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Theory and Operation of Audio Systems for TV

Most of the engineers going into television have had
experience in audio broadcast work. It therefore appears
unnecessary to spend much time on the theory of audio
alone. Instead we can go directly into the problems
connected with adding sound to the TV picture. In doing
so we will encounter ways in which the equipment must
vary from that used in AM or FM broadcasting.

The following pages will discuss some of the possible
systems into which the component units may be arranged
so a homogenous system applicable to TV operation
will result.

Tn the years past, many stations entering television have
neglected their audio facilities; their prime objective being
the video facilities. However, after some operation under
limited and inflexible systems, they have discovered that
the audio system can not and must not be neglected in
the overall plan.

The plan of a system should be evolved only after a
careful study of present operating needs, together with
a careful examination of possible facility expansion in the
future.

Quality of equipment in the system should not be dis-
regarded. A low cost amplifier of poor or mediocre quality,
or a switch, or relay that fails to perform its task, will
indeed become a very costly piece of equipment should
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FIG. 1. Block diagram of a simple audio system for television.

it fail during a sponsored program. High quality equip-
ment because of its dependability and superior construc-
tion, will cost less to use over a period of time.

Simple System

In an installation that requires programming of only
film or perhaps network programs together with announce
facilities, the audio system may become very simple. A
system meeting the above mentioned requirements is
shown in Figure 1. Two inputs are provided:; one for
film or network audio, and a second for a microphone to
be used by the local announcer. Two mixers, and a master
gain control are provided.
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Those not initiated in the teld of audio may have a
question as to why variable attenuators are used in the
system. rather than gain controls on amplifiers. Several
reasons appear quite reacily. If an interstage gain control
were used. all the amplifiers would have to be located at
the control position. If long lines were run between the
amplifiers and controls, considerable noise may be picked
up. together with a deterioration of frequency response
due to higher impedance interstage controls. When low
impedance variable attenuators are used. comparatively
long lines may be run to rack mounted equipment without
deterioration of frequency response or the problem of
noise pickup. Attenuators are designed mechanically and
electrically for constant use without becoming noisy or
failing mechanically. Attenuators are relatively constant
impedance devices which present a uniform load to trans-
formers regardless of frequency or attenuator setting, This
tends to improve frequency response and insure low dis-
tortion in the amplifier.

A monitor selector switch connects either the film or
network. the transmitter monitor, or the program channel
to the monitoring amplifier input. A relay is provided for
speaker muting during local announcements,

Of course. a volume indicator is a must in the program
circuit. In general. all V.U. meters are used in conjunc-
tion with a multiplier network, which may be adjusted
so various levels may be indicated on the meter. The
multipliers are usually designed to increase the V.U.
meter indication by an integral number of db from one
db through twentyv-seven db. It may well be noted here
that the basic meter without multipliers. will indicate
4 V.U. when connected in series with a 3600 ohm resist-
ance across a 600 ohm terminated line,

The “standard output level” for radio broadeasting
systems., as set forth in the R.ET.M.A. Standards, shall
be as follows:

1. For facilities feeding telephone lines the “standard
output level” shall be + 18 DBMI.

2. For facilities feeding radio transmitters the “Stand-
ard output level” shall be 4+ 12 DBM.

A limiter amplifier such as the RCA type BA-0A is a
very valuable asset in the program circuit. When properly
used it will insure a high average program level, together
with protection against severe overloads should the opera-
tor fail to “ride gain™ properly.

TC-4A Audio/Video Console

Itis true that a station may get on the air and provide
basic programming facilities with a system such as the one
previously described. However, in due time the station
may find need for more line inputs. turntable facilities.
and microphones: in general a more flexible system. To
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FIG. 3. Photo of the TC-4A Audio/Videc Console.

provide facilities for a compact. flexible. easily expandable
system the RCA TC-4A Audio/Video Console was de-
signed. Figure 5 is a block diagram of the T(C-4A. In
such an arrangement much of the same equipment used
in the system indicated in Figure 1 wil! be used. This con-
sists af a system using four mixers, together with a relay
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FIG. 4. Panel layout of the audio section of TC-4A Console.
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switching system. This system allows eight inputs to be
connected to these mixers.

Four of these cight inputs may be connected to the
mixers at any one time. It should be noted that. for in-
stance. either “net™ or “‘turntable 17 can be selected for
“mixer 17 but not hoth simultaneously.

The use of relays makes it easy to combine audio and
video switching functions. A high degree of isolation be-
tween audio and video circuits is obtained by using
this method of switching. The relays are operated hy
lever key switches: thus switching audio independently
of video. When combined switching is desired the func-
tions are “locked in.” and the relays are controlled by the
push button switches.

A very desirable feature of such a system is that a
separate audio signal may be switched into the program
circuit without “locking out™ the switching functions. As
an example let us assume that audio and video signals
from a film program are “locked in.” It is desired to break
in for a special announcement. This may be accomplished
by throwing the lever key switch controlling the control
room microphone or the studio microphone. this being
followed by proper manipulation of the mixers.

From Figure 5 it will be noted that inputs from two
turntables, two microphones, audio from one film chain.
a remote line, a network line. and a spare are provided.
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Complete monitoring facilities are provided. PPush but-
ton switches connect net. projector. turntable cue. program
or transmitter monitor to the monitor input.

The TC-4A provides a very tlexible type of control
system. The system is designed so that initially a simple
system may be set up. which may be “added to” without
causing the initial system to become obsolete. In its most
complex form the TC-4A offers approximately the maxi-
mum amount of facilities one operator may efiectively
handle. The TC-4A audio 'video console affords a station
a truly “one man” operation of audio and video control
functions.

For Expanded Studio Requirements

In the event that large studio productions are to be
tried. the above equipment may become inadequate.
However, it can become the master control function, and
the ~‘Studio™ position will connect to a consolette in the
studio control room. Studio productions are generally
conceded to require at least two operators: one each for
audio and video. The audio requirements, beyond the
usual mixers and monitors, are for plenty of microphone
inputs. The action moves from one scene to another, and
the microphone cannot always follow. Thus another
microphone must be ready at the new scene. A typical
installation for the studio is given on the following page
under the title ‘A Ilexible TV Audio System.”
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A FLEXIBLE TV AUDIO SYSTEM

Ee audio equipment described here will satisfy the
needs of most TV stations having a single studio, an an-
nounce booth, a film projection room plus network and
remote lines.

For the most part, the audio equipment for a layout of
this nature does not vary a great deal from an AM/FM
installation. One major difference is in the increased num-
ber of microphone facilities. Also. an intercomm type of
communication system is a necessity in order to integrate
the various sources of program material.

Four main items are required:

One BC-2B consolette

One BCM-1A auxiliary mixer console

One BCS-13A auxiliary control console

One rack containing amplifiers, equalizers, jacks, etc.

The BC-2B consolette (as shown in Fig. 1) is a com-
plete high fidelity speech input syvstem in itself. There
are mixers for four microphones, two turntables, one net-
work and one remote, a total of eight. By means of lever
keys each program source may be switched to a program
or an audition output. Kevs for the microphone posi-
tions also provide studio speaker control so that the

speaker is locked out during a broadcast. Talkback facil-
ities allow communication to the studio except during
“on-air’”’ periods.

The microphone facilities of the BC-2B may be ex-
panded considerably by the addition of the auxiliary
mixer console BCM-1A. A single line diagram of this unit
is shown in Fig. 2. Twelve microphone circuits may be
connected permanently to the console and by means of
lever type switches. four can be assigned to preamps and
faders. Each fader has a kev switch to select either audi-
tion or program.

There are two possibilities for connecting the BCM-1A
to the BC-2B. One type of connection parallels the audi-
tion and program buses of both units. In this way, eight
instead of four microphone faders are available. A speaker
interlock circuit is provided on the audition/program
switches.

Another type of operation is to connect the program
output of the BCM-1A to one of the microphone inputs
of the BC-2B. The microphone fader on the BC-2B then
becomes a submaster for the microphones connected to
the BCM-1A, This tvpe of operation is desirable in an

FIG. 1. The RCA BC-2B Consolette serves as the foundation for many flexible TV systems.
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orchestral pickup, whereby proper instrumental balance
can be obtained by settings of the individual faders. One
fader on the consolette can then provide cut-off or fading
for the entire group. The BCM-1A requires a separate

power supply, Type BX-1E.
Another unit which adds to the flexibility of the TV

H NG
CURRENT

Audio system is the BCS-13A auxiliary console, It con-

tains a VU meter with selector and attenuator, a turn-

table volume control with studio playback switch, a spare
attenuator and six telephone ringdown circuits with relays.
A DC power supply is required for operation of lamps
and relays. Fig. 3 is a single-line block diagram of the

unit.

One rack of associated equipment is used for this TV

Audio system. Units in the rack include two BA-14A

TELEPHONE
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FIG. 3. Simplified diagram of BCS-13A auxiliary console.

The RCA BCM-1A Mixer
program output connects to one of
the microphone inputs of the BC-2B.
An alternate method, shown dotted,
would parallel the audition and pro-
gram buses of both units.
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FIG. 4. BCM-1A, BC-2B, and BCS-13A combined gives flexibility to a TV audio system.

amplifiers, two BA-13A amplifiers. one BA-11A ampli-
fier, plus jacks, coils and relays. The functions of these
units will be described on the following pages.

Fig. 4 is a block diagram showing how the B(C-2B con-
solette is combined with the other units to make up a
television audio system. The studio is shown as having a
total of 16 microphone outlets, Twelve are connected to
the BCM-1A and four to the BC-2B. These circuits are
normalled through jacks located on the rack.

The quantity and types of microphones to be used are
generally determined by the type of programming that
is contemplated. Simple productions usually involve
simpler microphone techniques and many presentations
can be handled very effectively with the following three
arrangements: (1) a microphone placed on a movable
boom stand, (2) the addition of a floor stand microphone,
and (3) addition of a desk type microphone for com-
mentary or announcement purposes,

Productions of a more complex nature, such as dramatic
presentations where more than one set is involved., pre-
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sent a greater problem. To do the job effectively and have
the microphone in the right place at the correct time,
requires the use of a quiet operating, highly flexible boom
stand providing a large range of extension and a wide
vertical and lateral swing. There are two types of micro-
phone boom stands in general use today for television
service; one of a semi-adjustable type, the MI-11070.
which can have its extension and elevation adjusted be-
forehand and then wheeled into position. This type of
stand can be used quite effectively in such productions
that will permit the microphone to be placed above the
scene Dbeing televised and not requiring any extensive
movement of the microphone during the show.

Shows of a variety or dramatic type where there is con-
siderable movement of the artists. require another type
of boom stand that will literally permit the microphone
to follow them around the set. This tvpe of stand is in
general use in the motion plcture industry, and one model
recommended for TV programming is the MI1-20374 (sec
Figs. 7 and 8). This particular stand provides an operat-
ing station for the boom operator and the whole structure
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FIG. 5. Panel layout and engraving for block equipment shown in Fig. 4.

is mounted on rubber-tired wheels which permit it to be
readily moved across the loor. The length of the boom
can be extended from 7 feet to 17 feet and the micro-
phone can be gunned™ through an angle of 280 degrees.
This boom stand, in the hands of a trained operator. can
do much to offset the disadvantages of picking up
sound at a greater distance from the source than is
encountered in the regular AM or FM svstem of broad-

casting. In selecting this latter type of stand, considera-
tion should be given to amount of space available in the
studio where it is to be operated. In small stations where
staging is at a minimum, it would be more practical and
more economical to use the semi-adjustable MI1-11070.
Microphones that are used for broadcast service can
also be employed for television programming. Such types
as the 448X, BK-1A, BK-4A, and 77D are in general use.

This arrcngement of model TV units shows how equipment items

of a studio control room might be placed.
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FIG. 7. Audio operating position, at the left, for handling of turntables,
BCM-1A quxiliary mixer, BC.2B consolette, and BCS-13A aquxiliary console.

The 44BX is a bi-directional ribbon type used for
orchestra or band setups and certain commentary pro-
grams where its appearance in the picture is not a center
point of distraction. Due to its bi-directional character-
istic and its mechanical construction, it is not generally
recommended for hoom operation where there is likely
to be extensive movement of the boom during the show.

The type BK-1A pressure microphone is a high fidelity
instrument of the pressure-actuated type, especially de-
signed for announcing and remote pickup. It is suitable
for reproducing both music and speech. Tt is effectively
non-directional when mounted vertically and is semi-
directional when mounted horizontally. The relatively
high output level provides a good signal-to-noise ratio.
A desk stand, MI-11008, is expressly designed for use
with this microphone.

The microphone generally recommended for boom serv-
ice is the type 771). This is basically a ribbon microphone
operating on a velocity-pressure principle. It has three
directional characteristics; namely, uni-directional, bi-
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directional, and non-directional. For hoom service it is
generally set in the uni-directional position. which will
permit artists to operate at a greater distance from the
microphone and its directive characteristic will favor
reduction of reverberation and background noise level.

The BK-4A is a miniature ribbon-pressure type micro-
phone having a slim contour and styled to be unobtrusive.
Hence, it can be used on a stand without interfering with
the view of the performer or artist’s face. Individual data
sheets on the four type of microphones in general use are
included at the bhack of this section of the Manual for
reference.

In addition to the studio microphones, stands and
hooms—a studio loudspeaker is emploved to serve the
following three functions:

1. Talk back from control room
2. Program cue

3. Effects.



The latter function permits sound effects or other tran-
scriptions to be fed into the studio for special purposes
while the studio is on the air.

“On-air” and “Audition” lights in the studio are con-
trolled by relays in the rack. Operation of the relays de-
pends upon whether the consolette is “~switched up” for
program or audition purposes,

The equipment in the announce booth consists of a
loudspeaker for cue, a microphone, and an ~On-air”
warning light. A type BK-1A microphone is suitable for
most applications, and may be concealed if desired for
use in stations where a studio camera chain is associated
with the announce booth. The announce microphone uses
the same fader as studio microphone number four. A lever
key selects one or the other and also provides interlock so
that the announce booth speaker will not be on during
a broadcast. The announcer’'s microphone may be used
to supply commentary for slides or silent motion pictures
in addition to commercials and station breaks.

The audio equipment for the projection facilities would
normally consist of two type TI’-16 series 1 6mm projectors

whose output level is approximately 4 dbm. A change-
over relay is used to select the audio from the projector
that is “on camera.” The relay is actuated by the dowser
mechanism of the TP-16 projector.

Due to the wide variation of frequency response in
various tyvpes of presently available films, it is recom-
mended that an equalizer, M1-26313. be inserted in the
audio circuit. A control is used to select any one of three
steps of high frequency boost, or the position which pro-
vides no boost (ilat with 7 db insertion loss). The max-
imum insertion loss is 14 decibels. This unit is mounted
in the rack along with the changeover relay. The
output of the equalizer feeds into one of the remote
positions of the consolette. There is a pad in the circuit
which may require changing, if the output from the
equalizer is too low to give a satisfactory range on the
remote fader.

Two circuits are provided in the audio equipment rack
for equalizing and amplifying any programs received
from a remote source. Jacks are provided to terminate

FIG. 8. Microphone boom MI.26574 using an RCA 77.D microphone.
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FIG. 9. Typical scene
where boom must be
raised rapidly from
gseated figure to rising
position for wide-
angle picture.

24 outside lines. The line to be used is patched into un
equalizer, the output of which is fed imo a BA-13A
amplifier. This amplifier has a gain contrel so that the
cqualizing loss can be compensiated and output set at
some predetermined level. This ievel can be read on
the VU meter in the BCS-13A console. A pad in the
circuit attenuates the signal to the proper level for feed-
ing into a remote position on the BC-2B. The output of
the remaote booster also feeds into a monitor position so
that an aural check may be made. The two remote pro-
gram circuits described, complete with amplifiers and
equalizers are desirable because the occasion frequently
arises when one remote follows another.

There are times when disc transcriptions become a vital
part of a television program in supplving background
music, sound effects and fill in for slides and silent motion
pictures. In this TV audio system two RCX t(yvpe 70-1)
turntables are used. The output of each one feeds into
a BA-12A preampliiter and then into a T fader ¢n
the BC-2B.

On the BCS-13A there is a lever key to select the
output of either preamplifier and feed it into a BA-14A
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so that it can be played back into the studio speaker.

This by-passes the speaker cut-off relay in the BC-2B.

A typical example of the use of this ¢ircuit is the case
where an actor “on camera”™ appears to be thinking of
something having a direct bearing on the plot or pro-
gram. The thoughts that are running through the actor’s
mind are on tape and the audience hears them as the
tape is fed into the console. By also plaving the tape
recording back inte the studio. the actor can hear and
thus properly coordinate actions and facial expressicns.

The regular line vutput of the BC-2B feeds through a
line transformer. Jacks are provided on the input and
output of this transformer. This output line is bridged
by a BA-11A amiplifier which provides isolation to feed
a house monitoring bus.

A spare BA-13A amplifier is provided with a 600 ohm
imput and a bridging input on jacks. The output is nor-
malled through jacks to a pad and a line transformer
to provide a spare output circuit, The output of this
spare amplifier may be checked by means of the VU
meter in the BOS-13A,



In the beginning it was stated that some intercom- The intercomm system includes a microphone, a BA-
munication facility is a necessity if a television program 14A and relavs with control keys. These keys should be
is to be put on with any degree of success. In the located near the director's place of operation.
BCS-13A there are six telephone ringdown circuits which
may be connected to outside points. In addition to this.
a separate intercomm system is necessary to provide loud
speaker talk-back to the following points:

The RCA TS-10A camera switching equipment has pro-
visions for two-way communication to the camera oper-
ators. There are many concepts of intercomm facilities
1 Projection room 3. Announce booth but those just mentioned will serve the needs of a great
2. Studio 4. Order wire. many stations.

FIG. 10. The RCA RT-12B console model
tape recorder, which is available with a
remote control unit, may serve for special
or sound effects, musical backgrounds, or
commercials and station breaks when pre-
recorded tape is used. It is a valuable
device for recording the audio portion of

political speeches, special events, etc.




TELEVISION

An intercommunication system is an essential part of
any television installation that has live talent shows, film,
or remote programs. Reliability is important since instan-
taneous communication between control room, projection
room, and studio is necessary for shows having minimum
rehearsal time. Intercommunication for television may
be classified into two types:
1. Amplified intercom (Similar to public address
systems)
2. Telephone communications (May be termed in-
terphone)

RCA broadcast intercom equipment is composed of
hasic units that may be arranged to suit most installations.
Other requirements can be met by custom equipment.

For future expansion, crossbar type switching is used,
which permits added inputs and outputs. The switching
is usually accomplished by relays that are conveniently
rack mounted. The system described is for use in an
“\ Prime"* station, however, the same system is suitable
for studio control room operation in a larger station where
an RCA TC-5A Program Directors’ console is employed.
The same amplified system is suitable for master control
aperation.

Amplified Intercom

A primary intercom system will be described, (See
fig. 1.), wherein the directors and projectionist talk over
an amplified system, switching at speaker level in a
crossbar manner. The studio tloor personnel talk back to
the control room personnel over an interphone system.

The directors” instructions are amplified and dispatche
at speaker level to any of six parties. The projectionist
talks back over an amplified system to the control room.
Dynamic-type microphones are used by the projectionist
and by the directors. 'The directors’ key panels have lever
keys representing each party to be called. Fach key switch
operates a corresponding relay that switches the directors’
instructions to the selected party.

The following is a typical list of parties that a technical
director may select and call:

1. Audio Boom Operator 4. Cameraman
2. Lighting Operator 5. Announce Booth
3. Studio Floor Personnel 6. Projection Room

* See “Four Versatile TV Station Equipment Plans for VHI
and UHF,” in the Video Section of this manual.
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INTERCOM SYSTEMS

The following is a typical list of parties that a program
director may select and call:
1. Studio Floor Personnel
Cameraman
. Announce Booth
P’rojection Room

. Men’s Dressing Room

T

Ladies’ Dressing Room

It is often desirable to increase the level of the directors’
instructions approximately 6 db during adverse ambient
noise conditions in the area of the party being called. An
additional lever key or foot switch will operate a relay
that bypasses a 6 db pad.

The directors receive communication from the camera-
men and studio floor people by means of telephone head-
sets. At the camera, each telephone headset is of the
double earpiece tvpe, so that one earpiece is connected
to the interphone circuit and the other is connected to a
program cue circuit.

During *“On Air” announce periods, the announce booth
intercom speaker is automatically muted by utilizing con-
tacts of the speaker muting relay. During “On Air”
periods in the studio, its intercom speaker is muted in a

similar manner.

Muting of the announce booth and studio speakers
during “On Air’” intervals is shown using “A Prime”
audio equipment, however, the same principle would apply
when using a BC-2B Consolette or other audio facilities.
The projection room speaker is never muted. An inter-
locking arrangement mutes the control room intercom
speaker only when either director calls the projection
room. This gives priority of call to the directors and

permits them to be heard at all times.

Telephone Communications

Systems requirements for interphone vary considerably
from station to station. An interphone system is normally
used congruently with an amplified system. Communica-
tion between the directors and the cameraman and studio
floor personnel may be an interphone system. yet supple-
mented with an amplified intercom system to address
the studio floor people and the projection room.
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FIG. 1 (above). Combination of amplified intercom and interphone shown on this
schematic is used as basis for the discussion of a primary intercom system.

An interphone system. as shown in Fig. 2. utilizes the
camera interphone facilities: jack boxes. headsets, re-
tardation coils, and a power supply. Additional jack boxes
for headsets may be added in a parallel manner for such
functions as the camera control operator. the lighting

operator, and the assistant program director,

A primary type of interphone system will be described.
The technical and program people in the control room
each normally have two-way talking facilities to their
respective party on the studio floor. The program direc-
tor’s switch may be operated to place everyone on a con-
ference bus. The technical director’s switch may he oper-
ated to permit him to talk with a remote point over a

private line.

An induction coil and a capacitor designated as ~T1
are used to provide an anti-side tone feature that results

in local sounds partially canceling in the local earpiece.
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FIG. 2. Schematic diagram of a primary interphone
system which shows the simplicity of such a system.

TELEPHONE FACILITIES
INDUCTION COIL
AND CAPACITOR
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The headsets shown are the split type where one ear-
piece is entirely separate from the phone system. Program
cue commonly feeds all separate earpieces. Headsets with
paralleled earpieces may be used to receive interphone

signal in both ears.

The power supply in a common battery-type system is
in series with a retardation coil, and the combination is
paralleled across a telephone line. Retardation coils mini-
mize the effect of the power supply lowering the telephone
line impedance at voice frequencies, yet permit adequate

flow of direct current.

With successively more cameras, which means more
phones in parallel, the signal-to-noise ratio becomes such
that noise conditions exist for considerable periods, over-
riding the interphone signal at the camerman’s ear. An
interphone system provides an adequate signal-to-noise
ratio during relative quiet and average noise conditions
in a studio: but for continuous intelligibility, the direc-
tor’s instructions to the camera and tloor personnel must
be amplified during intervals of loud music, crowd cheer-

ing. or applauding.

Recognizing the signal-to-noise limitations,. the inter-
phone system simplicity. coupled with its relative low

cost, permits its use in manv instances.
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FIG. 3. The double headset (split type) uses one earpiece in
the cue circuit and the other is used in the interphone circuit,
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Custom Equipment For

he rapid growth of TV programming and the increas-

ing complexity of switching operations have shown
a definite need for special or “‘custom™ equipment. As in
the case of the larger AM installations, it has also been
found in many TV stations that standard items of equip-
ment are not designed to satisfy the many special switching
and operating requirements encountered. These require-
ments are created by many factors, such as studio floor
layout, number of studios. number of live shows, number
of auditions, remotes and network aftiliations.

TV Installation

Since no two television stations have the same operating
requirements, the corresponding equipment needs natu-
rally differ for each installation, ranging from special
equipment for small and medium size stations to complex
systems for large network installations.

WWI Installation

To illustrate how custom equipment for TV installations
can solve the many complex situations which arise, several
examples are described and illustrated on the following

pages.

The first example of “custom” handling of TV program
distribution is the new WW J-TV installation. The block
diagram below illustrates the method used by WW]J-TV
to handle their required program facilities in master con-
trol room.

FIG. 1 (at left). WWI.TV Master Control Audio Ringdown and

Remote Panel. Ring and Talk facilities are provided for 12 talk

lines. Two remote busses are provided with mechanically inter-

locked selection for 12 incoming program lines. Gain controls are

provided for each remote bus as well as the network bus. Two

sets of monitor selector and volume controls are provided for
the use of master control operator.
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FIG. 2. Simplitied block diagram of the sP3
WWI.TV Master Control Switching System.




FIG. 3. WWI.TV
Master Control
Audio Switching
Panel. This panel
switches 12 inputs
to 2 outgoing feeds.
Each outgoing chan-
nel has a left and
right bank, one of
which may be used
for preset while the
other is in use, The
“Transfer” switch
at the bottom of
panel accomplishes
the switching.
Mechanically inter-
locked push buttons
are used for oper-
ating audio relays.
With the "'Tie”
switch on and the
“Tie” lamp illumi-
nated, the audio
relays follow video
switching. Tally
lights adjacent to
each audio push
button indicate the
corresponding se-
lected video input.
The "lock out” lever
key maintains su-
pervision on studio
transfer operation.
A “power” switch
is provided for each
channel. The "Stu-
dio On Air”’ lamp
when illuminated
indicates proper
operations have
been made to feed
master control. A
VU meter is sup-
plied for each chan-
nel. A master gain
control is provided
for each channel,
An "Announce”
lamp indicates over-
ride operation on
each channel.

The audio and video switching is normally combined
so that the audio follows the video switching. The audio,
however, can be divorced from the video switching and
switched separately. The switching is of a pre-set type
which allows one pre-set ahead of the existing program.

It is possible for the studio “X’ announcer to override
any or all of the four outgoing audio channels. The studio
“X’" audio operator has control over this function. Late
hour program material, such as network or film, can be
handled by the studio “X” console.

The projectionist has facilities for switching the output
of any one of three projectors to a program buss and any
one of the remaining projectors to an audition buss. The
program buss has priority.
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WOR-TV Installation

An example of special treatment of audio facilities
for TV is the WOR-TV installation which is completely
described on the following pages. This includes studio and
master control custom equipment and shows how video
and audio switching facilities are combined.

WNBT Installation

Another example, which illustrates the possible program
complexity encountered in audio switching, is the descrip-
tion of the NBC custom consoles by Mr. R. W. Bylod.
In this case, the large number of complex TV shows to
be handled dictated the design of a custom audio console.
The facilities handled by this console are numerous and



286 509596050000
LN TN R I R

o
@
@
o
e
o
@
e
o
@
@
@

FIG. 4. WWI.TV Master Control Video Switching Panel. This
panel switches 12 inputs to 2 outgoing feeds and a preview bus.
Each outgoing channel has a left and right bank, one of which
may be used for preset while the other is in use. The “Transfer”
switch at the bottom of panel accomplishes the switching. Tke
preview channel may be punched up on any input. llluminated
non-locking type push-button switches are used for operating
video relays. Tally lights adjacent to each video push button
indicate the corresponding selected audio input. When the “Tie”
lamp is illuminated. the audio follows video switching. The
“Lock Out” lever key maintains supervision on studio transfer
operation. A “Power” switch is provided for each channel.

many unique features may offer some solutions to your
audio switching and control problems.

Basic Considerations for Custom Equipment

Before any intelligent planning for custom equipment
can be made, certain basic considerations must be known.
To assist the TV planning engineer in determining the
facilities required, a check list is included here for ready
reference.

Studio Equipment
1. Number of studios to be equipped.
2. Type of installation:
a. Self-contained console.
b. Separate rack and console.
3. Type of console:
a. Metal construction most practical for seli-
contained consoles.
bh. Separate corsoles are cheaper if constructed from
wood.
4. Number of mixer positions (list each studio sepa-
rately):

a. Microphones.
b. Turntables.
c. Remote or net (no pre-amps required).
5. Special features:
a. Echo mixers.
b. Sound effect filter.
6. Location of turntables:
a. Studio.
b. Control room.
7. Single or dual channel.
8. Order wire circuits.
9. Talk back features.
0. Floor plan:
a. Space for equipment.
b. Location of windows and doors.
c. Size of doors.
11. Preferred relay voltage.
12. Other requirements.

Master Control Room
1. Number of inputs to be switched (to be itemized).
2. Number of output channels.
3. Type of switching:

a. Pre-set with master switching only.

. Pre-set with modifications for studio switching.

c. Straight switching using mechanically inter-
locked push buttons.

. Straight switching using interlocked relays.
These may be operated from remote points, thus
providing a means for switching directly from a
studio. This type of switching provides flexibility
that enables a station to operate with reduced
personnel.

4. Number of studios controlled from master control desk.
5. Facilities in studios controlled from master.
6. Type of desk construction—size, material, etc.
7. Number of incoming, remote program lines.
8. Equalizers:
a. Fixed.
b. Variable.

9. Isprogram cue desired for remote lines.
10. Number of order wires.
11. Number of master monitors.
12. Number of monitor buses.
13. Test equipment.
14. Special features:
a. Echo room amplifiers.
b. A.T.T.reversal equipment.
c. Tone signals.
15. Floor plan:
a. Space for equipment.
b. Location of windows and doors.
c. Size of doors.
16. Relay supply voltage.
17. Other requirements.

In conclusion, we wish to state that the facilities of the
custom engineering group are available to you. We will
welcome your inquiries, regardless of how large or small
your problem may be.
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WNBT TV Studio/Audio Console’

————

FIG. 1.

Introduction

As the size and comulexity of television studio produc-
tions have grown, it has become obvious that a studio
audio system  specifically  designed for television was
needed. Such a system had to incorpcerate not only the
special facilities demanded by television but, at the same
time, in the interests of standardization, it was necessary
that it be equally usable for radio production. This last
requirement was given added importance when it became
the practice to use the same program simultaneously for
television and sound radio.

Ar investigation of the requirements of such a studio
audio system disclosed that it must be more flexible and
larger than one to be used for sounil broadcasting alone.
Specifically. the investization showed that the svstem
must include more fader positions, more iacilities for
combining or mastering these faders, a simple way of

* By Robert W. Bylorf, Engineering Department, WNBT
(NDBC Ine), New York, N Y
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handling program sources {nemos) outside the studio,
special equalization to compensate for unavoidably poor
microphone placement, a switching system for special
eifects filters, special control lighting and indexing, auto-
matic gain contrel, and provision for built-in video
monitoring.

A system designed from these requirements and de-
scribed herein, has actually been built and is installed
in several new television studios. Among these are the
world’s largest dramatic studio and the world's largest
television theater.

Mechanical Features

The principles used in the mechanical design of the
console were as follows:

1. The console to be as small as possible in all dimen-
sions to allow its use in the normally crowded spaces
allotted to television control rooms, and to allow
good visibility over the console.

All controls to be within easy reach.
3. Space to be provided for a script or cue sheet.

SIS



4. Primary operating controls to be on the front panel
and properly indexed, and secondary and preset con-
trols to be on the side panels.

. Space to be provided for five video monitors in the
console, since video monitoring for the audio oper-
ator is essential in keeping the microphone boom
out of the picture.

(911

6. The video monitor portion to be attachable as a
separate item to allow use of the console in radio
studios or any locations not requiring picture
monitoring.

7. The console equipment to be accessible for mainte-
nance from the front of the console to the extent
necessary to provide maximum flexibility of console
location in the control booth.

8. All equipment, not requiring manipulation by the
operator, to be mounted elsewhere to save operating
space and to permit easy maintenance.

Fig. 1 is a view of the console. The unit as shown is
66 inches long, 36 inches deep, and 41 inches high. With-
out the video monitoring portion, the depth is reduced
to 23 inches and the height toward the front to 36 inches.
The distance from the center of one side panel to the
other is 45 inches, which permits easy reach to either side.
The desk top is wide enough to allow legal size sheets
of paper, which is normal script size, to be placed on it
without overhang. The sloping portions of the top allow
the panels to be set down and thus reduce overall height.
This feature also allows the operator’s hands to reach
the top controls on the front panel more comfortably.
On the right side of the desk top is a sliding panel which
covers a well in which the microphone preamplifier inputs
appear on drop cords. These drop cords (similar to tele-
phone switchboard cords) are used for microphone selec-
tion, and can be patched into the microphone receptacle
jacks in the jackfield directly above the well.

The front panel, sloped at 20 degrees from vertical
for maximum operating case, has in its top row of con-
trols 12 microphone faders. The center group of controls
in the lower row are the red, white, and green submaster
faders, a studio master fader and a remote master fader.
These submaster faders are color coded to provide a con-
venient visual tie-in with fader assignments as described

below. The controls on the ends of the panel are for’

studio playvback and reverberation. All faders on the front
panel have dials, which are illuminated when they are
in use. Itach dial is calibrated and, in addition, contains
an illuminated pointer enabling the operator to tell at a
glance the position of the fader. Above each microphone
fader is a translucent window which lights up red, white,
or green depending on whether the fader is assigned to be
mastered by the red, white, or green submaster. The win-
dow is dark when the fader is unassigned. The surface of
the window is roughened to allow the operator to pencil
and erase any supplementary information he wishes on it.
He may, for cxample, write “orchestra” or ‘“cast” or
“hoom™ on these windows, and the light behind the win-
dow makes his writing show up in the darkened control
room. Thus these windows indicate to the operator

1

whether or not the fader is connected, the submaster to
which it is connected, and any other information about
that channel he may wish to indicate. Lever keys on the
front panel select remote programs, sound preview remote
programs, control sound effects filter, and do auxiliary
switching. An illuminated volume indicator in the center
of the panel shows the volume level on the output of
the system.

The right side panel contains a jackfield for patching
up effects, equalizers, microphones, and other program
sources, and for emergencies. This panel also contains
equalizer controls for microphone equalization, and a con-
trol for the selection of limiting or compression in the
program amplifier.

The left side panel at the top contains four micro-
phone faders in a separate four position auxiliary mixer
which is used for audience reaction and is normally pre-
set. Controls for monitoring and sound effects filter fre-
quency response and gain are contained at the bottom
of the panel. In the center of the panel are push buttons,
for assigning faders to submasters. There are four buttons
for each fader: a red, a white, a green, and a black one
for ‘off”. Pressing the red button for fader 1, for example,
connects it to the red submaster and lights up the indi-
cator window above fader 1 in red. Another set of push
buttons on this panel is used for effects switching as
described below.

The housing attached to the back of the console allows
five 10-inch video monitors, set on dollies with their
kinescope faces up, to be placed in the console. These
kinescopes are viewed by reflection from a front sur-
faced mirror set in the housing. These monitors enable
the audio operator on a television program to observe
the outputs of all of the cameras and also the program
leaving the studio. This is particularly important to him
from the standpoint of keeping the mike out of the pic-
ture. The housing is completely independent of the rest
of the console and may be removed if not required.

The three panels inside the kneehole of the console
are removable for maintenance of the equipment. The
front panel is hinged and drops forward; the side panels
are removable with thumb screws.

The jackfield located in rack equipment is used pri-
marily for maintenance checking. The racks contain
preamplifiers, boosters, power supplies, relays, and moni-
toring amplifiers for the system.

Electrical Features

Iig. 2 (top of next page) shows a simplified block dia-
gram of the over-all system. No attempt has been made
in this drawing to show specific circuit components, which
are known to anyvone familiar with audio practices.

Twenty-four microphone outlets are available at the
console, and may be connected to the twelve preamplifier
inputs by drop cords. These sources are then normalled
through preamplifiers to the twelve regular faders. A
push button control system as described previously at
the fader outputs enables each fader to be connected to
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any of three mixers. The reason for having three mixers ticularly for commercial film insertions in a studio

is to permit mastering in three groups. This grouping
reduces the need for individual fader manipulation and
confines much of the operator’s attention to three con-
trols. The outputs of these mixers, following amplification
are connected to the three submaster faders. The out-
puts of the submasters are then mixed and routed to
the studio master fader. The studio master fader output
is mixed with a nemo (or remote) master output which
in turn goes to the studio amplifier to bring the program
level to studio bus level, or to line level if the output is
to feed telephone lines. The studio amplifier is a special
automatic gain control amplifier with selection of either
limiting or compression characteristics. The character-
istic to be used is selected by the audio operator by
means of a key at the console. One of the advantages
of an amplitier of this tvpe in the system is that it per-
mits greater latitude in gain settings and thus assists the
operator in that respect on a program,

The input of the nemo master fader comes from selector
relays, which choose one of two remote program inputs
which are sent to the studio by the transmission section
of the studio plant. Selection of the proper nemo program
is made either by the audio engineer with a key at his
position or, if he desires, it may be accomplished by the
picture switcher. When this set-up is used, audio and
video switching to remote programs is done together
automatically. Having the nemo master fader and studio
master in parallel enables the audio operator to fade out
his studio program and fade in the remote program with
these two knobs alone. This feature is desirable par-
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program.

Bridges are taken off the remote lines as thev enter
the studio system and are brought to a key for selection.
The selected program is then amplified and sent to a
small loudspeaker so that the audio man may listen to
the remote program on a preview speaker before he puts
it on the air.

Two turntables are usually provided in television stu-
dios for bridge music, themes, and actions where a voice
intending to portray the thoughts of the actor is heard.
These bits must be played back to the studio so that the
actors may better know what is happening. In the console
the turntable outputs are normalled to the input of the
studio loudspeaker volume control which goes to a loud-
speaker amplifier, the output of which is sent to outlets
in the studio. A portable loudspeaker may be placed near
the scene of the action and plugged into the nearest
outlet. This placement enables low volume level on the
loudspeaker and avoids excessive echo in the studio.
Actual program from the turntables is connected to a
program fader for transmission and control.

The auxiliary four-position mixer has four input jacks
going to four faders. These fader outputs are combined
and appear on a jack which may be used to patch this
svstem to any console input. This mixer allows applause
control of four microphones using only one regular fader
position,

Monitoring feeds from the studio bus or line go to the
console volume indicator, to the video and audio booth



speaker ampliliers. and to a headset monitoring amplifier.
The booth speaker amplifiers have cutoff relays on their
inputs to avoid feedbacks when the studio address sys-
tem in the control booth is used. The headset monitor
amplifier output is fed to studio receptacles for the use
of sound effects technicians, orchestra leaders. and stage
managers.

Al equalizers and sound effects filters in the system
are arranged for zero insertion loss by providing ampli-
fication in these circuits to compensate for filter losses.
The three microphone equalizers have low- and high-
frequency control and are on jacks, so that they may
he connected to any microphone channel desired. The
sound effects filter has a by-pass switch around it. so
that it may be inserted on cue, and a gain control to
compensate for different settings of the filter.

O NG ST o out -
00
PUSH BUTTONS FOR
CHANNEL 1 ’V - ]
N2 YEST [— S out 2
Q
CHANNEL 2 -~ S —
N N3 VED [ out 3
b
CHANNEL 3 . — —
A
SIGNALS FROM JACKS FOR
CAMERA RELAYS CONNECTING
10 OPERATE SYSTEM EFFECT
FIG. 3.

The effects switching system is shown in Iig. 3 (above).
This is a relay switching system with three inputs and
three outputs. If three microphone channels are connected
through this system, they may each be connected, through
operation of appropriate relays, to any effect required
such as a sound effects filter, an echo chamber. or simply
a volume control. This switching then allows an echo
chamber, for example, to be inserted in different micro-
phone channels during a program without repatching. In
television audio work this facility is important because
a special filter or echo microphone cannot be assigned
for use by the actors as the program demands, and so
these effects must be available on several microphones.
The system is also useful in telephone conversation effects
where beth ends of the conversation are shown with first
one party on filter, and in the next instant, the other
party on filter. Control of these relays is provided at the
console. This control may be done either by the engineer
at the console with simple on-off buttons or he may elect
to tie the system to camera switching. If so, the filter
switching is caused by the switching of cameras. A tally
panel in the console shows the audio operator which
camera is on the air.

In addition to the above facilities. the system con-
tains contrast controls on the console for the video mon-
itors, rack to console tie trunks, jack multiple strips,
auxiliary isolation coils, talkback facilities to the studio
address speaker and to the headphones of the boom oper-

ator, telephone facilities to other studios and to master
control, and telephone facilities to other audio operators
in the same studio. Multiple jacks on microphone chan-
nels are provided for connecting to an auxiliary public
address system if the console is used in an audience
studio. This provision allows for individual microphone
public address, which has been found to be essential for
television studio public address systems.

An unusual feature of the console is the microphone
channel mixer. In the past when a split mixer was pro-
vided, it was necessary to have switching keys of com-
plex configuration for connecting the microphone channel
to one or the other mixer. This complexity was required
because the mixer was a matched impedance system and
whenever a fader was removed, a resistor of the same im-
pedance had to be substituted for the fader in order to
keep the same loss through the mixer. If the mixer must
be split three ways, the complexity of the switching key
becomes so great as to be impractical. Therefore, a
bridging mixer was employed. In this system, the series
resistors going to the faders are large enough to keep
the mixer from knowing whether a fader is connected
or not. Terminating resistors are provided at each of the
twelve inputs to terminate the faders properly. Some
compromise must be made in this system to prevent ex-
cessive loss of level. The compromise agreed on was to
allow a 2-decibel variation in mixer loss between the
extremes of having one or twelve faders connected to the
same mixer. With this compromise it was possible to
design a mixing system with approximately 7 decibels
more loss than in a conventional matched impedance
mixer. This loss is easily made up in modern high-gain
amplifiers. The mixing system employed is shown in
Fig. 4 (below).
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Performance Data

Performance of the overall system is of interest. Fre-
quency response is essentially flat from 30 to 15,000
cvcles per second. Distortion at 10 decibels higher than
normal level through the system is less than 0.5 per cent
and the signal-to-noise ratio is 77 decibels below the level
at which the distortion measurements were made.
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FIG. 1. This is the WCAU TV Master Control Room as seen through the window from the
main lobby. The film and announce camera monitoring positions are at the long console
on the far side of the room. The master control switching console, especially built by RCA
to WCAU's specifications is at the extreme right. Part of the projection room can be seen
through the window at the left. The window further right looks into the announce booth,
and through a second window into the part of the projection room where the announce
cameras are located.

WCAU‘s TELEVISION
MASTER CONTROL ROOM

The TV Master Control Room includes
a custom-built relay switching system built
by RCA to WCALU''S specifications. Twelve
video and seven audio input circuits pro-
vide for studios, film chains, network and
remotes. Three output circuits feed the
main transmitter, network and an audition
or preview channel from any of the inputs.
Monitor switching controls the connecting
of video monitors among the three out-
going channels. There are provisions for
pre-setting as many as three inputs in ad-
vance. The audition channel can be used
as a preview circuit for the transmitter and
network outputs. A memory circuit is in-
corporated to operate flashing lights con-
tained within the pushbuttons. This notifies
the operator that a new “pre-set” has not
vet been made on a specific row of buttons.
The operator then clears the “flash” warn-
ing by pre-setting any desired input. Relay
switching with essentially the same system
used for video is also used for audio cir-
cuits. Both video and audio relays can be
tied together for simultaneous switching, if
desired, or they can be separated for indi-
vidual control. Of the twelve video inputs,
six would correspond to identical audio
inputs such as network, remote, Studio #1.
etc. Six video inputs from the projection
room may have their corresponding audio
mixed at an audio console in master con-
trol. A dissolve super-imposition circuit,
with a mixing amplifier is available, using
any two of the input circuits. It is used to
good advantage for film inserts with live
program, live inserts with film program.
multiple points of origination and for com-
mercial spots. on a fade or super-imposi-
tion basis. Audio and video “lever” type
faders in this circuit are independent of
each other hut are physically arranged so
that hoth levers may be grasped in one
hand and operated as a unit. A second
switching console, with duplicate facilities.
which may be required for future expan-
sion, is planned. Space is allowed for it and
rack space is provided for the relays and
associated equipment,

FIG. 2. Closeup cf the master switching console
which was custom built by RCA to WCAU's
specifications. Seven audio and twelve video
input circuits are brought to this console. By
means of pushbuttons which control switching
relays. the operator can connect any of these to
any of three outgoing circuits.



WOR-TV Custom Audio/Video Equipment’

For a complete description of the WOR-TV Audio/Video
facilities, see next page.

* The following information is a portion of a complete article, “WOR-TV Studios,”
which appeared in the September-October, 1950 issue of BROADCAST NEWS.
This material was prepared by Newland F. Smith, Engineer-in-Charge of
Television, WOR-TV, New York City, N. Y.

A-23



STUDIO WOR-TV STUDIO PROGRAM
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CONTROL ROOM

RAILING-

CLIENTS

FIG. 11. View of Control
Room “A” showing the
WOR-TV Program Direc-
tor's Console at left and
the Audio Console at right.
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Three program control rooms are pro-
vided at the 67th Street Studios, all of
which are identical as regards facilities.
One of these control rooms is used nor-
mally with each of the two large studios

-Studios A and B. The control room floor
level is about two feet above the studio
floor. A large window from the control
room permits good visibility into the
studio.

Note that this article starts with Iig. 10
because it is only part of an article which
appeared in BroAbpcasT NEws.

FIG. 10 (at left). Typical floor plan of one of
WOR-TV studio control rooms. All three control
rooms are practically identical as to facilities.
Video console components: 1. Preview Monitor—1.
2. Camera Monitor—1. 3. Camera Monitor—2,
4. Camera Monitor—3. 5. Camera Monitor—4.
6. Line Monitor, 7. Preview Monitor—2, 8. Direc-
tor's Intercom Panel. 9. Projection Room Re-
mote Control. 10. Technical Director’s Intercom.
11. Switching Panel. 12. Receiver Monitor.




CONTROL ROOMS “A’’, "'B’’ and *C”

The third control room (Studio C Con-
trol Room) is normally used for handling
of remote programs or film programs. Film
inserts on remotes are easily handled in
this control room by routing the remote
signal through the Studio C switching sys-
tem. In addition, all station breaks and
film spot announcements introduced in the
station break period are handled in the
Studio C Control Room. Studio C Control
Room is therefore one of the busiest spots
in the station, and is manned at all times
when the station is on the air.

Program Relay Switching
Accomplished by TS-20A System

Each of the studio camera switching
systems consists of a sixty button switch-
ing control panel located on each of the

program consoles. These buttons merely

FIG. 12 (below).

operate d-c control circuits that switch the
video by means of the TS-20.1 switching
relays located centrally in the Camera
Control Center for all studios. Each switch-
ing control panel contains five horizontal
rows of buttons which fundamentally allow
for twelve inputs and five outputs. The
twelve inputs provide normally for eight
local cameras, that is, video signals with-
out sync, three inputs for composite or
remote signals, and one input which is the
“Effects” input. All of the inputs appear
on the coaxial patch panels in the Camera
Control Center, and therefore any of the
three camera switching systems can be set
up with any of the camera circuits or other
signals required for a given programming.
The five outputs of the camera switching

relays are generally used as follows:

Studio Control Room “B” during program operation (Program Director at left watches seven monitors;

The lower bank selects any one of the
input signals for the program output cir-
cuit for that studio, and is set up for
“over-lap” switching. The next two banks
are setting up the so-called
“FEffects” amplifier inputs. That is, any
two of the inputs may be selected for feed-
ing a mixer amplifier, for producing lap
dissolves, super-positions, and fades. The
fader control is located directly to the
right of these “Effects’’ buttons. The upper
two rows of buttons are used to select in-
puts to the two preview monitors located
at either end of the program console.

used for

In summarizing the available camera
switching sequences, any of the following
specific combinations are obtainable with
the camera switching equipment used (pro-
vided Master Control has patched in the
required signals).

Preview 1,

Cameras 1, 2, 3 and 4, Preview 2 and Line Monitor). Video Switcher sits at director’s right and audio engineer at audio mixing controls.
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CONTROL ROOMS ‘A", "B” and **C’’ (Cont.)

6. Instantaneous switch between any of
the above signals and black.

B. ErreEcts Banks 1 AnND 2

The output of these two channels are
mixed according to the setting of the two
fader levers on the right of the switching
panel. The resultant mixed output is fed
back into the #12 input of the switching
svstem where it can be previewed on
either of the two preview monitors and/or
switched on the program line.

1. Lap dissolve between any two studio
and/or film cameras.

2. Fixed superposition of any two studio
or film cameras.

3. Fade down between any studio or

film camera and Dblack.

4. Fade up between black and any
studio or film camera.

5. Any of the above fades, laps, or
superpositions between local cameras and
a remote signal when used in conjunction
with the “Genlock” in Master Control.

The “Effects” input also provides for
the addition at a later date of additional
equipment for other special effects, such
as horizontal and vertical “wipes” “roll
buts”, split between two cameras, auto-
matic fades, etc.

C. PreEviEW 1 AND 2 BANKs

1. Preview monitor may be switched in-
stantaneously to any of the signals set up
for this switching system: i.e.. local cam-
eras, film cameras, remotes, or “Effects”.

In addition to the switching control
panel on the programming console, there
are located two intercom control panels.
One of these is used for the program
director’s intercom, and the other for the
video switcher’s intercom. These enable
the desk-type talk-back microphones to be
switched to the various circuits required
for direction of a studio production.

There is also located on the program
console a small panel which contains but-
tons for the remote starting and stopping
of any of the film projectors located in
the Projection Room. Control is given by
the projectionist to the particular studio
involved each time a projector is started
and stopped. Lights internal in the buttons
indicate when this control is available and
when the projector is running.

FIG. 15 (below). View of Control Room “C” showing arrangement of technical equipment.
Program Director’s Console with switching facilities is at left and Audio Console at right.

- TS TN
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FOUR OF THE MANY WOR-TV SWITCHING POSSIBILITIES
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WOR-TV AUDIO CONTROL, ANNOUNCE BOOTHS ‘D"’ & "'E”’

The audio system in each control room
is an assembly of standard RCA com-
ponents. A 76-B4 audio consolette forms
the basic part of the system. This is aug-
mented for additional microphone inputs
by two OP-7 mixer amplifiers mounted in
a specially built cabinet matching the 76-B.
Ilach of the OP-7 outputs appears on an
input fader of the 76-B. thus providing a
sub-master gain control on each of two
groups of microphones,

In addition. each set of inputs to the
OP-7's can be switched to any one of five
groups of microphone outlets by means of
relavs, thus providing for a maximum of
forty pre-set microphones about the studio
which can be used on different sets as
called for. Two microphone outlets in the
studio normally used for the boom micro-

phones appear directly on the 76-B fader.
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Two turntables and lines from Master Con-
trol for film and remotes complete the
audio system.

Master Control does all the program
output switching and permits audio to be
switched with the video or independently.
This allows the signal source of the audio
to come from a different point than that of
the video. D'rovision is further made for
turntable plavback over the studio speaker.

Thus, the audio control equipment em-
ploved in control rooms A, B, and C pro-
vide complete facilities for the handling of
microphones, turntables, film sound, and
Remotes are

remotes, patched to the

proper control room in Master Control.

Announce Booths “D” and "E”
Two announce booths are provided, and
each booth is situated so that a view of

the studios is available from them. Each
booth mayv be controlled from two of the
three control rooms. This makes a very
tflexible system in case spot announcements
are to be inserted into film or remote pro-
grams. It also provides an isolated booth
that may be used with the associated
studio to allow for the changing of scenes
booth “L~
is about 8 feet by 16 feet. and “D)” ap-

within the studio. Announce
proximately 10 feet by 20 feet. FEither
booth can be used in emergencies for a
small “one-camera” show if required (see

Fig. 21).

The basic equipment and facilities em-
ploved in each announce booth are similar,
and consist of a TM-1A announce mon-
itor, announce microphones, and required
intercom camera cables
I'igs. 22

terminations for

and monitoring circuits (see

and 23).

4

FIG. 20. Partial closeup view
in studio "B” conirol room
showing the audio control
setup. Facilities consist of
an RCA 76-B Consolelte which
is supplemented by two
RCA OP.7 Mixer Ampliliers.



Announce Studio “D” may be
used for a program setup as shown
here during an introduction to
the “Mystery Rider” film program.

|
FIG. 21. When the occasion arises, ;

FIG. 22 (above). View of Announce
Studio “B"” showing left to right, 44.BX
Microphone, TM:1A Announcer’s Mon-
itor, and announce desk microphone.

FIG. 23 (at right). Closeup of special
terminal box located in Announce Studio
"“E" for microphones, intercom, camera .
cables, monitor video, monitor power.
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WOR-TV FILM PROJECTION

The film projection facilities are located
on the second floor above the studio con-
trol rooms. In this room, which is approxi-
mately 18 feet by 34 feet. are located
three TK-20A film cameras with space and
trench facilities for locating a fourth when
required. Each film camera is associated
with a film multiplexer for combining
optically three sources of film or slides.
Two 16mm projectors, two 35mm projec-
tors, one Gray Telop, one opaque projector,
and three 2 x 2 slide projectors comprise
the projection facilities. distributed as listed
below as shown in the sketch of Fig. 24.

Camera 1-C

16mm Film Projector #1. 8 x 10 Opaque
Projector, 2 x 2 Slide Projector.

FIG. 25 (below). View of one end of the Pro.
jection Room: the two 35mm projectors and the
projection room monitoring racks at left with
the TM-1A picture monitors mounted at top.
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ROOM (STUDIO "C”)

Camera 2-C

16mm Film Projector #2, 3 x 4 Opaque
and Slide Projector and Special Telefax or
Scroll Titles, 2 x 2 Slide Projector.

Camera 3-C

35Smm Film Projector #1, 35mm Film
Projector #2, 2 x 2 Slide Projector.

Above each film multiplexer, and hung
on a sky-hook from the ceiling is a small
intercom speaker and talk-back micro-
phone. This is used for direction between
the program console and the projectionist.
By patching arrangement each of the three
projection room intercom assemblies may
be set up for communication in any com-
bination with the three program control
rooms. Thus, one projector and film camera
assembly may be working with Studio A

Control Room for an “On-the-Air” pro-
gram, while #2 camera chain and projector
assembly might be working with Studio B
Control Room for an audition. The talk-
back microphone on each of the intercom
assemblies is opened up by means of a
pedal foot switch located near the base
of each film multiplexer. In this way the
projectionist does not need to use his hands
when talking back to a studio control room.

Five racks of equipment are also located
in a row along the side of the Projection
Room. In these racks are located ampli-
fiers for the projector audio and the inter-
com systems. Four TM-1A monitors, rack
mounted, are also provided for monitoring
the output of each film camera chain. A
switching panel for each monitor provides
for switching the monitor from either the
camera output to any of the studio out-

puts, or to transmitter line. Remote con-
trol starting, stopping, and dousing circuits
are brought over to the racks for central-
ized control of all projectors. In addition.
switches are provided on the racks for each
projector, so that remote control may be
extended to any of the three studio con-
trol rooms or to a remote control panel
located in the Camera Control Center.
Local starting of any projector is provided
at the projector itsel1 by means of a foot
pedal switch conveniently located on the
floor beside that projector.

Directly off from the Projection Room
is located a film rewind and storage room
designed for the handling of 35mm nitrate
film. Film storage cabinets are provided
here with exhausts directly from the cab-
inets to the outside, in accordance with
standard City regulations.

FIG. 26 (below). Another view of Projection Control Room showing location of other
equipment. Two RCA TK-20 film cameras with Gray Telop are visible in foreground.
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FIG. 28. A special Camera Cable Patching
Panel designed by the WOR.TV engineering
staft is located in the “Master Control Center.”

FIG. 29. The studioc camera shading and mon-
itor controls are centrally located in this con-
sole. At the extreme left part of the film
shading and monitor controls are also visible.

4

FIG. 27. Center
section of the WOR-
TV “Camera Control
Center” is devoted
to film camera con-
trols on right, and
master control pre.
view monitors with
remote control pan-
els at left. Small
windows face the
film projection room.
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FIG. 30. Floor plan layout of WOR-TV “Master Control” and “Camera

Control Center” showing the arrangement of the technical

Adjacent to the film projection room on
the second floor is located the combined
Camera Control Center and Master Con-
trol Room (see sketch of Fig. 30). This
is a large room approximately 24 feet by
51 feet. About one-third of this room is
taken up by the main operating console
space, one-third by the rack equipment,
and one-third for a small maintenance
shop.

The operating console is a large ‘“U”
shaped assembly of standard console sec-
tions (MI-26266). The side of the “U”
nearest the door contains all of the Master
Control switching facilities. The section
of the console facing the studios contains
all of the studio camera control units. The
section facing the Projection Room houses
the film camera control units and some
master control equipment.

Camera Control Section

In the Camera Control Center section
eight studio camera controls and two line
monitors form the section facing the stu-
dios. A window into the upper section of
each of the two large studios provide vis-
ibility for the camera control operators
into the studios. This is not considered
essential, but it was easy to provide. A

WOR-TV MASTER CONTROL

special feature of the Camera Control
Center is the camera cable patch panel
shown in the photograph. This is mounted
on the wall directly adjacent to the cam-
era control units. The sockets mounted on
this panel correspond to cables leading to
the various studios. Five cables lead to
Studio A, five to Studio B, two each to
the Announce Studios, D and E, and one
to the shop test bench. The camera cable
pigtails that plug into these sockets cor-
respond to the eight studio camera control
units. Thus, the eight camera controls can
be distributed in any combination among
the fifteen circuits to the various studios,
depending upon the program requirements
for that particular operation. This adds
greatly to the flexibility of the over-all
system, and enables us to take care of
most any special requirement that can
arise. It furthermore reduces the total num-
ber of camera chains required in such a
setup involving several studios. Also, in
case of trouble in the equipment during a
program or rehearsal, it is very easy to
patch in a spare camera control unit so
that the equipment in trouble can be re-
leased for maintenance. In addition to the
patching of the camera control units to
any of the studios, it is, of course, neces-
sary to patch the video outputs of the
camera controls on the jack panels to the

facilities.

corresponding program control room where
the switching is to be done.

Besides patching the video outputs of
the camera controls to the particular
switching systems involved, it is, of course,
important that tally circuit information
and intercom facilities for that camera and
camera control follow the particular com-
panion program console. For this purpose
a special tally and intercom patch panel
is provided directly above the video patch-
ing panels. Here, a three-circuit plug for
each of the studio and film camera chains
is provided with jacks corresponding to the
inputs on each of the three control room
switching systems so that any camera con-
trol can be set up on any input io any
of the three switching systems for tally
and intercom control.

At each section on the camera control
console is mounted an intercom box and
jack. This is tied in with the corresponding
camera intercom system. Thus, a camera
control operator may plug in a headset at
one of the sections he is working with and
have complete two-way intercom with the
video switcher down in the program con-
trol room that he is assigned to and also
with the cameraman. In addition, on a sep-
arate carphone he may listen to the pro-
gram audio from that studio.

A-37



Y

rp‘i'

FIG. 381. Front view oi the WOR.TV Master Control Switching Cecnsole which
consists of facilities for switching six inceming circuits to four outgoing channels.
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FIG. 33 Closeup of one of the
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trols, tclly lights and push but-
tons associated with one channel




WOR-TV MASTER CONTROL

The master control switching comprises
facilities for switching six incoming chan-
nels to four outgoing circuits. This is set
up for a pre-set system with provision for
either independent audio-video switching
or simultaneous audio-video switching as
required. All four outgoing channels may
be tripped by a single master button, or
any group can be switched together, leav-
ing out other channels. A picture monitor,
TM-5A is associated with each outgoing
channel in addition to an audio monitor
and VU meter. Controls on each outgoing
channel provide for the setting of video
and audio levels independently.

Master Switching (Thru TS-20A Relays)

Master switching is facilitated by the
use of the TS-20A video relay system
which frees control equipment and switch-
ing from usual operating restrictions. For
example, the relays are controlled by
simple d-c lines from any desired point.
Thus, push-button control panels are con-
veniently located for the operator, with
relays and associated equipment ‘“rack-
mounted,” as desired (see rack equipment
on following pages).

The actual switching control panel on
each outgoing channel is mounted in a
standard console housing section which is

(Continued)

made up as a unit with the audio switching
mounted on a chassis behind the panel (see
Fig. 32). In cases where simultaneous
audio-video switching is done, the switch-
ing is controlled by the video switching re-
lays, which in turn drive the audio switch-
ing relays from the tally contacts on the
video relays. The push buttons used for
pre-setting and switching control are made
up of a standard RCA push-button switch-
ing assembly mounted on an adapter panel.
The whole system comprises eight of the
standard console sections in width, and
makes a very flexible master control switch-
ing system. Only composite video signals
are handled here, such as the studio out-
puts, theatre, and remotes, so that no fad-
ing or lap dissolving is done. Switches are
made only at the end of a complete show
which comes from one of the studios.

Monitoring and Other Facilities

Two TM-5A Master Monitors located
in the console section to the right of the
master control switching console are used
as preview monitors for master control
switching. Each of these monitors can be
switched to any of the six inputs to the
master control switching for checking levels
and matching the outputs of the several
studios and remotes before they are actu-
ally switched to the outgoing lines. These

monitors are fed from two additional banks
on the master control relays (TS-20A). In
between these two TM-5A preview mon-
itors are located remote controls on six
stabilizing amplifiers. These are the stabil-
izing amplifiers that are used to feed the
normal inputs to the master control switch-
ing system. Therefore, at this one point it
is possible to adjust the synchronizing and
picture levels on each of the studio outputs
and all the remotes to the standard level
while watching the oscilloscope on the
TM-5A. It is also possible at this point
to check the phase of the vertical syn-
chronizing pulse on a remote coming in
with that of the local sync generator. This
is done by using the vertical driving pulse
from the local sync generators as a nega
tive blanking pulse on the grid of thr
cathode ray oscilloscope in the previev
monitor.

An adjacent console section houses re
mote controls on the synchronizing gen
erators. This consists of a remote control
sync generator switch, enabling a standby
sync generator to be switched in at this
point. In addition, two 60 cycle selsyns
provide a continuously variable phase for
the 60 cycle lock-in on each synchronizing
generator. A TG-45A Genlock unit has
been installed which enables the local sync
generators to be phased with a remote in-
coming signal line-by-line, as well as field-
by-field.

v.yto

TRANSFER

I.an

W USE - PRESET l
INTERLOCR (1) At
m use vioeo w usE
PLUS
AUD10
VIDEO TALLY LITES
PRESEY INTERLOCR
PRE SET PRE SEY (D] 4
2 VIDED TALLY LITES i
2 IN USE INTERUOCRS (6)] [
< VIDEO SWITCHING
RELAYS FOR 6
o @ @ @ @ VIDEO PICRUP 1 (PICRUP. 2) PROCAAM SOURCES
= TRANSFER INTERLOCRS (12) i A TCrNG BAT STANDARD RCA T$20A
§ YIDED SWITCHING BA
= STUDIOA__STUDIO B STUCIO C__"HEATRE __NEWO I __ WEWO 2] [owm VIDED
Z —_— . P JE—— = IN USE TALLY LITE
o ?‘ '?‘ '?' ‘? ?‘n ?‘ Bar 1 contacts 16
[v) ELEASE +BAT
('3 VIDEQ RELEASE AUDIO SWITCHING
R‘ BATTERY INTERLOCR {1} CONTACTS (6}
3 é ‘ ‘ ‘ © O
2 @ VIDEQ TRANSFER
[ETUBIG A STUDIO B STUDIO C___HEATRE __WEMO | __NEMO 2] RELAYS n7 689
» o0 -0 -0 OO
RELEASE
. =, AUDIO PICRUP
FIG. 34. Sxmphfied TRANSFLR INT|ERLOCRS (6) AUDIO SWITCHING
N ] CTRL INTERLOCKS (8)
schematic of Master = oG - oS - 8 auo0 swircning
] 'y EVIDEQ PLUS| BATTERY
Control Audio/Video wioeo IN USE | PRESET AUDIO TALLY | PICRUP
. . INTER{LOCK (1} LITE (3
Switching System .; AuDID t BAT :::d INTERLOCH () HOLD
showing the func- 2 rae ) s 9 Ees 53 AuDIO TaLLy | LiTES ST aloeo Lus
. PR T
tional controls and ey reR wTenLocs
interlocking system. ¢ I} —1 AUDIO SWITCHG
& AUOIO TALLY LITEd { CTRL RELAY %10
CZ> @ @ N USE INTERLOCK] & 1\
S | \
_ e
« STUDIO A STUDIO B STUDIO C__ THEATRE __NEMO NEMO 2] AUDIO AUDIO 1N USE TALLY \\
[TRANSFER| LITE CONTACTS (6}
g G060 0-—-0 80w all A\
3 [ RELEASE LN SFS AUDIO SW'TCHMING RELAYS
] R1I234586 FORS
PROGRAM SOURCES
(S0 MILLISECOND
\OPERAY( DELAY
STUDIO A STUDIO B STUDIO C__ THEATRE _ NEMD I NEMO 2] LEGEND
?__-_?___(?-__-?-——— 0——?—osn © ot Lienr
RELEASE 7 o O Pusw BUTTON
VIDEO AUDIO INDEPENDENT  LOCAL MASTER
TRANSFER TRANSFER CONTROL  TRANSFER  TRANSFER —— WINUMBER SIMILAR CIRCUITS REQUIRED
LS - ALTEANATE R & Rota - STRUTHERS-DUN RATCMET
13 " SEQUEMCE TYPE RELAYS
I 1 '!AV““( BREAR CAMS

YY) SWITLHING L

L
a o—a oBAT
MASTER TO NEXT

EONTROL PANEL™

CONTROLLED TRANSFE R CHANNEL
8Y VIDEO

=9

A-39



FIG. 35, View of the overall lineup of WOR-TV Master Control Equipment
Racks. Complete arrangements consist of four rows of ten racks each.

WOR-TV MASTER CONTROL EQUIPMENT RACKS

A total of forty equipment racks divided
into four rows house all of the power sup-
plies, amplifiers, synchronizing generators,
switching relays, patching facilities and
telephone company equipment for the
whole plant. The first row of equipment
racks is devoted to sync generators,
audio/video patching, stabilizing ampli-
fiers and distribution amplifiers.

In the second row of racks are located
the TS-20A video switching relays. A sep-
arate rack is assigned to each of the studio
switching systems and to the master con-
trol switching system. Besides the relays,
each rack contains the mixer amplifiers
used for fader application and for the pre-
view monitor sync mixing, and, in addi-
tion, the distribution amplifiers associated
with each studio switching svstem. Other
racks in this row contain the audio ampli-
fiers associated with the master control
switching.

The last two rows of racks contain
mainly power supplies. Approximately 150
power supplies are mounted here to pro-
vide power for ali monitors, amplifiers, and
camera chains in the plant. All a-c power
distribution to the rack equipment is car-
ried by means of 4 x 4 overhead ducts
from the main circuit breaker distribution

A-40

panel located on the wall in the Master
Control Room. “Greenfield” is used to
bring the a-c power down from the over-
head duct into each rack where required.
Within the rack the a-c power is distributed
through a 2 x 2 duct having pigtails
branching out at the appropriate points
with motor connectors to plug into the
power supplies.,

All d-c circuits and signal circuits are
fed out through the bottom of each rack
through trenches in the floor to the ap-
propriate equipment. Al WP-33B and
580-C pcwer supplies were slightly modi-
fiec to allow 115 volts a-c to be brought
out on the Jones connector as well as the
d-c circuits. Thus, only a single multi-
wire cable is required to take the complete
power from the Jones connector on the
power supply to the monitar in its console.
This eliminates the need for any junction
point at an intermediate terminal strip.
The whole installation was therefore con-
siderably simplifiec. A .020 inch copper
grounding strip 13 inches wide passes
through all trenches and each rack and
console housing is tied into this grounding
strip, which in turn is carried to the build-
ing ground. All external circuits to and
from Master Control are handled by tele-

phone lines, About twenty-four lines
are used for this purpose. These are
routed to and from various points in the
city, such as remote pickup points,
theatre studio, and two outgoing lines.




FIG. 36 tabove). First row of Master Control Racks
containing synchronizing generators, audio-video
patching, “TelCo” equipment, and amplifiers.

FIG. 39 (below). Fourth row of Master Con.
trol Racks which include the audio test equip-
ment and additional power supply equipment.

FIG. 37 (above).

FIG. 38 (below). Third row of Master Control Racks showing centralized power supplies for

Second row of Master Control Racks which house TS-20A Video Switching

Relays—one rack assigned to eack studio system,

monitors, amplifiers and WOR.TV camera chains.




Television Microphone Techniques’

any of the microphone techniques which have been
M successfully used on standard broadcasting may also
be used in television programming. From the standpoint
of microphone techniques, TV shows may be classified
into three major groups:

1. Programs, in which the visual presence of a micro-
phone or microphones is accepted as part of the
program (panel discussion shows, sporting events,
news programs and some types of interview pro-
grams, dance orchestras and small informal musical
productions, etc.).

2. Programs in which some microphones may be visible
while others are not (amateur programs, quiz pro-
grams and some variety programs).

3. Programs in which microphone appearance would be
a disturbing element (dramatic shows, large variety
programs and interview programs where an air of
informality is to be preserved, etc.).

The microphone techniques for shows in which the ap-
pearance of the microphone is not considered objectionable
are, in general, similar to usual sound broadcasting practice.
One important difference is that the microphone must not
obscure the artists or other important scenic elements.

It should be emphasized that no hard and fast rules can
be laid down for TV audio techniques, each situation must
be explored for its full potentialities. In all cases the final
criteria of achievement is the creation of an effect which is
judged to be most satisfactory.

Television, being a medium which combines sight and
sound for the creation of entertainment, necessarily leads
to a measure of compromise between the audio pickup
techniques and the visual requirements of the programs.
In general, such compromises place an additional burden
on those charged with the responsibility of obtaining the
optimum sound pickup; in a similar fashion, the audio
requirements frequently limit the scope of action of those
concerned principally with the visual elements of the pro-
gram. The ideal television program would, of course,
combine the best audio pickup with the most suitable
visual effects.

The direction taken by deviations from the ideal must
be dictated by the needs and scope of the program.
There would be no question that on a program featuring a
concert orchestra, the end product of which is the enjoy-
ment of good music, no compromise of sound quality would
be considered; however, many of the lovely creatures who
perhaps too frequently flit across the screens of the nation
can, in the opinion of many “experts,” be thoroughly en-
joved in complete silence! It is a safe assumption then,
that typical TV programs will present audio pickup prob-
lems somewhere between the two extremes described above.

* By Whitney M. Baston, NBC Engineer.
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Radio broadcasting has concentrated on the creation of
many illusions and effects through the medium of the
spoken voice. Delicate shades of meaning and emotional
states can, and are, artfully produced by trained voices.
The audiences have been conditioned to this circumstance
and this highly developed art has been understood and
enjoyed for many years. The techniques necessary to cap-
ture each subtle nuance of meaning in terms of tone shad-
ings would call for microphone placement, which despite
any of the visual requirements of TV, might be considered
as either undesirable or unnecessary in TV programming.
These subtleties can be conveyed perhaps more naturally
and effectively in TV by the facial reactions and movement
of the artist.

The audio man making the transition from sound broad-
casting to TV must be prepared to change his concepts to
meet the needs of the new art. It is almost axiomatic that
a TV program is never a radio show with cameras, but
rather an entity unto itself. The above does not suggest
that the audio man forego any attempt to obtain suitable
sound pickup in TV, but rather that he should be cautious
in applying sound-broadcasting standards to TV pro-
gramming.

Certainly, there is a very large area of agreement in the
general methods used to obtain good audio pickup in both
media. The audio man undertaking TV assignments will
draw heavily on his broadcast experience, but he should
also preserve an open mind to some of the seeming conflicts
which occur. Experience has shown that these men make
the transition easily and that their broadcast experience
is a distinct asset.

It has long been recognized that the ideal television
studio should be able to provide many different acoustic
conditions varying from outdoor scenes to interiors of
large halls and small living rooms. The current practice in
most instances is to keep the actual reverberation charac-
teristic of the studio as low as possible. The reverberant
effect furthermore helps to muffle to some extent the back-
ground noise from off-the-set activities. Liveness can then
be gained by the addition of hard flats which constitute
the scenery, sacrificing weight but retaining high frequency
reflections. The rather wide use of sets having hard surfaces
frequently alters the acoustic characteristics in the micro-
phone pickup area and suitable adiustments must be made
in microphone placement. Sometimes acoustic absorbent
flats are used as a band shell and enclosure to isolate an
orchestra from the cast when both groups are functioning
within the same television studio.

The types of microphones currently in use in television
range from the familiar broadcast types, such as the 77-D.
44-BX, to the new models like the BK-1A “Commen-
tator” and the new pencil type microphone exemplified
by the BK-4A “Starmaker.”

-
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The problem of sound pickup on TV programs includes
many considerations not present in sound broadcasting.
One of the most important points that must be considered is
that of unwanted noise which is the natural result of motion
of the actors, cameras, microphone boom, scenery, etc., all
necessary to the show, hut collectively a source of noise
which must be minimized if a successful sound pickup is to
result.

A convenient concept is to consider the existence of an
imaginary line drawn between the scene of action and the
camera. With this division, it will be found that a large
majority of the unwanted noise will originate on the camera
side of the line and almost all of the desired sounds irom
the particular scene will originate on the other side of the
line. Such a set of circumstances suggests the use of a
uni-directional micrephone. such as obtainable with the
RCA 77-D. A consideration of typical TV scenes would
suggest that the imaginary line referred to above would
shift from scene to scene, it is obvious then that the micro-
phone must be movable, The hoom provides the answer to
this problem: typical boom microphones are arranged so
that from one position of the boom the micrephone can be
moved a distance of ten feet and can swing in an arc of
280° with adjustable radius from 7 to 17 feet. In addition
to the horizontal mation, the microphone ean be raised and
lowered above and belsw the horizontal. The microphone is
thus capable of occupying various positions in a rather
large solid angle.

Approaching the ambient noise problem from a some-
what different phint of view the signal to noise ratio at the
microphone is determined by the ratio which exists between
the direct or desired sound and the unwanted sound. It
is obvious that an increase in the direet sound level will
be desirable. This can be done by following the action with
the boom microphone so that the distance between the
performer and the microphone is kept reasonably con-
stant at perhaps three feet or slightly more. The diree-
tional pattern most frequently used in TV is the uni-
directional pattern : however. many uses exist for bi-direc-
ticnal and spherical pickup patterns. Examples of typical
program setups given later will show uses for the several
patterns. In the foregoing somewhat over-simplified ex-
planation of the use of the boom microphone. no mention
was made of the practical day to day problems which
arise.

The usual use of a boom microphone is for scenes in
which the microphone should not be seen by the TV
audience (Figure 1). The scenes taken by the TV camera
will range from closeup to wide angle shots, so that a boom
microphone positioned for good sound pickup on a closeup
would be in the picture on a medium or wide angle shot. In
usual studio practice the audio engineer. or mixer. previews
the picture on a TV monitor and talks to the boom operator
over the inter-communication system advising him of the
position of his microphone and warning him if there is
danger of the microphone showing in the picture. 1f such
a danger should be present, and it invariably is, the boom
operator must either raise the microphone above the artist

FIG. 1. TV studio scene showing the use of a
“boom’’ microphone.

or “rack” the boom in, i.e.. shorten the length of the boom
arm. Obviousiy the change in the position of the boom
microphene will intluence the quality of the sound pickup.
Had the micraphone heen positioned near 10 the artist for
the eloseup, moving it up or away would cause a marked
change ia quality. [t iz the usual practice to anticipate
such changes and not hring the microphone too near the
artist on the closeup. sy that the change in quality, when the
microphone is moved, will not be too pronounced.

Consider a scene in which two persons are engaged in a
comversation and the action calls fo.r them to separate while
still carrying on the conversation. Such a case is usually
called a “split” and is kandled in several ways depending
on the circumstances. In some cases no preference is to be
given to either person as far as microphone pickup is con-
cerned: in this case. when the actors were close together
the microphone would be placed a reasonable distance
anay, so that when the “split™ occurs the quality will be
substantially the same as on the closeup.

Freguently, however, the boom operator is instructed
1o “favor one character or the other. A passilile examptle of
such a scene would be where a principal is seated and is
aporoached by a servant who says a few words when close,
and withdraws to the rear to answer a question. He-e,
since the servant is seen to go toward the background. a
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FIG. 2. Studio scene
illustrating the use
of the RCA “Star-
maker,” an unobtru.
sive microphone,

FiG. 3. Designed for rugged duty—the BK-1A proves itself
at the National Political Conventions.
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somewhat thinner quality would be expected and would
seem entirely natural, so that the boom micronphone would
not necessarily follow the servant. Other examples are
combinations involving a strong male voice and a rather
thin female voice, usually in such cases the weaker voice
is favored. In many instances one actor may be seated and
another standing so that the distance from the microphcne
to each actor must be acjusted by selecting a suitable com-
promise position. It is obvious that one microphone cannot
be expected to take care of all situations; in some in-
stances concealed micrcphones are used to pick up one
or more of the voices.

Where several microphones are required great care
should be exercised in selecting microphones of similar
effective frequency response characteristics to that of the
boom microphone to aveid a noticeable change in sound
quality in going from one microphane to the other. It is
also important that such changes be kept to an absolute
minimum because in most cases concealed microphores are
placed in close proximity to a variety of surfaces or abjects
which lead to serious wave interferences and undesirable
phasing effects.

Recently. great strices have been made in developing
unobtrusive microphones which are stvled to blend in
with the television scene without detracting from the
principal subjects. The BK-4A “Starmaker” ribbon-
pressure microphone was especially developed to fill this
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FIG. 4. Sample studio floor plan which may be used to plan “Mike” placement in advance.

requirement without sacrifice of high electrical and acous-
tical performance. Its slim contour makes it particularly
suitable for applications where the microphone must be
concealed in the scene, as in a bouquet of flowers or a
table lamp. The “Starmaker” is also well adapted to
audience participation shows where an announcer carries
the microphone to someone being questioned or inter-
viewed, as illustrated in Figure 2.

The BK-1A “Commentator” microphone, illustrated in
Figure 3 is a small, rugged pressure microphone also
styled to match the television scene. Rugged and insensi-
tive to wind mechanical shock, it is equally well suited
for audience participation shows where a hand held micro-
phone is desired, sports broadcasts, and round table panel
discussions.

One of the most serious problems faced in microphone
placement for television is the need to make the sound

accompanying the picture suit the apparent distances
shown. Two means are available in achieving the purpose
which sometimes is referred to as “sound perspective.”
One is by controlling the apparent reverberation either
electrically by the use of filter circuits or through an echo
chamber and the other is by control of the volume or loud-
ness level. Thus, if a camera is to be used to take a long
shot, the volume associated with it is turned down an ap-
propriate amount to produce the desired psychological
effect and the reverberation control opened to give an in-
crease in the apparent reverberation effect. Another scene
taken by a camera having a long focal length lens for a
closeup shot would require more direct sound and full
volume. Such a system implies an automatic switching ar-
rangement between camera and audio controls and is
necessarily complicated, requiring great skill and long re-
hearsals to avoid ludicrous effects which might completely
nullify the intent of the picture itself. Sometimes a solution
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is automatically obtained by merely raising the microphone
boom far enough to be out of the picture, giving the desired
over-all effect. The difficulty, however, lies in returning to
the subject on a “closeup” rapidly enough so as not to lose
the sound.

It is customary on the larger dramatic and variety pres-
entations for the audio engineer to attend the “dry re-
hearsal.”” This is effectively a meeting held by the produc-
tion staff, the technical director, the lighting director, and
the audio engineer. All concerned discuss-various points
concerning their special field of interest. At this meeting the
audio man sizes up the over-all situation and brings at-
tention to any trouble spots. Quite often the originally
planned boom moves may be very difficult, impractical, or
the element of risk too great; by discussing the problem
with the group, compromises may be worked out so that
before the actual rehearsal gets under way the audio man
has had an opportunity to make more definite plans for
boom placement, etc. When a “tight” situation develops,
for example, a change of microphone placement which
cannot safely be made in the time as originally alloted, the
director may rearrange the scene slightly to give the boom
man time to move.

The devices used to gain time are many and varied. One
example would be where a character on leaving a room
says, ‘“Goodnight " as he walks through the door; this scene
might be followed by action elsewhere on the set. The
boom microphone must be moved from the door to the
other action almost instantly. The scene may be rear-
ranged so that “Goodnight” is said while he is a few feet
from the door, he then turns, smiles and leaves. During the
period of silent action the boom operator has a chance to
make his move.

Many productions are carefully planned in advance and
a layout is prepared on a tloor plan of the studio which has
cross-section lines each representing one foot spacing so
that the position of sets, cameras, booms, etc., may be
outlined and trouble spots analyzed in advance. Figure 4
shows the floor plan of a typical studio. It is not unusual
for additional changes to be required but this method saves
time, particularly on larger shows.

The boom microphone positions and moves must be
made so as not to interfere with the freedom of movement
of the camera, artists, technicians, or other personnel. This
calls for very careful planning of each boom position neces-
sary for the particular show. Every effort should be made
to find locations for the boom which will permit a maximum
area to be covered with a minimum of boom moves. It is
also necessary to plan the moves so that after a run-through
the boom may be easily returned to its original position for
the beginning of the rehearsal or air show.

The use of the boom microphone on TV shows, moving
as it does from one position to the other, often leads to
hoom shadow problem. The boom should be positioned with
respect to the principal source of illumination so that the
microphone shadow does not fall on the faces of the artists,
on sets, or other places where it would be disturbing to
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the scene. The lighting man and the boom man must work
out the problem so that shadow-free shots are obtained.

On large shows where many boom positions are used it is
customary for the boom man to mark the boom positions
on the studio floor, so that after the rehearsal the boom can
he placed in the exact position for the air show, The boom
must compete with camera, sets, props, etc., for floor space.
Where fast boom transitions are to be made, it is imperative
that the boom be accurately positioned. I'igure S shows a
layout of a typical television studio as used for an average
network show.

Some examples of shows in which the microphone is
visible in the picture and which are generally handled very
similar to radio programs are “\Who Said That,” a panel
tvpe of show in which 77-) microphones are placed in
wells in the panel table and while inconspicuous are actually
visible: “Americana,” a quiz type of program in which
77-D microphones were concealed in school desks. Figure 6
shows the “Starmaker’” used on an informal interview
program.

The Ford show, featuring Kay Kayser, used boom
microphones for skits, etc.. and visible microphones for the
orchestra. The interviews hetween the MC and the con-
testants were picked up by a 77-D placed on the lectern in
full view of the audience. The “l.ucky Strike Hit Parade”
uses some visible orchestra microphones, while the balance
of the show is picked up either on boom microphones or
other concealed microphones. News programs usually fea-
ture visible microphones and are quite similar to the radio
counterpart in presentation. Most of the simpler dramatic
programs are done entirely by boom microphones and occa-
sional transition microphones.

Some of the larger dramatic shows, such as Philco
Playhouse, and Kraft Television Theater, etc., often use
as many as three boom microphones and in many cases a
total of ten or more microphones. Programs which feature
vocalists who accompany themselves on the piano fre-
(uently open at the piano and after a short interlude the
vocalist leaves the piano, often continuing the song to the
accompaniment of a small orchestral group. To cover the
transition, a microphone is placed just above the kevboard
of the piano on the far side away from the camera. The two
microphones should be of the same type so that when the
artist rises from the piano and the boom microphone takes
over to follow the subsequent action no noticable change
in quality is evident.

Some typical examples of concealed microphones place-
ment which have been used are as follows: action calls for a
character to talk into old fashioned wall type telephone
located near a corner, a microphone on a regular stand was
set up next to the telephone but just around corner, in this
particular scene only a small area around the phone was
visible so that microphone did not appear. The more
obvious methods of concealment such as behind books on
desk or table, behind flower, etc., are frequently used.
Where foliage is used on sets, the pencil type microphones
have been concealed in bushes and trees, etc.

)
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FIG. 5. Layout of a typical TV studio as

In one dressing table scene, a microphoue was concealed
ir a box used for cleansing tissues, in another scene of a
theatrical dressing table, the micrcphone was placed near
the mirror and was concealed by placing a few telegrams in
the mirror frame, this is a customary habit of theatrical
people and the appearance of the telegrams in the picture
would be perfectly natural. Perhaps this illustration points
out an important idea in concealed microphone placement
—seek some perfectly natural object to shield the micro-
phone from view. A pencil type micrephone concealed in a
corsage of flowers has been used very successfully in some
scenes. This type of microphnne has also been concealed
behind a man’s tie, the camera avoided the lower portion
oi the artist’s body so that the microphone cord was not
seen.

On one program which features a ventriloquist and his
friend, interviews are held with members of the audience
who are directed to a chair on stage, the microphone is
placed behind the ckair sut of view but in good position to
pick np both the guest and the performer. In presenting a
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used for an average network show.

ventriloquist’s show, the audio-man has been known to
hring the boom microphone closer to the dummy for its part
of the dialogue. a perfectly natural mistake.

Once in a while the selection of a place of concealment
leads to a situation which earns a chuckle when retold, but
which is not so humorous at air time. In a scene on one of
the largest shows on the air, a vocalist was shown singing
a sorg while lving on the grass in a typical hill-billy scene
—to add a touch of rural atmosphere, a live goat was on
stage also in the scene. The microphone used for this pickup
was hidden behind a log: during the song, impelled by
motives of his own, the goat started to lick the microphone
— the resulting sounds were not exactly musical.

No hard and fast rules can be stated for correct micro-
phane placement, but some general principles can be out-
lined. 'The hoom microphane usually is placed from three
to five feet in front, and about two feet above an artist. with
the icrophone inclined at a 45° angle. It is the usual
custom to use the 77-1 microphone with its uni-directional
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pattern and in one of the voice positions. This setting is
also quite common for musical pickup, largely because of
the increase in pickup of extraneous noise which is pre-
valent during most TV programs.

During rehearsal or during unrehearsed programs the
boom microphone is often inclined so as to be almost
parallel to the floor; this lessens the discriminations between
sounds from several sources, and while it does not give
optimum results, it greatly reduces the number of moves
necessary during a rehearsal.

Rapid movement of the boom microphone should be
avoided because of air noise, caused by air rushing past the
ribbon. In working too close to several subjects, rapid
turning of the microphone should be avoided because of
mechanical noise caused by the motion of the microphone
hanger.

Because of the ever present danger of a microphone ap-
pearing in the scene, it is a natural reaction for many boom
men to keep the microphone high, even when a better
pickup would be possible. As an aid to detecting the hoom
before it actually is seen in a shot, some engineers attach a
piece of string about a foot long to the microphone. in this
way the string appears in time to give a warning.

During the average T\ show the microphone will be
used on closeups and may be quite close to the camera.
If the camera blower motor is running its noise may be
heard. It is customary to turn off the blower before such
a scene. Some instances have occurred in which the fila-
ment of lamps in lighting fixtures has made a singing
noise (this usually indicates a defective lamp) which
when picked up by the microphone can be very annoving.

A word of caution is in order, the boom microphone is
(uite heavy and in the course of its operation care must be
exercised to see that both ends have freedom of motion.
The counter-weight may strike a person while it is being
swung around during the operation of the boom. The
counter-weights which balance the microphone should be
adjusted carefully for the particular microphone used, if
this is not done the boom will be unbalanced and will be
difficult to handle. If the counter-weight is too light the
microphone will drop downward when the locking screw is
released, and may inflict injury on persons beneath it.

Acknowledgment is due Mr. H. Gurin of NBC for much
of the information contained herein, also to the many en-
gineers in NBC who have contributed many of the actual
examples included.

FIG. 6. Studio scene
showing the use of
the “Starmaker”
mike in an informal
interview,



TELEVISION STUDIO ACOUSTICS

Sound recording in television studios dif-
fers from that in radio studios chiefly by
the greater microphone distances which
have to be emploved to keep the pick-up
device outside the camera angle. In order
to maintain, for maximum intelligibility,
a low enough ratio of reflected to direct
sound at the microphone, the reverberation
time in television studios must be made
considerably shorter. This applies both to
the television stage proper, as well as to
any auditorium area, if such exists.

The acoustic treatment of the stage
should be highly absorbent as well as
durable and fire-proof. I’erforated hard-
board or asbestos board backed by 2 inches
of rock wool constitutes an effective treat-
ment, if large flat surfaces of the board
are avoided. A large perforated hardboard
panel gives rise to very pronounced high
frequency echoes, even when the board is
backed by rock wool. For this reason it
is desirable to install the material on the
stage walls and ceiling in the form of tri-
angular corrugations, none wider than 3
feet, and at least 6 inches deep; or better
still, to apply it in the form of cylindrical
sections. In this manner the sound becomes
dispersed, and the effect of echoes is re-

duced to a negligible degree. As is well
known, the wavefront of a beam of sound
reflected from a convex surface is consid-
erably longer than that from an equally
large flat surface, provided that the wave-
length of the incident sound is small com-
pared to the dimensions of the reflecting
surface. Fig. 1 shows this relationship
graphically, and it is seen that the wave-
front reflected from the convex splay is,
for the condition illustrated, several times
longer than the sum of the two reflected
from the flat panels. The figure shows also
the construction of the wavefronts, anal-
ogous to the optical case. The center of
the reflected wavefront coming from the
curved surface is one-half the radius of the
convex splay (assuming the source to be
at some distance from the surface).

Fig. 2 shows how, in Television Studio
E at NBC Hollywood, a convex reflective
stage splay is being planned to be con-
verted to a convex absorptive splay em-
ploying perforated hardboard for the
“facing” and 2 inches of rock wool for
the sound absorbent. This studio had
previously been used for radio programs

only, and was found to be too live for
television programs.

Many television programs employ the
music of a band for accompaniment or
effect. If the orchestra is placed in front
of the stage, the intelligibility of the per-
formers’ dialogue is sometimes markedly
reduced in the auditorium during high
music levels. This is so even when the
transmitted program has considerable in-
telligibility, because music and dialogue
microphones can be controlled individually,
although in small rooms and at moderately
high music levels it may become difficult
to secure enough acoustic separation be-
tween speech and music at the dialogue
microphone to obtain there an adequate
balance.

For this reason an orchestra pit or lat-
eral placement of the band in the room is
desirable. The latter means is not too effec-
tive, since some scenes may at times have
to be laid on the same side of the room
where the orchestra is located. An orchestra
pit, on the other hand, may extend partly

* By M. Rettinger, RCA Victor Division,
Radio Corporation of America, Hollywood, Cal.

SOURCE

FIG. 1. Vector diagram illustrating the relationship between
wavefronts resulting from convex and from flat surfaces.
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below the stage, and provides considerable
acoustic screening between the individual
pick-up units.

It is a frequent complaint of television
program attendants that their attention is
distracted and their sight to the stage ob-
structed by the various booms and lights
and their operators on the stage. For this
reason it may be desirable to have a sus-
pended platform along each side of the
stage some 10 or 12 feet high on which
these devices can be placed, together with
the personnel. At the KECA Studio in
Hollvwood, for instance, (previously the
“Tom Brennaman Breakfast Studio” and
converted by the writer), the sides of the
stage are dressing rooms, the roofs of
which are strong enough to accommodate
light, booms, and operators.

Television cameras appear far less dis-
turbing, however, and may be assumed to
be part of the show. Even so, an audi-
torium level which is higher than the stage
does much to improve observation for the
spectators as shown in Iig. 3. For this rea-

PERFORATED
HARDWOOD

son, television studios of the future, which
are intended to accommodate an audience,
may have a balcony, even when the studio
is not very large.

No less important than the acoustic
treatment of the stage is that of the audi-
torium proper. Durability of wall and ceil-
ing treatment appears somewhat less im-
portant in this part of the studio, however,
while decorativeness or appearance become
more significant. For this reason a fire-
proof tile which is soft, and hence a good
low-frequency absorbent, represents a de-
sirable material. Many such products can
be painted without impairing their ab-
sorptivitv, quite unlike porous ceramic
tiles.

Much as in a theatre, the rear wall
should carry the most effective treatment.
The side-walls as well as the ceiling should
be covered with sufficient treatment to se-
cure in the house a reverberation time no
longer than two-thirds that accorded to the
auditorium were it used for radio shows
only. Needless to say, the rear wall should

FIG. 2. Cross-sectional
diagram showing how
NBC's Hollywood TV
Studio construction is
planned to be con-
verted to a convex
absorptive splay.

2" RockwoOL
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not be made concave, even when it is in-
tended to treat it heavily acoustically, and
the side-walls should not be parallel hut
should be angled and,/or splayved.!

Television stages without audience ac-
commodations should have as low a re-
verberation time as possible. The reason
for this is that, in general the ratio of
(set-) reflected-to-direct sound at the mi-
crophone is sufficiently high to provide
enough of an impression of reverberation
quality so that the pictured scene will
have a natural character. If the stage walls
are insufficiently absorptive, the added re-
flections will tend, not only to destroy the
illusion of the picture, but also to reduce
the intelligibility of the dialogue. It has,
therefore, become almost customary to line
the stage walls either by nailing a 2 inch
rock wool blanket to the wall studs or by
packing the space between the studs with
rock wool. As a protective measure, mus-
lin and wire mesh are usually applied over
the wool. Fiberboard, hair felt, cork, acous-
tic plaster, etc., are useless for the purpose
of treating the stage acousticallv. A glance
through absorptivity tables of acoustic
materials will quickly show that mineral
wool, also called rock wool, has by far
the highest absorption for the frequencies
in the recording spectrum,

Rock wool is made by melting silica and
other compounds (notably magnesia, alu-
mina, and lime) and shredding the molten
mass into fine fibers by one of many
patented processes. Some manufacturers
prefer to use glass for the raw material.
calling the final product either glass wool
or referring to it by a trademarked name
(Red Top Insulating Wool  for instance).
This type of wool is characterized by a
relatively low density (1.5-3 pounds per
cubic foot) and a very clean, white ap-
pearance. Ordinary mineral wool varies in
density from 3 to 12 pounds per cubic foot.
the average run being 7.5 pounds per cubic
foot. In color, it ranges from a very dark
gray, almost black, to a white resembling
that of glass wool. The density of the mate-
rial has a considerable bearing on its ab-
sorptivity, the light wools being less ab-
sorptive than those of higher density.

Regarding its color, it can be said that
dark wool indicates the presence of cer-
tain elements (phosphorus, sulfur, etc.) or
the lack of silica, which may have a bear-
ing on the longevity of the wool. A recently
examined installation of very dark wool

1For further details of auditorium design.
see “Applied Architectural Acoustics.” by M.
Rettinger, Chemical Publishing Company,
Brooklyn 2, N. Y.



in a motion picture sound stage over
twelve years old, showed that a consider-
able portion of the wool had disintegrated
and had settled, in a more or less powdery
form, to the lower portions of the struc-
ture, However, other portions of the same
installation, either because of less contact
with a moist atmosphere or because less
subject to vibrations, had stood up con-
siderably better.

Regarding the texture of the wool, so-
called shot (solid globules of material) is
of course useless for sound-absorptive pur-
poses. Studio specifications usually exclude
wool with shot having a diameter in ex-
cess of 14 inch. Another shot restriction
excludes wool having solids in excess of
30 percent by weight or 2 percent by
volume.

The preferred method of applying rock
wool to stage walls consists in nailing
2-inch thick blankets directly to the studs
of the walls, rather than packing the space
between the studs with the wool. The lat-
ter method is undesirable from a work-
man’s point of view (since the incident
mineral dust is injurious to skin and lungs),
and also because it provides neither in-
creased absorptivity nor a saving in cost.
This is true even in the case where the
blanket carries heavy wrapping paper on
one side (the one facing the studs) and
muslin on the other, instead of muslin on
both sides, as did the early and more
expensively manufactured mineral wool
blankets. The use of the paper in no way
detracts from the absorptivity of the prod-
uct, and even tends to increase it at the
low frequencies. Some manufacturers (par-
ticularly of low-density wool) glue the
paper to the wool, and then merely stretch
muslin over the face of the blanket after
its application to the studs. I'or heavier
wools, however, muslin and paper are
sewed together, approximately every four
inches, with a special sewing machine, the
stitch running the length of the (usually)
four-foot-wide and fifteen-foot-long blan-
ket. The tvpe of paper used varies from
forty-pound (per ream) basis Kraft paper
to the very strong sixty-pound paper. The
muslin is frequently specified as 44-40
count, weighing six ounces per square yard.

If a blanket has been fabricated this
way, it can be nailed to the studs with
ordinary box nails, although so-called
foundry nails (large-headed nails) are
sometimes thought to provide greater se-
curity. Certainly the use of 1-inch diameter
tin washers in conjunction with the nails
to give greater security to the installation
appears superfluous, judging from the
many blankets which have been nailed

FIG. 3. An auditorium level higher than that of the stage and the removal of mike
booms and lights to a raised level at the sides improves the viewing for spectators.

to the studs with no more than 2V3-inch
long plasterboard nails 2 feet on center.

The use of a wire mesh over the blanket
for protective purposes is recommended.
This mesh need not extend from floor to
ceiling, but may be applied to a height of
approximately 16 feet from the floor.
Ordinary 1%5-inch chicken-wire is fre-
quently employed for the purpose, although
l-inch hexagonal wire mesh (somewhat
more expensive) is used by some studios.
A 6-inch baseboard and a 2-inch by 6-inch
nailer 4 feet from the floor usually com-
plete the treatment of such a stage wall.

If for any reason the recorded dialogue
is to sound reverberant, this can be ac-
complished by means of a reverberation
chamber. The sound is reproduced in this
chamber and the output from a microphone
in it is mixed with the original. Unlike
other methods, electrical or mechanical, of
adding a reverberating note to a record-
ing, the chamber method provides both the
proper growth characteristic and the decay
quality of sound in a live enclosure. Delay
networks, magnetic tape recordings, and
other devices for achieving synthetic re-
verberation usually permit only provision
for the decay characteristic; no attempt is
made to introduce the growth character-
istic since the latter is held less essential
in an approach to total reverberation.

The following recommendations for re-
ducing acoustic difficulties on television
sets are presented as a guide in set design
to reduce sound pick-up difficulties often
encountered during programs.

1.

All alcoves, window recesses, concave
spaces of any type, should be made of
cloth to eliminate boominess.

. Avoid parallel walls in sets such as

kitchens, offices, boat interiors, etc., un-
less opposite walls are made of cloth.
When opposite hard walls are angled,
the slope should come to 1 foot in 10
feet.

. Where ceilings are used, they should be

made of cloth. It may be noted that
dialogue can well be recorded by plac-
ing the microphone on the other side of
the “ceiling” that is, above the thin
cloth representing the ceiling.

. Whenever possible, the treads of stair-

ways should be covered with soft mate-
rial and the stairs so constructed as to
eliminate squeaks.

. The use of glass in windows should be

kept to a minimum. Wherever possible,
black gauze or narrow glass borders
should be used. Large plane surfaces re-
flect a large percent of the incident
sound which reinforces the direct sound,
particularly at the low frequencies,
causing these frequencies to be over-
accentuated. Indeed, “boominess” of re-
corded dialogue is probably the most
common acoustic defect experienced on
television sets.

. Noise from footsteps, vehicles, etc., on

gravel walks can be reduced through the
use of chipped cork in place of gravel,
which gives the identical appearance of
gravel when televised.
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STUDIO PICKUP TECHNIQUE

Progress in the engineering development
of broadcasting equipment and studios has
been greatly accelerated in the last decade,
and noteworthy contributions have been
made in this field.! As a result. the expec-
tations of higher standards of technical
perfection and performance may be justi-
fied. The usefulness of any improvement
is premised on the skill with which this
information can be applied so that the
quality of the performance can keep pace
with technical advances placed at one’s
command.

In broadcasting, whether it is AM or
TV, the primary purpose is to bring to
the listener, in the most pleasing and in-
telligible manner, whatever information
may be transmitted. For speech, one would
normally look for intelligibility and nat-
uralness of the reproduced sound so that
a mental picture of the person and his
surroundings may be formed as well as the
message being clearly understood. In music,
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faithful reproduction witkout distortion
and the enhancement of musical programs
to heighten the listeners’ personal pleasure
are the major objectives.

The transmission of sound from a broad-
casting studio, to achieve the results men-
tioned above, involves a number of tech-
nical factors among which are:

a. The acoustics of the studio.

b. Tke electrical system characteristics,
(amplifiers, filters, microphaones, etc.).

c. The studio pickup and microphone
technique.

It is with the last mentioned item that
this article is primarily e¢oncerned, and
only some comments will be made of the
first two factors. Since the program is to
originate in a broadcasting studio of con-
ventional design, it is assumed that: (1)
the frequency/reverberation time charac-
teristic of the space is acceptable, (2) that
the volume is adequate for the intended
programis and audiences, if any, (3) that

the diffusion of the sound field obtained
by proper acoustic treatment and geo-
metrical configuration is satisfactory and
that no unusual grouping of resonant fre-
quencies exists.? It is further assumed that
in the electrical system3 (1) there is no
discrimination in any of the component
parts against any frequency within the
range under consideration unless specific-
ally desired for special effects, (2) there is
a minimum of phase distortion, (3) there
is a minimum of harmonic distortion, (4)
there is a minimum of extraneous noise.

* By . M. Gurin, Engineering Department,
National Broadcasting Co.

1 Nygren, A.—FM and Television, May 1946,
Vol. 6, No. 5, p. 25; Voikmann, j. E—Journal
of Acoustical Socicty of America X1II 234
(1942) : Olson, H. F.—RCA Re¢view, Vol. 1,
No. 4, p. 68 (1937); Olson & Massa, “Applied
Acoustics,” P. Blakiston Sons, Philadelphia.

2 Morse, P. M. & Bott, R. H—Rez. Mod.
Phys. XVI, 69, 1944,

3 NBC Engineering Department Bulletin—
“Down to Earth on High Fidelity”—O. B.
Hanson, C. A. Rackey, G. M. Nixon.



Studio Pickup Technique
. TABLE |
Of the factors listed, probably the most
controversial is that relating to studio General Properties and Characteristics of Microphones
pickup technique, which includes the ap- Frequency Ovutput Output Directional
. . q del T R e d I* h e
pllcatlons and placement Of mlcrophones Mode ype esponse Impedance Leve! Characteristics
and performers. It is important to remem- RCA Ribbon 30—15,000 30/150/250%
q q 44-BX Velocity +6 db 55 wu Bi-directional
ber that the system we are dealing with . J
: . q: 9o RCA Combination 30—15,000 54.3 vu Bi-directional
is monaural and lacks the ability to dis 77D Ribbon Velocity +5 db 30/150/250+F -~ 57.3 vu Uni-directional
criminate as to the location of a sound, e 60.3 vu Non-directional
although it can differentiate as to apparent RCA Pressure 60—10,000 30/150/250 53w Semi-directional
distance between the source of sound and BK-1A {moving coil) +5 db
the microphone. RCA Ribbon 70--15,000 30/150/250 60 wu Non-directional
p
BK-4A Pressure +5 db
, . .
When sound is generated in a space, the WE Pressure 50— 9,000 20 59 wu Non-directional
collecting system, via the microphones, is 633-A {moving coil) +3 db
generally so oriented that the first sounds WE Combination 40—10,000 35 55 w Uni-directional
come from the source directly and are fol- 639-A Ribbon Velocity +4 db gl] vu ?qi-dirg.ctional |
- f
lowed by the sound reflected from the S v on-directiona
i : WE Condenser 50—15,000 (Amp. Out.) {Amp. Out.) Uni-directional
ClLGONIT surfaFes. Wi (1 ElbSrpe) (with assoc. +6 db 30- 50/200 45 wu Bi-directional
between boundaries equals the output of amplifier) 250 Non-directional
the source, the steady state condition is _—
reached. The ratio of reflected to direct * Input level of 10 dynes/cm2.
- - . ** ’ 1 1
sound is considered the effective reverbera- Manufacturer's specifications.
. . ;! + Earlier models were 50/250.
tion of the collected sound. Tt is obvious ++ Earlier models were 50/250/600
that an increase in the total number of

reflections reduces the energy density of
each reflection and permits a more uniform
and diffusive sound field to exist.

TABLE 1 (above). General properties and characteristics of micropbones.

The .proport!on of . reflected 'tO direct FIG. 1 (below). Ratio of reflected to direct sound energy with respect to
sound in a pickup is determined only distance from a ribbon velocity microphone.

partly by the acoustical characteristics of
the studio. The directional character of the
sound source and the receptive angle of
the microphone used as well as its distance
from the source are also important.

Fig. 1 illustrates the relationship of re-
flected to direct sound energy, E./E,
with respect to distance of the sound source
from a ribbon velocity microphone in a
suitably treated studio for frequencies be-
tween 200 and 1000 cycles. It is readily
apparent that any enhancement of the
tonal quality of a singer or instrumentalist
by the acoustical properties of the studio
is negligible when the performer is too
close to the microphone. Fig. 2 shows the
energy response for various microphones
in a typical studio.

-
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Since most musical sounds and human
voices produce sound waves of a compli-
cated series of harmonics, each with a dif-
ferent wavelength, frequency, and ampli-
tude, two or more microphones placed at
unequal distances from the source of the
waves will receive them successively, rather
than simultaneously. The time interval will
cause the composite wave to present a dif-
ferent arrangement of its harmonics to each
microphone at a given instant. If the out-
puts of these microphones are then blended
and reproduced by a single loudspeaker,

DISTANCE IN FEET
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the results manifest themselves as raspi-
ness and raucous tones, particularly at the
higher frequencies. It is for this reason that
single mike pickups are recommended, par-
ticularly for musical programs. However,
if multiple microphones are required to
obtain full coverage, considerable care must
be exercised to avoid distortion caused by
wave interference and phasing.

A general understanding of the charac-
teristics of the microphones commonly used
in broadcasting is of material assistance in
selecting the proper type for a specific task
to obtain optimum results. The tabulation,
Table 1, shows the general properties and
characteristics of several such microphones.

I'igs. 3-4 graphically show the direc-
tional and frequency response character-
istics of the RCA-44-BX ribbon velocity
microphone. Fig. 5 illustrates the RCA-
77-D combination velocity and pressure
microphone characteristics.

The acceptability of the final outcome
depends in a large measure on the subjec-
tive reaction of the individual responsible
for the performance as well as on the
listener, and for this reason no hard and
fast rules can be established. Instead, some
illustrations will be given in which various
acoustical problems have been met and
from which general principles may be
derived as a guide to acceptable practice.

When an interview for an individual is
conducted or a brief address is being de-
livered from a small speaker’s studio, a
bi-directional microphone can be used,
from both sides if necessary. The recep-
tive sides of the microphone should be
located at least 8 feet from the nearest
reflecting wall so that no distortion due
to wave interference results. Since the
major portion of the sound is direct, as it
should be, when articulation is important,
the reverberation time should be low. This
condition may be carried too far, and some-
times sounds artificial and unrealistic.
Under practical application, the apparent
reverberation may be increased by increas-
ing the microphone distance from the
speaker, thereby increasing the ratio of
retflected to direct sound at the pickup
point. The bi-directional microphone is
particularly suitable for a speaker in a
“dead” studio, because the microphone
responds to sounds originating both in
front and behind it, thereby increasing the
apparent reverberation. Of course, where
the background noise is excessive or the
studio reverberation time is high, a uni-
directional microphone which discriminates
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acoustical character of the space from
which the program originates are too im-
portant to be neglected.

The varying directional characteristics
of the orchestral instruments themselves
must be considered; for example, strings,
woodwinds and percussion are practically
non-directional, while brasses project
strongly in the direction of their bells.
Since the microphone is essentially mon-
aural, it is strongly affected by the direc-
tivity of the instruments and since the
apparent volume of sound at a given angle
is inversely proportional to the distance of
the source from the microphone, the strings
should be placed nearest and well within
the effective response angle of the micro-
phone in use. On the other hand, the per-
cussions are not only non-directional, but
capable of almost unlimited volume. Con-
sequently, they should be located at the
maximum distance and anywhere within
the limits of the response angle. It will be
noted that this arrangement is quite similar
to the usual concert seating plan.

When a soloist is accompanied by an

FIG. 11 (above).

11 and 12, are the seating plan and micro-

phone position for the NBC Symphony
Orchestra.

The optimum distance and height of
the microphone in any pick-up can be
determined when all the factors, such as

FIG. 12 (below). Microphone elevation and platforms for orchestra for NBC Symphony.

Arrangement and microphone placement for symphony orchestra and soloist.

acoustical conditions, random noise, size
and character of performing group, type
of microphone selected, etc., are known.
Laudable efforts* have been made in set-
ting up some mathematical basis for deter-
mining the position but the elements of
personal judgment plus the individual

FIG. 13 (below).

orchestra, the pick-up for the orchestra
remains the same as described above, but
the soloist may have a separate micro-
phone, and placed so that its position
toward the orchestra is at its minimum
response angle as shown in Fig. 11. Fre-
quently, in the case of instrumentalists or
vocalists with strong, well-projected voices,

4 J. P. Maxfield—“Liveness in Broadcasting”
—IV. E. Oscillator, Jan. 1947,

Microphone pickup for small concert orchestra.
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additional microphones are not required,
and the orchestra mike serves as the sole
pick-up.

Smaller Groups

For smaller groups, such as a salon
orchestra or 20 to 30 piece orchestra, the
fundamental treatment is the same as pre-
viously described. The principles of direc-
tivity and volume of the instruments must
be kept in mind, and the weaker, non-
directional strings, woodwinds, etc., placed
in a correspondingly more favorable loca-
tion, as illustrated in Fig. 13.

A departure from the single microphone
pickup for a musical group is frequently
justified when a popular dance band is
being broadcast. The use of multiple micro-
phones in many cases is absolutely neces-
sary. \When the program originates in
night-clubs, hotels, ballrooms, etc., con-
siderable random noise exists. As a result,
it is necessary to place the mike as close
to the source as possible to exclude the
unwanted noise. Because of the proximity
of the microphone to the band, all the
instruments cannot be included within its
effective response angle, and additional
microphones are necessary to obtain full
coverage.

Another equally important reason for
the use of multiple microphones with a
dance band is the prominent use of low
volume sounds such as a muted trumpet
or trombone, and other special effects,
which are an inherent part of the musical
content itself. Frequently a rhythm sec-
tion, consisting of piano, drums, bass viol,
and guitar are grouped together and sepa-
rated from the brass and strings. Becausc
of these special effects, a popular singer
almost always requires his own micro-
phone. Two illustrations at right, Figs. 14
and 135, show the setup for popular dance
bands with and without a vocalist. In most
cases, the special effects achieved by use
of multiple mikes are considered more im-
portant than any detrimental effects due
to wave interference.

The foregoing principles as to methods
and applications constitute only an out-
line and indicate the results that might be
expected using the various pick-ups, micro-
phones, and acoustical conditions. They
are intended as a guide rather than strictly
formulated rules. There is no known sub-
stitute yet for individual judgment, taste,
or listeners’ reactions, which are the prin-
cipal guides in achieving the optimum
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FIG. 14 (above).

results. The success of everv broadcast
depends on sound fundamental principles
intelligently applied with flexibility and
originality, taking full advantage of every
technical advance to meet the needs of a
particular situation. In this way, only, can
the skill in technique of broadcasting keep
pace with the engineering developments so
frequently being provided.

FIG. 15 (below).
microphone.

Typical arrangement for dance orchestra.

The author wishes to acknowledge the
generous help of the NBC staff and is
particularly indebted to Rinehart and
Company for permission to reproduce Figs.
9 to 15 from their current book ‘“Broad-
casting Music,” by E. La Prade (1947).

Thanks are hereby extended to Audio
Engineering for artwork and additional
material.

Microphone pickup for dance orchestra with strings and a vocalist. A—Principal
B—Vocalist's microphone. Other microphones for group accentuation.

DRUMS

BASS

ICOND,

>

A-59




FIG. 1. Floor plan of building de-

signed to house studios, trans.

mitter, offices and other facilities
of a small television station.
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FIG. 2. More elaborate facilities
can be added to building shown
in Fig. 1 to make provision for
expanding activities of a tele-

vision station.

PLANNING RADIO AND

TELEVISION

The planning of sound and television
broadcast studios requires very careful
consideration and coordination of a num-
ber of technical and economical factors
to insure the satisfaction of present and
anticipated requirements and the provision
of sufficient means to accommodate future
needs. The size of the plant, the number
of studios, and similar questions must be
answered, in large part by the station man-
agement itself as it is best equipped to
determine whether it will originate a large
number of live talent programs, use re-
corded material to a considerable extent,
or rely to an appreciable degree on receiv-
ing programs from a network.

The general technical problems involved
in the selection of the studio plant loca-

tion are in the main quite similar whether
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the plant is for sound or television broad-
casting. Television studio broadcasts in-
volve scenery, props or appreciable size,
etc., which must be conveyed to the
studio, removed from it and stored so that
convenient location near the ground level
is to be preferred. Television broadcasting,
where live talent studios are involved, will
occupy about 3 or 4 times as much space
as sound broadcasting, consequently, eco-
nomic considerations may dictate lower
rental space or more economical land.
There is no fundamental difference be-
tween the planning of Standard (AM)
Broadcasting and Frequency Modulation
(FM) Broadcast studio facilities as the
difference between these two types of
broadcasting occur in the RF portion of
the link between the studio and the
listener.

STUDIOS

Space

There is considerable experience in
sound broadcasting to indicate the space
required for the studio plant. The number,
size, and types of studios selected influ-
ence space requirements particularly if an
appreciable audience is to be admitted to
the broadcast. The number and type of
studios planned should be adequate to
accommodate the contemplated types and
sizes of performing groups with an ade-
quate allowance for rehearsal time. The
total floor space required for the plant
varies considerably dependent on the
building but is usually 3 to 6 times the
area of the studio space.

There is not yet the background or ex-
perience in television broadcasting as in

_ * By George M. Nixon, Manager, Engineer-
ing Development, National Broadcasting Co.,
Inc., New York.
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sound broadcasting to indicate as definitely
the amount of space required except to
state generally that, where an appreciable
number of live talent programs are to be
originated the space requirements will be
about 3 to 4 times that of sound broad-
castirg. It is most important in planning
that provision be made for future space
expansion so that as television broadcast-
ing develops and grows the plant may keep
pace with its growth,

LOUDNESS CONTOURS

There are two main ways in which the
studio plant may be developed.

(a) The horizontal plan
(b) The vertical plan.

The horizontal plan which involves the
location of the studios on the same level
is adaptable to existing structures for
small plants, but larger plants would re-
quire the erection of a building specifically
designed to house the studios. The larger

LOUDNESS
h20”” LEVELS |

plants will involve considerable land area
which in some cities might require its loca-
tion too remote from the business and
entertainment areas. Future expansion is
in general most easily accomplished by
this type of studio arrangement. A sug-
gested arrangement of studio facilities is
shown in Fig. 1, and those same facilities
expanded are shown in Fig. 2.

The vertical plan is adaptable to either
an existing building or one specifically
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built to house the studios. Appreciable ex-
pansion sometimes results in a scattering
of work areas in different parts of the
building with resultant inconvenience un-
less included in the original planning.

Location

The location of the studio plant is a
most important decision to make. It should
be located so that convenient transporta-
tion is available to performers, technical
personnel and general public.

The major potential technical difficulty
to be studied is that of noise. Noise is
transmitted in two ways.

(1) Airborne
(2) Vibration of the ground or ele-
ments of the building structure.

The airborne sounds exterior to the plant
include those due to thunder, railways,
busses, aircraft, streetcars, industrial ac-
tivities, automobile traffic, etc. Certain of
these such as railways, streetcars, indus-
trial activities, etc., may transmit sound
by vibration of the ground to the studio
plant. The rental of space in an existing
structure requires investigation of the
activities of present tenants, and also the
restriction placed on future tenants as to
their noise producing activities. Major
sources of noise within the building may
include printing presses, pumps, industrial
machinery, punch presses, and the like.
Conversely, it should be kept in mind that
noise from a broadcast plant can be just
as annoying to others, particularly profes-
sional people such as doctors, or dentists
in the conduct of their work.

The problem of noise is stressed as it
is one for which the precautions must be
taken in the construction of the studio
plant. It is for that reason that a survey
should be made at the proposed location
with a sound level meter so that the mag-
nitude of the noise is known and the iso-
lation to be provided can be determined.

The use of a sound level meter is prefer-
able but in the event one is not available
some indication of the noise level may be
obtained by the use of a portable field
amplifier which practically all broadcast
stations have available. The absolute
magnitude of the noise may be calculated
approximately by obtaining the sensitivity
of the microphone from the manufacturer.

In those cases where the noise is from
a source which develops considerable vibra-
tion, the solution may not be economically
feasible. The location of the studios on
the floor directly above or below a bank
of large printing presses is such an ex-
ample. The amount of vibration generated
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by the presses is of such a magnitude that
there is no practical and economic means
to reduce it to a satisfactory value. Fur-
ther, it is not possible to predict accu-
rately the reduction which will be effected
because of the many related factors. Stu-
dios have been built in substantially this
type of location and as far as is known
trouble has always ensued-—sometimes to
the extent of making necessary the installa-
tion of a high pass filter in the program
circuit to reduce the noise and compromise
the overall quality.

The maximum tolerable noise level in
studios is as follows:
Sound level meter

Scale A—less than 25 db*
B-—less than 35 db
C—Iless than 45 db

*(db above the threshold of hearing . . .)

8. Construction details of sound retarding studio door.

Scale C is substantially “flat” as regards
frequency response and Scales B and A
correspond respectively to the Loudness
Intensity curves of the human ear.

It will be noted in Fig. 3 that the ear
at moderate intensities is less sensitive at
the lower frequencies than at medium and
high frequencies. This is fortunate as
sounds of these frequencies are most diffi-
cult to control.

Sound Control at Boundary Surfaces
The attenuation of airborne sounds is
dependent largely on mass of the material
rather than other characteristics of the
material itself. This is a generalized state-
ment, to which there are some exceptions,
and cinder concrete appears to have some
advantage over other materials for studio
partitions. The increase in attenuation
with mass is at a relatively slow rate as

may be seen in Fig. 4. For example, a
6-inch wall (45 pounds per square foot)
of solid cinder concrete may be expected
to have an average attenuation (128 cycles
to 4096 cvcles) of about 48 db and a
12-inch wall (90 pounds per square foot)
about 54 db.

Two 6-inch solid cinder concrete walls
with an intervening air space of more than
6 inches may be expected to produce an
attenuation of about 60 db. The use of
double walls is to be preferred to single
walls, because of the increased sound at-
tenuation over a single wall, the reduction
of impact sounds, and the lesser weight for
a given degree of sound attenuation. The
partitions should extend from the floor
slab to the under portion of the floor slab
above (or the roof). Cinder block walls
have appreciable sound absorbing proper-
ties which absorb sound in the interven-
ing space between walls and also are fairlv
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free from pronounced resonances which are
manifest as reduced attenuation over a
band of frequencies.

The use of two 6-inch solid cinder block
partitions (each plastered on one side)
separated by an air space is the minimum
that should be provided between adjacent
studios. The use of partition block of
smaller dimensions, say of 4 inches thick-
ness and hollow instead of solid will per-
mit the transmission of more sound than
is desirable.

Commercial sound isolation systems are
effective in attenuating airborne sounds
but experience has shown them to be less
effective than is desirable in reducing the
transmission of vibration at lower frequen-
cies (of about 100 cycles and lower).
There are advantages in their use where
weight becomes a factor. Construction de-
tails of sound isolation systems for walls,
floors, and ceilings are shown respectively
in Figs. 5, 6, and 7.

There are types of multiple wall struc-
tures of light weight which are effective
in reducing sound transmission but usually
such walls occupy appreciable space, are
relatively expensive and require careful
supervision of their installation to insure
proper performance.

Attention must also be given to the ceil-
ing and floor surfaces to insure the mainte-
nance of the high degree of sound atten-
uation provided by the partitions. In the
buildings with stone concrete floor slabs
of adequate thickness (4 to 6 inches thick),
adequate isolation from the floor above is
usually obtained by the installation of a
“suspended” or “hung” ceiling. (It is pre-
sumed in this case that the occupants of
the floor above are engaged in ‘“quiet”
activities.) Such a ceiling is required for
light fixtures, concealing duct work and
the like. The ceiling should be supported
on resilient mountings, as the increased
cost due to their use is quite small, and

covered by loose rock wool fill, blanket
or similar sound deadening material.

The floor on which the studios are
mounted should be also studied as to noise
coming from the floor below and addi-
tional cinder fill topped by smooth con-
crete finish added or a sound isolated floor
installed.

Buildings with wooden floors present
some problems as to loading bearing
capabilities which may require re-arrange-
ment of the studio grouping to obtain
isolation by “separation” rather than
structural means.

If the space surrounding the studios is
quiet these precautions may be relaxed
somewhat, but the effect of sounds from
the studio to the surrounding space should
be considered.

The observance of these precautions at
the boundary surface of the studio will
provide satisfactory noise conditions in
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most all cases. Practically, these surfaces
must be pierced by windows, doors, and
duct work and where so pierced every
precaution must be exercised to maintain
the sound isolation provided originally.

Doors

Entrance to a studio should be effected
through two doors separated by a vesti-
bule which is acoustically treated over as
much of the areas as is possible. Experience
has shown satisfactory performance with
214" solid wood doors fitted with an auto-
matic bottom closer and gasketted on the
head and side, at each end of the vestibule.
Construction details of a satisfactory sound
retarding door are shown in Fig. 8.
Windows

Windows are needed for observation
purposes in the control booth and public
observation booths. The use of double
glass of “lights” 14” and %" thickness
respectively separated as widely as pos-
sible will provide sufficient isolation. The
isolation is improved to the extent of 6
to 10 db by acoustical treatment of the
boundary surfaces between the panes or
“lights” of glass. Construction details are
shown in Fig. 9.

Outside windows should be “sealed” by
masonry or treated in the same general
manner as control booth windows if re-
tained, to prevent transmission of sound
between the studio and outside spaces. If
no ventilating system is provided, and
windows must be opened during the sum-
mer, the sound isolation system of the
studio is greatly reduced in efficiency. The
studio may be oriented so the windows
face a quiet location, but thunder, aircraft
and similar noises will undoubtedly prove
disturbing.

Air-Conditioning and Ventilating Systems

There are four general sources of noise
due to ventilating systems:

(a) The fan (which inherently generates

a fairly turbulent air stream).

The system of duct work which may

transmit sounds through it or along

its surfaces.

(c¢) The supply and return outlets.

(d) Rotating or reciprocating machinery
such as pumps, compressors, fans
(vibration), etc.

(b)

All rotating and reciprocating machinery
together with its driving sources should be

type.

mounted on a sound isolated base. Suit-
able isolation materials or springs include
rubber in shear, metallic coil or leaf
springs, cork, etc. The performance of
practically all these materials is dependent
on loading and the material should be de-
flected as much as possible (within the
limits of the material) to obtain as low
a natural resonant frequency as possible
thereby providing the greatest amount of
isolation. All connections to the equip-
ment should be as flexible as possible, elec-
trical wiring should be enclosed in flexible
armour rather than conduit, etc.

Duct work should be connected to the
fan through a canvas collar and the same
procedure employed in connecting the duct
work to the supply and return outlets.
The duct work should be wrapped where
it pierces the wall and wrapped within the
confines of the studio. The duct of dimen-
sions of 12” x 12” or smaller should be
lined for a distance of 16 feet between
the fan and first outlet; and between
outlets in studio and other spaces. Duct
work to listening areas, such as control
booths when of this dimension or smaller
should be lined for a distance of at least
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FIG. 12. A speaker's studio simulating a living

8 feet. The lining should bridge partitions
which are pierced by several feet on each
side of the partition,

Lining is adequate for small ducts but
most studios will require larger ducts, in
which case. lining alone is not sufficient.
In the case of a duct 12" x 48", it should
be lined as indicated above and divided
at 12" intervals or less by absorbing mate-
rial so that in effect 4 small ducts in
parallel are created.

The supply and return outlets are an-
other source of noise if the air velocity
is too high or the duct work is not ar-
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Detail of acoustical treatment around recessed lighting fixtures.

room can double as conference or sales room.

ranged for a smooth flow of air. Guiding
radial vanes should be employed as re-
quired which will aid in the distribution
of the air in the studio and also result
in quieter conditions. The details of a
satisfactory supply outlet of the “pan”
deflector or “Anemostat” type are shown
in Fig. 10.

Air velocities which have been found
satisfactory are 1200 feet per minute or
less in main duct work; 500 feet per
minute or less for supply outlets and 300
feet per minute at return outlets.

Pumps and compressors are sometimes
troublesome acoustically as completely
flexible joints or coupling to piping are
not too practical and also the liquid col-
umn may be substantially “solid” so sound
is transmitted along the piping in that
way. Such equipment should be located
as remotely as possible from the studios
and the piping suspended by resilient
mounting to prevent transmission of the
vibration to the building structure.

Recessed light fixtures pierce the ceil-
ing constructions and the manner in whch
sound precautions are observed is shown
in Fig. 11.

Types of Sound Broadcast Studios
There are three major types of broad-
cast studios from which live talent pro-
grams may originate:
(a) Speakers’ Stupio — This type of
studio is usually small, 12 by 18 feet
or similar, designed to simulate a
living room and intended only for
speech. Where economy is a factor,
such a studio may also serve as an
audition room, conference room, or
sales room. A studio of this type is
shown in Fig. 12.
GeENERAL Purrost  Stupnio — This
studio is intended primarily for the
accommodation of the performers,
with the visible audience, if any, of
secondary consideration. Its size may
range from 15 feet by 25 feet to
50 feet by 80 feet. A photograph of
a small studio of this type is shown
in Fig. 13.
(c) AupitoriuM Stupio-—The auditorium
studio is intended for accommodating
a visible audience and the presenta-
tion of the program from a platform
or stage, and has no prescribed limits
on size. The degree to which stage
furnishings are provided is dependent
on the amount of “show” desired.
Such studios may be used for other
purposes, such as demonstrations.
cooking lessons, meetings, etc., as a
part of the station’s activities. A stu-
dio of this type is shown in Fig. 14.

(b)

Shape

The proportions of the studio should be
pleasing and at the same time technically
correct. The desired proportions of 2:3:5
for height, width and length have proven
to be a practical guide in studio con-
struction. In larger studioes, economy and
practical considerations may result in a
lowering of the ceiling height to a value
somewhat below the proportions stated.

Fig. 15 shows the preferred studio
dimensions together with the recommended
“maximum occupancy” (including per-



formers and audience) and the “acoustical
optimum” which refers to the number of
performers only.

The object of incommensurate room
dimensions is to avoid a grouping of the
harmonics of natural room frequencies.
These proportions will result in reasonably
uniform distribution of these frequencies.
In the case of larger studios these “‘reson-
ances’” become of lesser importance as the
natural frequencies are extremely low and
their harmonics within the audible range
substantially weaker.

Reverberation Time Frequency
Characteristic

The optimum reverberation time at
1000 cycles becomes larger as the studio
size increases. The optimum shown in
Fig. 16 is based on practical experience
and the critical judgment of a large num-
ber of people. Reverberation Time may be
defined as the length of time required for
a sound, having reached steady intensity
in an enclosure, to decay 60 db or to
one millionth of its original power. The
relation between reverberation time and
frequency provides a longer reverberation
time at lower frequencies than at medium
and high frequencies to compensate par-
tially for the characteristic of the human
ear and provide some aural decay period
at all frequencies. The Sabine-Eyring
Knudsen formula for calculation of re-
verberation time has been found to pro-
vide good correlation between calculated
and measured value. Fig. 17 shows the
relation between the function (a) or aver-
age absorption and the value —log. (1-a).

—S loge (1-a) 4+ 4 mV
Where
T = Reverberation time in seconds. (The
time required for a sound having

reached steady state intensity to
decay 60 db).

V — Volume Cubic Feet.
S — Total Surface Area—square feet.
a — Average absorption co-efficients.
_ s - az S + a3 s3

S

m — Co-efficient of absorption of air at
50% R.H. (varies with frequency).

a

Acoustical Treatment

The required total absorption is easily
calculated from the optimum frequency
reverberation time characteristic by use
of the Eyring formula. There remains,
however, the selection of the type and
thickness of material and distribution in
conjunction with reflective areas.

FIG. 13. The acoustical treatment of a general purpose studio.

FIG. 14. A typical quditorium type studio.

There are several
acoustical materials.

(a) Plaster

(b) Draperies and carpets

(c) Tiles

(d) Membrane covered absorbing
materials.

Acoustical plaster is usually of only
moderate absorbing efficiency at medium
and high frequencies but the absorption is
subject to some variation dependent on
job conditions—the manner of mixture.

general types of

pressure of the trowel (or applicator),
etc. Its relatively poor resistance to abuse
restricts its use to ceilings, if used at all,
in studios.

Draperies and carpets in general have
little absorption at the lower frequencies
and the absorpton increases with the fre-
quency. Draperies, lined and interlined,
hung 100 percent full (twice the area of
material is required for the area of wall
to be covered) and 1 foot or so from a
wall will have very appreciable low fre-
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FIG. 15. Preferred studio dimensions and

maximum occupancy.

quency absorption. Draperies are perhaps
the most economical means of providing
adjustable acoustical conditions. They are
useful in this regard particularly on the
rear stage wall of an auditorium type
studio to provide an acoustical change
in that area. Carpeting is useful in seat-
ing sections on the walking area of audi-
torium studios, on the floor of speaker’s
studios, under microphone stand to reduce
“scuffling” of feet and in certain cases to
reduce the noise of footsteps in corridors.

Acoustical tiles provide fairly high ab-
sorption at medium and high frequencies
and a lesser degree at low frequencies
dependent on the manner in which they
are mounted on ceilings or walls. Certain
types which are homogeneous and rely on
the porosity of the material for absorp-
tion tend to be fragile and subject to dis-
coloration due to “breathing.” (‘“Breath-
ing” is the discoloration due to temperature
and pressure differentials which tend to
entrap the dirt on surfaces due to the
passage of air through the tile near the
exposed surface.) (Plaster is also subject
to this effect.) In common with acoustical
plaster, porous tiles may be subjected to
indiscriminate painting when redecoration
is necessary and even careful painting in-
variably substantially reduces the absorb-
ing efficiency. Typical cases have shown
a reduction from 50 to 60 percent down
to 20 to 30 percent.

Membrane covered absorbing materials
are those in which the perforated mem-
brane whether it be metal, asbestos board,
or hardboard, serves as an acoustically
transparent covering of the absorbing
material up to about 4000 cycles after
which the covering becomes increasingly
reflective. These coverings are fairly abuse
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FIG. 16. Optimum reverberation time and frequency characteristics.

resisting and capable of painting several
times without adverse effects on the ab-
sorbing efficiency.

The decision as to which type or com-
bination of types of treatments is deter-
mined by the total absorption required,
decorative schemes and economy. In gen-
eral, if it is expected that the treatment
is to last for more than five years the
best economy ultimately is to provide
the best, the most durable and a type
capable of re-decoration.

The control of absorption at the low
frequencies can be accomplished by an in-
crease in thickness of one or more of the
materials selected, the furring or mount-
ing of the treatment at some distance
from the wall or the use of large areas
of generally “reflective” curved surfaces
which have appreciable absorption at low
and medium frequencies and almost none
at high frequencies.

Distribution of Treatment

One objective in studio design is to pro-
vide a reasonably diffuse sound field but
it is not believed desirable to obtain or
even approach complete diffusion as indi-
cations are that this results in a “confu-
sion” of sound. The desired diffusion is
achieved by the arrangement of acoustical
treatment generally throughout the studio
interspersed with plane, splayed, serrated
and diffusely reflective surfaces. Care
should be exercised that any large and
opposed flat reflective surface are avoided
to prevent persistent discrete reflections
manifest as “rattles” or “flutters.”

Speakers Studios to resemble a living
room should employ a carpeted floor (with
lining) and an untreated ceiling. The

walls may be treated with an appropriate
area of commercial acoustical treatment or
heavy draperies. Since these rooms may
be small and used mostly for speech, par-
ticular attention should be given to pro-
vide adequate low frequency absorption
to avoid a “boomy’” and unnatural speech
sounds. Where draperies are employed it
may be necessary to mount 2 inches or
more of rock wool blanket or similar
material behind the drapery to raise the
low frequency absorption.

General purpose studios should have a
floor covering of linoleum or similar sound
reflective material. The wainscot or chair
rail should be of abuse resisting material
such as cement plaster about 3 feet 6
inches or 4 feet high.

There are almost an infinite variety of
arrangements of wall and ceiling treat-
ments; consequently only generalized sug-
gestions can be made. The peripheral area
of the ceiling may be untreated so long
as the distance from the side walls is less
than 3 to 4 feet. If this distance becomes
larger the area should be convexly curved.
splayved or a band of acoustical treatment
provided. Large areas of reflective surfaces
parallel to the floor centrally located must
be avoided, because of the danger of per-
sistent vertical reflection in the microphone
field. The wall treatment should be ar-
ranged in some decorative pattern of
curved or serrated reflective surfaces alter-
nated with absorbing areas. It may be
noted that convexly curved wooden sur-
faces are in current use. There is no objec-
tion to wood, but the major virtue appears
to be in the shape of the curvature rather
than the material which forms the curve.
(There is some difficulty in certain cities
in the use of wood because of fire-proof-
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ing requirements of Fire and Building
Departments.)

Auditorium studios are divided into two
sections where the platform is in effect a
stage and so equipped. Where the platiorm
is merely a platform the division is less
obvious but the same general procedure
follows.

The stage floor should be linoleum cov-
ered. The side walls treated in much the
same way as the general purpose studio.
The rear wall should be entirely reflective
but serrated or contain convexly curved
surfaces. The rear wall should be provided
with a draw curtain so that adjustment
of acoustical conditions is possible. (See
Fig. 18.) The stage ceiling should be gen-
erally serrated and by a suitable sawtooth
arrangement border lights may be con-
cealed from the seating section. This
obviates the use of masking borders as
their extensive use tends to reduce ex-
cessively the reverberation time at higher
frequencies.

The seating section should contain up-
holstered seats thereby providing substan-
tially the same absorption in this area
whether empty or fully occupied. The
floors on the walking areas should be car-
peted to deaden foot falls and scuffling of
feet. The ceiling above the seating section
may be left untreated as an aid in the
propagation of sounds from the stage to
the listeners. The forward portion of the
side walls (perhaps 2/3 or 3/4 of the

FIG. 18. Rear wall of quditorium stage is reflective with dzaw curtains to vary acoustical conditions.

distance from the stage) may be untreated
provided they are splayed so that opposed
surfaces are non-parallel. It may be neces-
sary to treat the rear portion of the side
walls to reduce delayed reflection back
to the stage. The rear wall should be
heavily treated and if desirable to appear
architecturally as curved with a radius
near the stage apron, the wall should be
arranged in a series of convex curves or
serrated. Despite the fact that some 80
percent or more of the sound energy may
be absorbed, a relatively large area reflect-
ing sound energy to a concentrated small
area can and has caused trouble. Where
the difference in path length between
direct sound and reflected sound is 50O feet
or more the plans should be examined czre-
fully as appreciable reflected sound energy
of this path difference will tend to be
manifest as a fairly distinct echo.

Absorption Due to the Air

The increased attention to higher fre-
quencies in sound transmission and repro-
duction indicates a review of acoustical
techniques in this field. The information
of the performance of acoustical materials
generally available includes a frequency
range of only 100 cycles to 2000 or 4000
cycles as contrasted to reliable information
from 30 to 15,000 cycles to most avail-
able communications engineers. This is a
serious limitation in which only some
progress has been made in the extension

of the range but the information is not
generally available.

The absorption of the air itseli becomes
a factor at about 4000 cycles and above
10,000 cycles is the contralling factor. At
a relative humidity of 50 percent the ab-
sorption due to the air itself is such that
even though the walls, ceiling and floor
were perfectly reflective, no studio regard-
less of volume, can have a reverberation
time greater than 1.5 seconds at 10,000
cycles and about 1.0 seconds at 15,000
cycles. Fig. 19 shows the reverberation
time at various frequencies (regardless of
the volume of the enclosure) when the
total absorption is that due to the air
alone. Attention is called to this factor,
not that appreciable control can be exer-
cised, but rather that it be known and
recognized in the planning. The absorpticn
due to the air rises gradually to a peak
in absorption at 20 to 30 percent relative
humidity and at higher values (above 50
percent) decreases appreciably.

Control Booths

The floor of control booths should be
sound reflective, covered by linoleum or
similar material. The ceiling should be
treated over about 80 percent of the area
with a material equivalent to 2 inches rock
wool covered by perforated asbestos board.
The treatment of the walls will depend
somewhat on the particular booth, but if
an entrance door is assumed on one end
wall, a general statement may be made.
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FIG. 20. A typical television studio set showing microphone and camera placement.

The wall opposite the control booth win-
dow and the adjoining wall (opposite the
entrance door) should be treated above a
wainscot 3 feet or 3 feet 6 inches high
over the entire area with a material equiv-
alent to the reiling treatment. (If the con-
trol booth ceiling is 8 feet high, the treat-
ment may be started 3 feet above the
oor and stopped 7 feet above the “loor—
in a 4-foot panel.) This would be a more
economical procedure as perforated as-
bestos board is usually supplied in sizes
SisSEE==s
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FREQUENCY IN CYCLES PER SECOND

FIG. 19. Reverberation time at various frequencies
with total absorption due to air alone.
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of 2 feet by 2 feet or 2 feet by 4 feet.
The same condition wouid apply hori-
zontally where an additional 6 inches or
so would involve cutting and fitting.

Television Studios (Live Talent)

There is not the samie amount of ex-
perience with live talent television studios
as in sound broadcasting but the experi-
ence of a period of eight years with a
studio 30 ieet by 50 feet and 18 feet high
has taugnht some lessons. The observations
of the experience of others in this field
have also proven helpful. The problem in
the television studio is different acous-
tically in that a set with three sides or
even fwn sides tends to dctermine the
acoustical quality of the sound pickup in

that set. The studio itseli should be sub-
stantially non-reverberant or acoustically
“dead.” The studio, by its very nature,

cannot be a showplace in the usual sense

so that decorative effects may be subor-

dinated very definitely to practical re-
quirements. It is to be expected that
provision must be made for a visible audi-
ence in some cases, but the flexible use
of the studio and the screening of viewing
action by the sets themselves will tend to
locate such an audience adjacent to the
control booth or at some other location
well above the foor ‘evel of the studio
and in a sense out of it.

The acoustical treatment in a television
studio would approximate that of a mo-
tion picture studio (not a scoring stage).

The entire area of the walls and ceiling
should be covered by 2 inch rock wool
blanket or similar material. To prevent
“dusting” of the material another cover-
ing of flame-proof muslin should be ap-
plied on the ceiling and upper wall sur-
faces. The wall surfaces to a height of
about 12 feet should be covered with
perforated asbestos hoard or similar mate-
rial painted a light matte-gray or alu-
minum color. The upper wall and ceiling
surfaces should be covered by 12 inch or
1 inch mesh screening.

The noise requirements are perhaps
more stringent than in sound broadcasting
as the microphone is located 3 to 6 feet
from the performers and will receive a
higher ratio of random to direct sound than
in sound broadcasting. Figs. 20 and 21
show typical views of a television studio.

The light levels in sound broadcasting
require 20 to 30 feet candles incident on
a horizontal plane about 3 feet above the
floor. This is roughly equivalent to about
6 watts per square foot of floor area. Tele-
vision lighting requires between 200 and
500 feet candles of incident light on the
set even with the more sensitive pick-up
tubes. This amount of light is required
for artistic lighting and while the camera
pick-up tubes will work at lower light
levels  the increased ease of operation with
the lens “stopped down” with attendant
greater depth of focus is a desirable fea-
ture. These light levels are roughly equiv-
alent to 20 to 30 watts per square foot of
floor area. The difference is that broad-
cast studios are uniformly illuminated
whereas in television the lighting is con-
centrated on one or more sets. The light-
ing may be on two at the same time as
in a small studio the proximity of the sets
is such that some spilling of light from
one to the other is unavoidable. The in-
creased lighting load requires increased
air-conditioning (or ventilation) to dissi-
pate and carry away this heat. A noise
problem is introduced by reason of the
fact that duct sizes become increasingly
larger and there will be a tendency to in-
crease the velocity of air to reduce the
size of the duct. The increase in velocity
in the duct in the main run is not objec-
tionable provided that adequate sized
ducts run to the studio properly treated
so that the noise generated in the main
run due to the velocity of the air is effec-
tively attenuated. The desired practice of
introducing the air at a height of about
15 feet above the floor and removing air
at the ceiling and floor tends to bring
the supply outlets closer to the probable
microphone locations.



The same general conditions as to air-
conditioning or ventilation apply in the
control booth, particularly if appreciable
equipment is located in that space. The
power load per camera chain dependent
on auxiliaries such as monitors, etc., is
about 3 KW. A separate exhaust system
over the equipment itself to remove its
heat is desirable. The occupants of a
sound broadcast control booth may range
from a minimum of one to a maximum
of two or three. (These numbers refer to
persons performing useful functions and
do not include the usual onlookers.) The
occupants of a television control booth will
range from four to seven dependent on
the manner in which technical and pro-
gram production is accomplished. The
acoustical requirements for listening are
just as critical and the same attention
must be given to sound control as in sound
broadcasting. It is evident (see Fig. 22)
that the television control booth is, of
necessity, considerably larger than a sound
broadcast booth.

The size of television studios will be
appreciably larger particularly as to height
to permit light bridges, cat walks and the
like. The experience in a studio 30 feet
by 50 fect by 18 feet high has shown that
the low ceiling is a disadvantage and that
this studio is almost the minimum size.
A minimum sized television studio would
be about 25 feet by 40 feet by 22 feet
high. A more desirable minimum size is
about 40 feet by 60 feet by 25 feet high.

FIG. 21. Another typical television studio set.

There is another difference and that
concerns the control booth. In sound
broadcasting location of the control booth
114 to 2 feet above the studio floor level
and at one end is generally satisfactory.
In the case of television for flexibility and
adequate vision the control booth floor

should be located midway on the long side
of the studio and should project into the
studio for a distance of several feet.

General

It is desirable to appreciate that stu-
dio planning is based on satisfying the
opinions, wishes, and desires of people.
That is, the end result is the subjective
opinion of people rather than the objec-
tive measurements by means of a technical
instrument. It is not to be expected that
any plant will completely satisfy everyone
that uses it or views or hears the product
of its output. It is to be expected that the
proper planning will satisfy abeut 70 per-
cent of the people and that the remainder
will admit perhaps grudgingly that it is
at least tolerable. Because such planning
involves subjective judgment there is a
probability of change in requirements as
tastes in general may change. These
changes may not be of a fundamental
nature but in details or in a tendency
more toward one direction than the other.
It was for that reason that mention was

. made of planning for future expansion so

that future requirements may be accom-
modated. It is hoped that the material
presented will be some help to those con-
cerned with present and future planning.

FIG. 22. View of a television studio control room
showing video and audio monitoring facllities.
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Video Equipment Theory

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 electronics which is
strange to many technicians entering the field for the
first time. This is especially true of those who have long
experience in the field of sound broadcasting and repro-
duction, but whose education and experience antedate
the post-war television boom as well as the war-time
period, during which were developed 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 irregular
intervals and the consequent need for understanding cir-
cuits used for amplifying and transmitting 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 television system, as in the case of an aural system,
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 connotation; thus,
any spurious elements in a television picture are gener-
ally 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 system 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 agita-
tion in vacuum tubes and other circuit elements, (b)
pickup from associated or remote electrical apparatus,
and (c) microphonics. The best means for minimizing
noise is to maintain a high signal-to-noise ratio in all
parts of the system; but where this is impossible  special
circuits are a distinct aid in extending the useful range
of operation.

Noise, limits 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 available in the transmission sys-
tem. This limitation 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 I‘ederal Communications Com-
mission effectively determine the limits of resolution
within the noise-free service area of any station. Long
vears of field testing have shown that a six-megacycle
channel will provide adequate resolution and at the same
time will yield a reasonable number of channels.

Other factors which limit overall performance are
the fineness of scanning apertures,* the degree of accu-
racy with which tonal gradations are reproduced, and
the brightness range of which the reproducing device is
capable. However, if it can be assumed that the trans-
mission system between the pickup and reproducing de-
vices is reasonably lincar, 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 limita-
tions described in the preceding paragraphs, and as cer-
tain economic factors do.

Economic factors usually limit the degree to which
technological development is used to improve the quality
of performance. Methods may be known by which some
of the physical limitations of the system can be overcome,
but sometimes such methods are not used for a long
time after their discovery because means for applying
them economically are not developed simultaneously. In
other words, their use increases the cost of equipment
excessively. This is especially true in the case of re-
ceiving equipment which must be produced in large
quantities at low unit cost.

* 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.
Small 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 general sense. In electronic television, the diameter 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 (usnally the use of
special circuits) for compensating the picture signal for loss
of resolution caused by finite size of the beam and by non-
uniform distribution of electrons over the cross-sectional arca
of the beam.
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Such methods often do find their way into transmit-
ting equipment, where low unit cost is not so important
and where quality of performance is paramount. Quality
is stressed in transmitting equipment to provide reliability
and to reduce the need for including in the receivers
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 11, Radio Corporation of
America carried on an extensive program of research and
development in television which has been largely re-
sponsible for the formulation of the standards governing
our present black-and-white system. The earliest work
on standards was done through the medium of the Radio
Manufacturers’ Association. Much more extensive work
on standards was carried on later by the National Tele-
vision System Committee and the Radio Technical Plan-
ning Board the former body being set up to deal ex-
clusively with television standardizing problems and to
bring about agreement among the several interested
groups on suitable standards for recommendation to the
FCC. With the approach of commercial broadcast service,
the I'CC adopted the recommendations of these bodies
as the basis for tentative standards of good operating
practice. Activity of the RMA has continued on tele-
vision and its recommendations have been extended to
cover much of the detail of studio and transmitter opera-
tion, and of receiver design. While a considerable portion
of this material still exists only in the form of recom-
mendations to the FCC, it will undoubtedly constitute
the major part of the final standards.

One of the most important standards recommended
is the one which describes the waveshape of the picture
signal. This standard is outlined in detail in a drawing
which is reproduced in Fig. 5. Reference will be made
to this drawing from time to time in discussing the sys-
tem, and an attempt will be made to clarify the reason-
ing involved in establishing many of the specifications
included in it.

Scanning System

The standard system of scanning in television is one
in which the scene or image is traversed by the aperture
in lines which are essentially horizontal, from left to
right, and progressively from top to bottom. The aim is
to have the aperture move at constant velocity both
horizontally and vertically during actual scanning periods
because this tvpe of motion is simple to duplicate in
the reproducing aperture and because it provides a uni-
form light source in the reproducer. At the end of each
line the aperture, or scanning beam, moves back to the
start of the next line very rapidly. The time occupied
by doing this is called the fly-back or retrace period.
In a similar way, the beam moves from the bottom
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back to the top after the end of each picture scan.
Motion during retrace periods need not be linear. The
complete traversal 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 sys-
tems, and synchronism with the power system minimizes
the effects of hum and simplifies the problem of syn-
chronizing rotating machinery in the television studio
(film projectors) with the scanning.

It has appeared rather recently that the choice of 60
cvcles for the vertical scanning frequency was a for-
tunate 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 increases as the
brightness increases. Thus, 48- or 50-cycle flicker would
be noticeable to some observers at modern brightness
levels in television receivers. Persistence of vision varies
in different people, and those whose persistence charac-
teristics are short are conscious of the 60-cvcle flicker
in the bright pictures on some present-day receivers.
Therefore it appears that a still higher vertical frequency
would be desirable if other factors would permit. Need-
less to say, the interline flicker, mentioned later in con-
nection with interlacing, is also less objectionable with
the higher scanning rate.

Another important factor affecting flicker is the per-
sistence characteristic of the screen material in the re-
ceiver. This can be made long enough to overcome any
appearance of tlicker, even with scanning rates less than
50 cycles per second, but, if carried too far, such long
persistence 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 pickup and
reproducing parts of the system must be in exact syn-
chronism with each other at every instant. To accom-
plish this, synchronizing information is provided in the
form of electrical pulses in the retrace intervals between
successive lines and between successive pictures. The
retrace intervals are useless in reproducing picture in-
formation, hence are kept as short as circuit considera-
tions 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 become
part of the complete composite signal which is radiated
to the receiver. Thus scanning operations in both ends
of the system are always in step with each other. Syn-
chronizing 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 de-
tail in the vertical direction. The number of scanning
lines is also related to the resolving power in the hori-
zontal direction because it is desirable to have the same
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resolution 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 resolution
by the N.T.S.C. and the R.T.P.B.

Interlacing

One of the most interesting features of the television
scanning system is 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 no relation to
the number of scanning lines nor to the frequency of
the lines themselves. Therefore a system which causes
the entire area of the scene to be illuminated at a higher
frequency, even though the same lines are not scanned
during successive cycles of illumination, results in greater
freedom from flicker. Interlacing does just this by scan-
ning part of the lines, uniformly distributed over the
entire picture area, during one vertical scan, and the
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.
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FIG. 1. Odd-line interlaced scanning system with 13 lines. Con-
secutive fields are indicated by solid and dotted lines, respectively.

In the standard two-to-one interlaced system, alter-
nate lines are scanned consecutively from top to bottom,
after which the remaining lines, that fall in between
those included in the first operation, are likewise scanned
consecutively from top to bottom. (Figs. 1 and 2
illustrate this principle.) In the 525-line system, each
of these groups, called a field, consists of 262}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 illu-
mination every 1/60 of a second, vet the complete pic-
ture is spread out over 1/30 of a second.
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FIG. 2. Even line interlaced scanning system with 12 lines.

The important result of interlacing is a reduction in
the bandwidth of the frequencies generated in the picture
signal, for a given value of limiting resolution, as com-
pared 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 sequential system, all of the scanning lines must
be traversed in the basic vertical scanning period. How-
ever, in the two-to-one interlaced system, only half of
the scanning lines are traversed in the same period. Thus,
obviously, the horizontal velocity of motion of the aper-
ture in the interlaced system is only half of the velocity
in the sequential system, and likewise the signal fre-
quencies 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 repeated 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 contrast 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
scanning lines might be reproduced by only two or three
adjacent lines. The 30-cycle flickering of the line seg-
ments 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 infre-
quently. The top and bottom edges of the raster nearly
always produce objectionable interline flicker because
they are nearly parallel to the scanning lines. Interline
flicker, like any other type of flicker, is most objection-
able in scenes where the highlights are very bright and
the contrast is high. When the brightness and contrast
are low, interline flicker becomes negligible.
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Break-up exists when an object in the scene moves in
the horizontal direction rapidly enough to cause the total
motion in 1/60 of a second to be 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 Fig. 3 where two rectangles are shown_ the upper
one being stationary, and the lower one moving toward
the right. The moving rectangle is shown as though it
started moving from a position directly below the other.
In the moving rectangle, signal is generated, in both
ficlds, from the starting position of the left edge because
of the storage of information in the pickup tube during
the interval between fields. Thus the storage effect causes
actual blurring of the trailing edge of a moving object.
This is illustrated by the thin extensions of the scanning
lines in the second field at the left side. The leading edge
of the moving object may have a more definite jagged
appearance hecause the storage effect in the pickup tube
cannot fill in the spaces. In non-storage pickup devices,
both edges will appear jagged.
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FIG. 3. Effect of horizontal motion on resolution of vertical edges
in 2-to-1 interlaced system. Upper object stationary. Lower object
moving to right,

‘The geometrical distortion, illustrated by the tendency
for the moving rectangle to become rhombic, is charac-
teristic of any scanning system, whether interlaced or
sequential. It is similar to the effect produced by a
focal-plane shutter in a photographic camera.

Further consideration makes it clear that higher ratios
of interlacing would produce these troubles in aggravated
form which would be intolerable. Another objection to
higher ratios of interlacing is an illusion of crawling of
the scanning lines either up or down, depending on mo-
tion of the observer’s eves. The effect is extremely annoy-
ing and tends to distract the observer’s attention from
the scene.

The type of interlacing adopted for commercial tele-
vision is known as odd line interlacing. The total number
of lines is an odd integer. Thus the number of lines in
each of two equal fields is a whole number plus a half.
In this system, the use of perfectly uniform vertical
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scanning periods (equal to half the product of the total
number of lines and the period of one line) and constant
vertical scanning amplitude, results in consecutive fields
which are displaced in space with respect to each other
by half a lipe, thus producing interlacing of the lines,
as illustrated by the 13-line system in Fig. 1. Specif-
ically, as stated above, the total number of lines in the
standard system is 525; the number per field is 2625
the vertical scanning frequency is 60 cycles per second;
the number of complete pictures (frames) per second is
30; and the horizontal scanning frequency is 60 X 26214,
or 15,750 cycles per second.

Interlacing may also be obtained when the total num-
ber of lines is an cven 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 vertical
scanning sawtooth wave (see Fig. 2). This frame fre-
quency component must have a degree of accuracy that
is impractical either to attain or maintain. Hence even-
line interlacing is not used for commercial television.

One other factor has influenced the choice of the par-
ticular number of scanning lines. This is the need for an
exact integral relationship between horizontal and ver-
tical scanning frequencies. It has been the practice to
attain this relationship by using a series of electronic
counting circuits. To secure a high degree of stability,
the characteristic count of each circuit was limited to a
small integer less than ten. Thus the h/v frequency
ratio was required to Le related to the combined product
of several small integers. In the RCA synchronizing gen-
erator equipment, for example, there are four such cir-
cuits 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 frequency
for the horizontal scanning system, another counter cir-
cuit divides the master oscillator frequency by two to
vield the required frequency of 15,750 cycles.

Synthesis of the Picture Signal

The basic part of the 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 generate signals which are
spurious or which at least do not contain valuable pic-
ture information. I'urthermore, retrace lines in the repro-
ducing tube itself, especially during vertical retrace,
detract from the picture. It is therefore desirable to
include in the picture signal, components which will
eliminate spurious signals during retrace and the retrace
lines themselves in the reproducer. These results may
be obtained by adding synthetically some pulses known
as blanking pulses.
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Blanking pulses are applied to the scanning beams
in both the camera tube and the kinescope in the re-
ceiver. Camera blanking pulses are used only in the
pickup device and never appear directly in the final
signal radiated to the receiver. They serve to close the
scanning aperture in the camera tube during retrace
periods. In orthicon tubes, the picture signal during re-
trace 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 con-
stant relationship to black exists during retrace, and the
only function 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 beam in the kinescope (reproduc-
ing 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 produced in the sync
generator from the same basic timing circuits that gen-
erate the scanning signals; hence thev are accurately
synchronized with the retrace periods. Typical wave-
shapes of a basic camera signal and blanking pulses are
illustrated in Fig. 4, A and B respectively. Only parts
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FIG. 4. Steps in synthesis of picture signal.

of two scanning line periods are shown, and the pulse
in B is therefore a single korizontal blanking pulse. The
result of adding the signals in A and B is shown in C,
where it 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 Fig. 4B,
actually contains pulses for removing visible lines dur-
ing 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 dura-
tion; but at times corresponding to the bottom of the
picture they are replaced by wvertical 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 shown in diagrams 1 and 2
of Fig. 5.

The picture signal shown in D of Fig. 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 com-
ponents arising from the fact that the output of the
pickup tube usually is not large compared to the noise
threshold of the first picture amplifier stage or some
other part of the system, such as the scanning 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 there-
fore 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
in diagram 5 of Fig. 5. That part of the diagram
below the point marked Blanking Level is a synchroniz-
ing (sync) pulse which will be considered later. The
overall vertical dimension f§ is the maximum height of
a blanking pulse. Thus the top horizontal line is Refer-
ence White Level, as indicated in diagram 3. The dura-
tion, or width, of the pulse must be sufficient to cover
the horizontal retrace in the most inefficient receiver.
Thus, the circuit limitations in such receivers set a
minimum limit to the horizontal blanking width which
was the basis for the RTMA specification in Fig. S.
This minimum is indicated by the width near the peak
(lower end) of the pulse and is prescribed by the sum
of two dimensions ¥ -} y, the value of which is 16.5%
of the horizontal period, H. The impossibility of produc-
ing infinitely 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 obviously sloped
sides.
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Because of inevitable discrepancies at the extremes
of the sides of the pulse, all measurements of pulse
widths are made at levels slightly removed from the ex-
tremes of the sides. These levels are shown by dotted
horizontal lines in diagram 5 of Fig. 5, spaced 10%
of f from top and bottom of the pulse.

Details of the vertical blanking pulses are shown in
diagrams 1 and 3 of Fig. 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 intermittent
tvpe, that the scene be projected on the pickup tube
only during the vertical blanking period. The maximum
period of 8% is ample for the operation of present-day
film pickup systems, the criterion being that enough
time must be allowed for projection so that there is
adequate storage of photoelectric charges on the sensi-
tive surface of the pickup tube. The minimum period of
5% is an indication of expected system improvements
in the future, when it will be possible to reduce waste of
picture transmission time in vertical blanking. The pres-
ent usefulness of the 5% minimum is to require receiver
manufacturers to maintain vertical retrace periods at less
than 5% and thus avoid the need for meodifying old
receivers when improvements are made in the system.
The problem of film projectors is discussed in a later
section.

The final step in synthesizing the complete com-
posite picture signal which goes to the modulator in the
transmitter is to add the synchronizing pulses which are
required for triggering the scanning circuits in the re-
ceiver. 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 Fig. 4. Here is one of the most important reasons
for having noise-free blanking. The synchronizing func-
tion in the receiver is a very critical one, and it is im-
portant that nothing be allowed 1o 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 Fig. 4, but will be discussed later along with other
details of synchronizing.

The sync signal is not added individually to the out-
put of each camera, but is added at the studio output
so that switching from one camera to another will not
cause even momentary interruptions in the flow of syn-
chronizing information 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 a definite low limit to
the frequency of pressure variations which the ear accepts
as sound. Therefore there is no need, for a sound trans-
mission system, to pass frequencies below the aural limit
which is somewhere in the neighborhood of 15 cycles
per second. The circuits may be a-c coupled without loss
of essential information. Even the best of practical sys-
tems have a low-frequency cutoff at about 30 cycles, and
most others cut off somewhere between 50 and 100 cycles.

The eyve, on the other hand, is sensitive to absolute
intensities of light and to slow variations of intensity.
As the frequency of variation increases, the eve rapidly
loses its ability to follow the changes and tends to pro-
duce a sensation which is an average of the variations.
It is this averaging ability that enables the eye to in-
terpret a rapid succession of still pictures as a portrayal
of smooth motion. This phenomenon is the basis of both
motion picture and television systems.

The important point, in the present discussion, is that
the eve 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 occasionally. Hence, the signal is
said to contain a d-c component. The television system
must either pass the entire spectrum, including the d-c
component, in each of its stages, or the signal must con-
tain 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 is desirable to use an a-c
coupled system. It is fortunate that relatively simple
means are known for d-c restoration. thus making pos-
sible the use of an a-c coupled system.

Fig. 6(a) illustrates a signal which contains a d-c
component in the form of a temporary change in the
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amplitude of the pulses. The period #; 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 ¢,), the signal becomes
distorted approximately as shown in Fig. 6(b). Here
the negative pulse peaks no longer fall on a constant
level, but the signal tends to adjust itself in a consistent
manner about an axis called an a-c axis.

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

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

Black Level

An absolute system of measurement must have a fixed
standard reference unit or level. This rule applies to
the problem of reproducing absolute light intensities. The
simplest and most obvious reference for such a system
is zero light, or black level as it is often called. This
is a reference level which can be reproduced 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 intervals.

D-C Insertion and D-C Restoration

Because the blanking or retrace periods are not useful
for transmitting actual picture information, they offer
convenient intervals for performing special control func-
tions such as d-c restoration as mentioned in the pre-
vious paragraph. If the peaks of the blanking pulses are
coincident with black level, or differ from black level
by a constant amount, then d-c restoration can be accom-
plished simply by restoring these peaks to an arbitrary
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reference level. Thus, in Fig. 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 component will have
been restored. Small errors will remain, corresponding
to the displacements in level between pulses, but these
are usually negligible and in any case do not become
cumulative. Hence the restoration is essentially complete.

It now becomes apparent that an extremely important
step in the 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. Tt
was pointed out previously that the peaks of these pulses
are produced by clipping off unwanted portions of the
signal, as illustrated in Fig. 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 required 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 sys-
tem, of bringing these peaks back to an arbitrary refer-
ence level is called d-c restoration. D-c restoration must
be accomplished at the input of the final reproducing
device (the kinescope) in order to reproduce 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 component. In a similar way, it is possible to
remove switching surges, hum, and other spurious signal
components which have been introduced by pure addi-
tion to the signal. Maintaining minimum 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 other
words, it makes possible economies in the power capabil-
ities of amplifiers such as the final stage in the picture
transmitter.

Diagram 3 in Fig. 5 illustrates part of a typical
picture signal including two horizontal blanking pulses.
It may be seen that there is a distinct difference between
actual black level and blanking level which is prescribed
as 5% of maximum blanking pulse amplitude. This dif-
ference is usually called setup and its magnitude was
set as a reasonable compromise between loss of signal
amplitude range and the need for a tolerance in oper-
ating adjustment. 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 pic-
ture signal are clipped off.

The accuracy with which setup is maintained depends
on characteristics of the pickup or camera tube. Some
tvpes of pickup tubes produce signals during blanked
retrace periods which are the same as, or are constantly
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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 adiustment of the clipper circuit. In gen-
eral, pickup tubes employing low-velocity scanning, such
as the image orthicon, provide this kind of basic black
level information. The iconoscope differs from orthicons
in this respect, because the secondary emission resulting
from the high-velocity scanning produces a potential dis-
tribution on the mosaic in which black level is far from
the level existing during the retrace periods when the
beam is cut off. In fact, the difference between black
level and blanking level varies continuously as the scene
brightness changes, because the potential distribution
caused by resetting of the secondaries likewise changes.
Automatic maintenance of setup, or pedestal height, can-
not therefore be obtained by reference to the signal
during blanked retrace periods in the iconoscope, but
may be obtained by reference to actual black peaks in
the picture signal. Where such reference is not practical,
a manual control may be readjusted from time to time
to keep the setup at the required value.

Synchronizing

The horizontal and vertical scanning circuits in a re-
ceiver are two entirely independent systems, both of
which require extremely accurate information to keep
them in step with the corresponding scanning svstems in
the camera, where the signal originates. Because the dura-
tion 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 with-
out increasing the average transmitted power level very
much. Thus, simple amplitude discrimination can be used
to separate the synchronizing information from the in-
coming composite signal in the receiver. Tt is, however,
desirable that a second increase in amplitude should not
be used to distinguish between horizontal 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 pic-
ture 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 discrim-
ination may then be used to separate them in the re-
ceiver. The shapes of these pulses and their relation
to the blanking pulses are illustrated in detail in Fig. 5.
Fig. 7 is a functional block diagram showing the steps
necessary to “utilize” the sync signals.

Diagrams 1 and 2 of Fig. 5 illustrate a typical com-
plete 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 displacement 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 scan-
ning line (H/2).

LF Second PicTuRE
DeTECTOR) = |AmPLIFIER K(nESCOPE
~r—
Sync. Woriz Osc.
~

SCANNING
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FIG. 7. Block diagram of picture-signal amplifier and
scanning circuits in typical receiver.

All sync pulses appear below black level in an ampli-
tude region which is sometimes called blacker-than-
black; hence thev can have no effect on the tonal grada-
tion of the picture. Horizontal sync pulses are (except
during the first portion of the vertical blanking interval)
simple rectangular pulses, such as those appearing at the
negative peaks or bases of the horizontal blanking pulses
and during the last portion of the vertical blanking pulses.
The duration of a horizontal sync pulse is considerably
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, forming 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
svnc 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 ampli-
tude of svnc.

The choice of the nominal width of horizontal sync
(0.08 H, see diagram 5 of Fig. 5) was influenced by
three factors. First, the width should be as great as pos-
sible so that ‘the energy content of the pulses will be
large compared to the worst type of noise pulses which
may be encountered in the transmission process, thus
providing maximum immunity to noise. Second, the width
should not be greater than is necessary to meet the first
condition, because average power requirements of the
transmitter may thereby be minimized. Modulation of
the picture transmitter is such that sync pulses repre-
sent maximum carrier power: hence it is desirable to
keep the duty cycle as small as possible. Third, the hori-
zontal 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 difference makes

.it easier to separate the vertical sync from the composite

sync signal. It has also been recognized that the back
porch is useful for a special type of clamping for d-c
restoration. Hence it should be as wide as possible.

Vertical sync pulses are also basically rectangular in
shape, but are of much greater duration than the hori-
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zontal pulses, thus providing the necessary means for
frequency discrimination to distinguish between them.
However, each vertical sync pulse has six slofs 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 scan-
ning circuit.

Before and after each vertcal pulse interval are groups
of six narrow pulses called equalizing pulses. These also
are for the purpose of maintaining continuous horizontal
sync information throughout the vertical sync and blank-
ing 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
arrangement 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 result
will become evident in following paragraphs. It is impor-
tant to point out that the leading edge (downward
stroke) of each horizontal sync pulse and of each equal-
izing 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 re-
ceiver; hence the intervals of H or H/2 apply to these
edges.

Perhaps the most difficult problem in synchronizing,
and the one in which there is the largest number of
failures, is that of maintaining accurate interlacing. Dis-
crepancies in either timing or amplitude of the vertical
scanning of alternate fields will cause displacement, in
space, of the interlaced fields. The result is non-uniform
spacing of the scanning lines, which reduces the vertical
resolution and makes the line structure of the picture vis-
ible at normal viewing distance. The effect is usually called
pairing. The maximum allowable error 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 component in
the vertical scanning invariably causes pairing. The fact
that the rasters produced 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 com-
ponent. It is this situation, and the need to prevent any
transfer of the 30-cvcle component into the vertical de-
flection, which account for the introduction of the double-
frequency 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 hori-
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zontal sync pulses in an integrating network similar to
that illustrated in Fig. 8.

Most receivers employ integrating networks of three
stages instead of the two illustrated. However, the gen-
eral character of the circuit action is clearly shown by
the wave-form diagrams in Fig. 8. In simple terms,
the equalizing pulses before the vertical sync pulses cause
the integrating network to “forget” the difference be-
tween alternate fields by the time the vertical sync pulses
begin. This is illustrated by the gradual convergence of
curves f and g 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 A, which is typical of the pulses applied to the
vertical oscillator in a receiver. Thus, the 30-cvcle 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 equalizing
pulses which follow the vertical pulse affect to some
extent the impedance of the circuit to which the vertical
scanning oscillator is coupled, and thus affect the ampli-
tude of its output; hence these pulses help to p.uvide
more nearly constant output of the oscillator. Both sets
of equalizing pulses contribute materially to the neces-
sary accuracy of vertical synchronizing.

The width of an equalizing pulse is half the width
of a horizontal sync pulse (see diagram 4 of Fig. 5,
and Fig. 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 Fig. 8 illustrate the undesirable effect of making
the equalizing pulses the same width as the horizontal
svnc 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 re-
ceiver if the hold control were adjusted 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 horizontal 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
preceding segment of a vertical pulse) do not trigger
the horizontal oscillator. Premature triggering can hap-
pen if the noise pulse is high enough and 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 requirements of spe-
cial clamping also are met more easily if the slots are
made as wide as possible.

A further important advantage of the RTMA system
of separating the vertical sync by frequency discrimina-
tion 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 thev are almost completely suppressed by the in-
tegrating circuit.
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Differentiation, or suppression of the low-frequency
components, of the sync signal before it is applied to the
horizontal scanning oscillator is done sometimes but it
is not necessary, and has not been indicated in Fig. 7.

The methods just described for synchronizing the scan-
ning circuits in a television receiver are complicated by
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 desired. Therefore it is customary
to use what are called driven scanning circuits in cam-
eras 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 signals are completely independent of each other
in the RCA system and are carried on separate trans-
mission 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.
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Fig. 9 illustrates a portion of the scanning lines ap-
pearing on a kinescope as a result of the application of
a television signal composed of RTMA sync and blanking
pulses. The group of lines shown are those occurring in
the neighborhood of the vertical retrace period including
a few before and a few after the vertical 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 in the
normal positions at the edges of the raster. This displace-
ment is brought about simply 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 individual scanning
lines become easily apparent, the pulse cross becomes a
ready means of checking the performance of the sync
generator. The shadows produced by the different pulses
are indicated clearly on the diagram. With linear scan-
ning, the horizontal dimensions of the shadows are meas-
ures 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 appropriate
lines, the numbers of equalizing pulses, slots, vertical
sync pulses, etc.. can be checked easily.
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A useful piece of station test equipment can be made
by modifying the deflection circuits in a picture monitor
to provide the displacement of the lines and the extra
large vertical expansion described.

Avutomatic Frequency Control of Scanning

The constant search for means of immunization
against the effects of noise has brought about the de-
velopment of automatic frequency control (afc) of the
scanning circuits in television receivers. In triggered cir-
cuits, each scanning line (and each field) is initiated
individually by a pulse in the incoming signal. In con-
trast to this, in an afc system, scanning generators are
governed by stable oscillators which, in turn, are con-
trolled by voltages obtained from phase comparison of
the incoming sync pulses with the scanning signals them-
selves. The time-constant of the comparison circuit is
usually made long, compared to the period of the scan-
ning, so that random noise pulses have very little effect
on the resulting control voltage, and correspondingly
little effect on the scanning frequency. The fact that
such afc circuits are keyed provides a further immuniza-
tion 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 makes possible
accurate synchronizing of a receiver under such bad
conditions of noise that the masking of the picture by
the noise renders it completely unusable. Thus, failure
to synchronize may be largely eliminated as a limiting
factor in picture reception.

AFC may be used with both vertical and horizontal
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 interruption, and may not recover for
a large number of seconds after the signal returns. Dur-
ing the period of recovery, the raster rolls over con-
tinuously 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 circuits, of
course, recover from signal interruptions very rapidly,
but they do not have the same high immunity to noise
that the afc circuits have.

As a result of the use of afc circuits in receivers, a
high degree of frequency stability is required in the hori-
zontal 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 Fig. 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 modula-
tion by a 60-cycle sine wave is illustrated.

EnoD OF y M BeaINNING OF

RETRACE ! "_,/ HOR. RETRACK
BEGivnING OF
BLANKING

END OF

BUANKING

FIG. 10. Efiect of frequency modulation of horizontal sync
and blanking on shape of raster in receiver with AFC
of horizontal scanning.

Horizontal retrace begins along a straight vertical
line regardless of timing; and since this retrace is con-
trolled by a stable oscillator 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 svnc generator must therefore.
be at least equal to the stability of the oscillators used
in afc receivers. The maximum rate of change of fre-
quency allowable in a sync generator has been specified
by RTMA 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 sound motion picture film for
television program material offers a special problem which
arises from the difference in the picture repetition rates
use. I'or reasons 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 pro-
jected 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 un-
changed; hence the sound take-off is entirely normal.

Another problem also presents itself in the use of
intermittent film projectors for television. 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 conditions. Such an ar-
rangement would leave only the vertical retrace period
(5% to 8% of the total, or approximately one thousandth
of a second) in which to pull down the film to the next
frame. 35mm film will not stand up under accelerations
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 illumination during
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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 optical image from the film. The signal generated
during this scan results from charges stored on the sensi-
tized surface during the preceding 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, with-
out 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 projection in
television is the use of a continuous projector, a type
which produces a stationary image from continuously
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 frequency is also 50 cycles per sec-
ond, 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 compensate 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
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 and many other ordinary sounds.
The change in pitch is undoubtedly noticeable to the
trained musician in the case of musical sounds and must
produce an unpleasant mental reaction to the music.
However, no easy solution to the problem is known, and
the situation is accepted without serious complaint. The
other aspects of the film problem are not affected by
the use of 50 fields instead of 60.

References

The preceding discussion is necessarily brief and can-
not serve as much more than an outline for further
reading. There are many papers dealing more compre-
hensively with the details and problems associated with
the various parts of the television system. References
to some of these are included in the following bibliog-
raphy. Most of the papers referred to also include refer-
ences to others which, in tote, comprise a comprehensive
list.
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One book deserves special mention as a reference cov-
ering much of the engineering background of our tele-
vision system. Tt is entitled, “Television Standards and
Practice,” (McGraw-Hill Book Co., 1943), and is essen-
tially an abridged version of the proceedings of the
National Television System Committee, as edited by
Donald G. Fink. It includes a statement of the standards
recommended by the Committee to the Federal Com-
munications Commission, discussion of the investigat-
tions on which the recommendations were based, and
references to pertinent papers.

Bibliography
SYNCHRONIZING AND SCANNING
1. "A Study of Television Image Characteristics,”” W. W. Engstrom, Proc.
IRE, Dec. 1933, Apr. 1935,
. “Scanning Sequence and Repetition Rate of Television Images,” R. D.
Kell, A. V. Bedford, M. A. Trainer, Proc. IRE, Apr. 1936.
. “Television Synchronization,” E. W. Engstrom and R. $. Holmes, Elec-
tronics, Nov. 1938.
. “Determination of Optimum Number of Lines in a Tevision System,”
R. D. Kell, A. V. Bedford, G. L. Fredendall, RCA Review, July 1940.
. ""Postwar Television Standards,” A. N. Goldsmith, Televiser (Fall), 1944.
. Slotted Vertical Sync Pulses, U. S. Patent 2,192,121, A, V. Bedford.
. Integration of Slotted Vertical Sync Pulses and Use of Double-frequency
Equalizing Pulses, U. S. Patent 2,207,775, A. V. Bedford; U. S. Patent
2,223,812, A, V. Bedford.
8. A Synchronizing Generator for the RMA Synchronizing Signal, U. S.
Patent 2,258,943, A. V. Bedford.

9. "A Precision Television Synchronizing Signal Generator,” A. V. Bedford
and J. P, Smith, RCA Review, July 1940.

10. /A New Synchronizing and Blanking Signal Generator,” E. Schoenfeld,
W. Milwitt, W. Brown, RCA Licensee Bulletin LB-678, Aug. 1, 1946.

PICKUP TUBES

11. ""Television Pickup Tubes with Cathode-ray Beam Scanning,” H. lams
and A. Rose, Proc. IRE, Aug. 1937.

12. “The Image lconoscope,’”” H. lams, G. A. Morton, V. K. Zworykin, Proc.
IRE, Sept. 1939.

13. “Television Pickup Tubes Using Low-velocity Beam Scanning,” A. Rose
and H. lams, Proc. IRE, Sept. 1939.

14, “The Orthicon, A Television Pickup Tube,’” A. Rose and H. lams, RCA
Review, Oct. 1939,

15, “The Image Orthicon, A Sensitive Television Pickup Tube,” A. Rose,
P. K. Weimer, H. B. Law, Proc. IRE, July 1946,

THE D-C COMPONENT

16. ’I’gAE Picture Transmission,” H. N. Kozanowski, Broadcast News, Aug.

17. “The Clamp Circuit,” €. L. Townsend, Broadcast Engineering Journal,
Feb., March 1945,

18. “New Television Field Pickup Equipment Employing the Image Orthi-
con,” J. H. Roe, Proc. IRE, Dec. 1947.

19. “Television D-C Component,” K. R. Wendt, RCA Review, March, 1948,

20. “How to Use the Television Stabilizing Amplifier,”” J. H. Roe, Broadcast
News, May 1948,

MOTION PICTURE PROJECTORS FOR TELEVISION

21. “Some Television Problems from the Motion Picture Stand-point,’”” G. L.
Beers, E. W. Engstrom, |. G. Maloff, Jour. SMPE, Feb. 1939.

22. "Application of Motion Picture Film to Television,” E. W. Engstrom,
G. L. Beers, A. V. Bedford, Jour. SMPE, July 1939.

23, “Film Projectors for Television,” R. V. Little, Jr., Jour. SMPE, Feb. 1947.

RECEIVERS

24, “Television Receivers,” E. W. Engstrom and R. S. Holmes, Electronics,
April 1938.

25, "Television Receiving and Reproducing Systems,’”” E. W. Engstrom, Jour.
App. Phys,, July 1939.

26. "Automatic Frequency and Phase Control of Synchronization in Tele-
;/‘i;sion Receivers,” K. R. Wendt and G. L. Fredendall, Proc. IRE, Jan.

43,
27. "Television Receivers,” A. Wright, RCA Review, March 1947,

GENERAL
28, "Television Standards and Practice -N.T.S.C.”" edited by D. G. Fink,
McGraw-Hill Book Co., Inc., New York, 1943,
29. “Principles of Television Engineering,” D. G. Fink, McGraw-Hill Book
Co., Inc., New York, 1940.
30. “"Television,” V. K. Zworykin and G. A. Morton, John Wiley and Sons,
New York, 1940.
31. “"Cathode-ray Tube in Television,” |. G. Maloff and D. W. Epstein.
McGraw-Hill Book Co., Inc., New York, 1938.
32. "'Television'
Vol. 1, RCA Institutes Technical Press, N. Y., July 1936.
Vol. 1, RCA Institutes Technical Press, N. Y., Oct. 1937,
Vol. 111, {1938-1941) RCA Review, RCA Laboratories Div., Jan. 1947,
Vol. 1V, (1942-1946) RCA Review, RCA laboratories Div., Jan. 1947.
33. “Television—A Bibliography of Technical Papers by RCA Authors (1929-
1946),"” pamphlet published by RCA Review, Nov. 1946,
34. "Noise in Resistances and Electron Streams,” J. R. Pierce, Bell System
Tech. Jour., Jan. 1948,

NOW»n FS w N



Fundamental Circuit Theory

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-fre-
quency circuit applications. Sinusoidal wave forms are
the exception rather than the rule. Usually the complex
wave forms observed in television circuits are rectan-
gular pulses, sawtooth shapes, or combinations 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 fundamental
television circuits emploving concepts 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 positive region where grid
current flows. This type of amplifier may be used as a
limiting or clipping device or as a pulse amplifier. A
circuit diagram is shown in Fig. 11.

FIG. 11, Overdriven amplifier.

In the overdriven amplitier the following symbols
apply:

r, = d-c plate resistance — e,/i,. For e, = 0 assume
r, constant

— 10,000 ohms approximately for 6SN7.

r, —d-c grid resistance — e,/i,. Assume r, constant
for given tube

= 1,000 ohms approximately for 6SN7.

E., — grid voltage for plate current cut-off
= E,,/p for triodes only.

R, — grid limiting resistor which limits grid voltage
to a value slightly positive with respect to the
cathode.

Fig. 12 shows an equivalent circuit and the resultant
wave forms when a sinusoidal voltage e; is applied to
the grid. In this equivalent circuit, switches S, and S,
are open when the grid voltage is below cut-off. They
are closed when the grid voltage is positive with respect
to the cathode.

@
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|
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FIG. 12. Overdriven amplifier, equivalent circuit and wave form,

When e; — 0, the grid voltage ¢, is equal to E;.
When ¢, — E; — 0, grid current flows and limits ¢, to
a slightly positive value, The grid voltage remains posi-
tive and constant, because of the drop across R, (note
that R, >> r,), until ¢; approaches the 180-degree point
of the cycle. During the first half-cycle 7, rises rapidly
to a value determined by r, R,, E;, and E,, and
then remains constant until e, becomes negative. When
e; + E; is equal to the cut-off voltage, 7, falls to zero
and no plate current flows for the remainder of the
cycle. During the time that e, is zero or slightly positive,

5 Ri (Ew—E)
af, —— - - — -
r, + Ry,
When plate current is cut off (S, open),
E, = E.
In this circuit the sinusoidal input voltage has been

clipped at both top and bottom to give a rough square-
wave output voltage.

Cathode Follower

A linear cathode-follower stage differs from the ordi-
nary amplifier circuit in five ways: (1) the signal polarity
is not inverted, (2) the gain is less than 1, (3) the out-
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put impedance is low, (4) the input impedance is nigh,
and (5) the input capacitance is lowered. It may be used
(1) after a pulse-shaping circuit to prevent loading of
the circuit, (2) to drive tubes requiring grid power with-
out altering the 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 circuit are shown in
Fig. 13 for incremental quantities.

FIG. 13. Cathode follower circuit.

From Fig. 13 it may be seen that e, e ex’
hence we, becomes u(e; ex). Then in the equivalent
circuit

. ule e;)
r» + Ri

and the output voltage e, is
€ — € — i.ka
_ule FA-LRk
7o + Ri
from which the gain A is expressed
e!, _ u Rk -
(7] fp—l—(‘ll—l—l)Rk

If the amplification factor « is large, compared to 1, the
gain 4 becomes

A=

« Ry,

= TR

In another form, the gain may be expressed

1+-“R
r,,k

_ 7gm Rk
_1 + Em Rk

The last equation resembles the equation for the gain
of an ordinary amplifier stage reduced by the factor

1
I + euRe
The grid-to-cathode input capacity is reduced by the

same factor, and the total input capacity becomes
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Cyi

Ci = ——————
Cg,. + 1 + Em Rk
Similarly, the output impedance is reduced to
Ry
ZO o 1 + gm_Rk_
Multivibrators

A multivibrator is a circuit arrangement in which two
tubes operate as switching elements to control the dura-
tion of current flow in the two load resistances. It may
be compared to an oscillator, in that its action can be
self-sustained. 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 repetition rate is equal
to the desired frequency. There is also a type of multi-
vibrator known as a “flip-flop”, “one-kick”, or ‘‘one-
shot” multivibrator. This type of multivibrator performs
one cvcle of operation only when triggered by an ex-
ternal synchronizing signal.

Iig. 14 is a circuit diagram of an unbiased free-
running multivibrator. Capacitor C; couples the grid of

-~

FIG. 14. Unbiased free-running multivibrator.

T, to the plate of T,. Similarly, C, couples the grid
of T, to the plate of T,. The circuit operates as follows:
Suppose E,, is applied when both tubes tend to conduct.
Any small difference in circuit values or tube character-
istics will result in one tube carrying more current than
the other. Suppose more current flows in T,. The greater
voltage drop in R, is impressed on the grid of T, mak-
ing that grid more negative and decreasing the current
flow in T,. The plate potential of T, rises, and this drives
the grid of T, toward positive potential, causing T, to
draw a still greater current. The effect is cumulative
and results in T, carrying maximum current while T,
is cut off.

The cycle of operation following the cut-off of T is
shown in Fig. 15. The plate voltage of T, drops to a
value equal to

Tp

———— Ey.
r, + Rips v
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FIG. 15. Operating cycle of free-running multivibrator.

Since the grid of T, is coupled to the plate of T,
through (5, the grid voltage of T, also drops below zero
by an amount equal to egr,. Grid voltage ¢, tends to go
positive because ¢, rises to E,, when T, is cut off: how-
ever, (", charges quickly through R,. and r,, and leaves
e,; at approximately zero potential. Capacitor C, begins
to discharge exponentially through R, and R, and 7,
in parallel. The equivalent circuit, for €, discharging,
is shown in Fig. 16.

1

Re, Cz

FIG. 16. Capacitor discharge circuit.

The equation for the discharge of a capacitor is
¢e — E, ¢ VRC

where ¢, — voltage on capacitor at time /

E, — total discharge voltage

RC — time constant of discharge circuit.
Since we are interested primarily in e,,, we shall con-
sider the voltage across R,,. At the beginning of the
discharge ¢,, = eg,,. The steady-state condition toward
which ¢,, is tending is zero volt; however, when ¢,,
reaches cut-off voltage, tube T, will begin to conduct,
and tube 7', will be cut off.

From Fig. 10 it can be seen that the total resistance
in the discharge path is

Fpi RI,I
pl + Rl;l

Stray capacity is neglected in the calculations, but tends
to round the corners of the plate-voltage wave form as

Rg2 + r

shown in Fig. 15. From the foregoing we may write
the equation for the voltage on the grid of T':

€2 = cp,, ¢ YRC
Tp1 + Ry, .
Eo = er,, ¢ t'-’/( Rpe + R C,
p! h

(specific equation to point of cut-off).

In the usual design problem all the constants are
known or can be determined, with the exception of R,,
and C;. The value of R;, is determined by the ampli-
tude of plate-voltage change desired. E,, and r,, depend
upon the tube type. The time interval ¢, is known for
a particular application and is the time that T, is not
conducting. The product R,,C, may be calculated from
the equation for voltage across R,,.

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

It will be noted in Fig. 15 that ¢, approaches F,.,
at the angle a. Since this angle is small, any variation
in tube characteristics or components causing a shift in
E,, will alter the cut-off period ¢ because the point of
intersection of e, with E., will change. When it is essen-
tial that ¢ remain nearly constant over a long period
of operation, the grid may be returned to E,, as shown
in Fig. 17.

bb ?Le
Ry, eg‘

s
T, =-—

CI Cz Egg’_‘

FIG. 17. Grid return circuit.

The discharge wave form for ¢,, is shown in Fig. 18.
In this example, e,, is heading for E,, instead of zero
potential as in the previous case, and the angle a is
large. Small variations in E., will not greatly alter the
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FIG 18. Grid voltage wave form.



intersection of e,, and E,, and thus ¢, will remain very
nearly constant. The equation for the discharge of C,
becomes

Ew + Eoo = (em,l, + Ey) ¢ 4/RC

An example of the so-called “flip-flop” multivibrator
is shown in Fig. 19 with the associated wave forms.
Tube T, is normally conducting, and plate-current flow
through R; keeps T, cut off. When the grid of T, re-
ceives the trigger pulse, e,, decreases and drives the grid
of T, below cut off. T, remains cut off until C, dis-

}\ TRIGEER
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FIG. 19. “Flip-flop’’ multivibrator.

charges to the cut-off potential, at which point T re-
sumes conduction until another trigger pulse is received.

Cathode-Coupled Multivibrators

The mutivibrators discussed thus far operate well, up
to pulse repetition rates of several thousand pulses per
second. At higher repetition rates, stray capacity tends
to cause unstable operation. To minimize stray-capacity
effects and extend the stable range of operation, one can
resort to cathode coupling between stages.

A cathode-coupled multivibrator is shown schematically
in Fig. 20.

FIG. 20. Cathode-coupled multivibrator.

When 4B voltage is applied to the circuit, plate-
current flow establishes across R; a bias voltage com-
mon to both tubes. At the same time the voltage drop
across R, is impressed on the grid of T, reducing the
plate current in T, and lowering the bias voltage across
R;. With lower bias voltage, T'; carries a larger plate
current, and the resulting plate-voltage drop drives the
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grid of T, more negative. The process is cumulative and
rapid, so that T is cut off quickly.

Capacitor C, discharges in normal manner until the
grid reaches cut-off potential. This cycle is shown, dur-
ing ¢;, in Fig. 20. Then T, begins to conduct. The flow
of T, plate current through R; reduces the plate current
in T, because of increased bias. The plate voltage of T,
rises as the plate current decreases, and this voltage rise
is coupled to the grid of T, through C.. The grid of T
is driven positive by this cumulative process. Heavy cur-
rent in T, cuts off T,

Now C, begins to charge through R, and the parallel
combination of r, and R,,. It charges quickly until the
grid voltage is reduced to cathode potential. Then T,
grid current ceases, and C, continues to charge through
Ry, and R,,. At the end of the time interval ¢, plate
current in T, has been reduced sufficiently to allow T,
conduction. From this point on, the cycle is repeated.

This circuit does not have a stable state, because
neither tube can keep the other in cut-off condition, thus
it is free-running and unstable. 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 undesired por-
tions of complex wave forms by limiting the amplitude
excursion in either the positive or negative direction, or
in both directions. Clippers or limiters are usually applied
in circuits in which pulses are formed and shaped to
desired specifications.

Fig. 21 illustrates a simple peak-clipping circuit
which may be used to form a square wave from a

T, CONDUCTING

FIG. 21. Peak clipping circuit.

sinusoid. Two diode elements, T, and T,, are connected
as shown. Bias battery E; keeps tube T, cut off until
input voltage e; increases in the positive direction to a
value equal to E,. Further increase in e; causes conduc-
tion of T, and results in a voltage drop across R. as e;
increases, both the current in T, and the voltage drop
across R increase so that the output voltage e, is fairly
constant after e; becomes slightly greater than E,. A sim-
ilar condition holds for the negative half-cycle of the
input voltage. In this, the output voltage increases in
the negative direction until bias E, is overcome. Then



conduction in 7T, limits the output voltage to a fairly
constant value, Wave forms for the cycle of operation
are shown in Fig. 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 previous pages
may also be used for performing a clipping operation.
Fig. 22 is a practical triode clipper circuit utilizing a
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FIG. 22. Triode clipper circuit.

tvpe 6SL7 tube. It may be desirable, for example, to
remove overshoots or distortion in the tops of a square
wave such as e; in Fig. 22, If ¢; is symmetrical about
the a-c axis, the grid of T, will assume a bias voltage,
due to grid current, which will permit just the tip of
the pulse to reach zero potential with respect to the
cathode. If the pulse amplitude is sufficiently large, the
negative excursions will drive the tube bevond cut off
and eliminate the overshoot on the negative half-cycle.

The signal on the plate of T, consists of a square
wave with overshoots eliminated in the positive half-
cycle. By passing this signal through T, 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 circuits, 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 Fig. 23. Suppose the input voltage
consists of alternate positive and negative pulses ob-
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FIG. 23. Clipper circuit.

tained by differentiating a square wave. It is desired to
clip the positive pulses midway between the axis and
the tips. Voltage relationships are shown in Fig. 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 (c) in Fig. 4, it is imperative
that the slope of the grid characteristic 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 Fig. 24 accomplishes the desired result.

The linear clipper circuit includes a pentode V,, a
load resistor R, in series with a diode section Vg, and
an additional load resistor R, in parallel with R, and V,.

- v2

ouT

+Eg

FIG. 24. Linear clipper circuit.

The value of R, is approximately 20 to 30 times that
of R,. Both plate and screen supplies are regulated.

Fig. 25 shows the characteristic curve for the linear
clipper.

|
CLIPPING LEVEL |
(BLACK LEVEL) —>I|

FIG. 25. Linear clipper characteristic.
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When ', is operating on the linear portion B-C, the
plate current i, is #, -} i,, and the plate voltage is less
than £,/2; hence V, conducts and causes signal current
i, to flow in R,. At point B the plate voltage of 17, is
equal to E,/2. Between B and . the cathode voltage of
1" is greater than F,/2; therefore i, 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 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 re-
sistance without affecting plate current. As i, approaches
zero, the ratio {,/i, changes rapidly, resulting in a rapid
change of I, cathode voltage in the cut-off region.

By adjusting the equivalent bias on V7, 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 Fig. 24. By proper bias adjustment the
second diode can be made to conduct at a potential just
above cut-off of the limiter so that unwanted signals are
shunted to ground when the limiter is inoperative.

Blocking Oscillators

A Dlocking 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. IYig. 26 is a schematic
diagram of a simplified blocking oscillator circuit. The
coupling coefficient of the iron-core transformer T' is very
nearly unity. The connection polarities of the trans-

+8

FIG. 26. Blocking oscillator circuit.

former must be as shown. Wave forms for the operating
cvcle are given in Fig. 27.

When B is applied and plate current starts to flow,
a voltage develops in the primary winding, due to the
inductance drop 1. 4/ 4. 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 in-
creased. The effect is cumulative and causes the grid
to go positive quickly. As the grid is driven positive,
two actions occur: Grid current tflows and charges C,;
and plate voltage is reduced to such a low value that
further increase in grid voltage will not increase the
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FIG. 27. Blocking oscillator operating cycle.

plate current. The secondary voltage then ceases to in-
crease, and C, begins to discharge. The discharge of C,
lowers the grid voltage, causing a decrease in plate cur-
rent. The induced voltage in the secondary is in the
negative direction, due to the change in di,/dt, and the
grid is driven quickly below cut-off. Then C, is dis-
charged through R, and the transformer secondary until
the grid voltage is less than cut-off. When plate current
starts to tlow, the cycle is repeated. The unbiased block-
ing time is roughly 2 or 3 times C,;R,, depending upon
the transformer turns ratio, inductance values and self-
resonant frequency. The blocking oscillator frequency
may be controlled by varying the bias on the grid or
on the cathode, or by varving R,.

The blocking oscillator may be synchronized by apply-
ing either a sine-wave or a pulse voltage across a resistor
in 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. Fig. 28 shows a simple
step-charging circuit and the resultant wave forms.

FIG. 28. Step-charging circuit.

Assume that the plate voltage ¢, rises quickly at time
t; and that ¢, == 0. Diode section 7', will conduct and
charge ', and C,. The voltage across C, is given by the
equation.

el
G+ G

€



When ¢, returns to its minimum value, diode section T,
will conduct and discharge C,. At time £, diode T, con-
ducts again, charging C, and C,. This time, however, the
total change in ¢, is not divided between (', and (', since
C, has on it the voltage developed at time ¢,. Let ¢, de-
note voltage to which C, was charged during the initial
pulse. Then

. (e, — ;) Cl(
€y = C, + C,

Ilach succeeding step may be calculated in the manner
shown above. The voltage on (, 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, (7, is discharged and the cycle
is repeated.

Non-Linear Mixers

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

3

FIG. 29. Non.linear mixer.

Fig. 30 is a curve taken on a type 6L7 tube for
the electrode voltages shown. If the bias voltage is set
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FIG. 30. Characteristics of Type 6L7 Tube.

at —14.5 volts as indicated, either grid potential may
be reduced to zero without plate current flow.

A-F-C Discriminator Circuit

To improve receiver performance, certain limitations
have been recommended by the RTMA Committee on
Standards for the maximum acceleration of the syn-
chronizing-signal frequency. Also. it is desirable to lock
the frequency of the sync generator to a local 60-cycle
power supply so as to simplify studio and remote opera-
tion. Since the local power-supply frequency may change
by an amount exceeding RTMA standards during sudden
load changes. a means of delayed frequency control must
be devised, in which the acceleration of frequency, in
cvcles-per-second per-second, does not exceed the recom-
mended standard. Such a circuit is the lock-in circuit
shown in Fig. 31.

60~ PULSE INPUT

D-C QUTPUT
VOLTAGE

)
L}
PULSE INPUT :

FIG. 31. Frequency conirol circuit.

The circuit consists of four diode elements in a bal-
anced bridge network. The sine wave of the local 60-
cycle supply is clipped and applied across the bridge. A
60-cyvcle pulse voltage, derived from the synchronizing
signal oscillator, 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 Fig. 31 it may be seen that, nor-
mally, T, and 7', would conduct during the negative
half-cyvcle: however, a bias voltage, built up across R,C,,
prevents conduction. Similarly, T; and 7T, would nor-
mally conduct during the positive half-cvcle, except for
the bias voltage. The pulse voltage overcomes the bias
voltage when the clipped sine wave is passing through
zero, and 7', and T', conduct briefly during a small por-
tion of the negative half-cvcle, while Ts and T, conduct
momentarily during a small portion of the positive half-
cvcle. If the pulse voltage is in phase with the power
line voltage and of the same frequency, the net charge
on C, will remain the same.

If, however, the frequency relationship between C,
and the pulse voltage should change, the charge on C;
will change because the diodes will conduct more during
one of the half-cycles than during the other. The time
constant of R,(’; may be adjusted to provide for slow
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changes in the d-c output voltage, thus preventing erratic
changes in power-line frequency from appearing in the
control voltage.

The d-c output voltage is used to control a reactance

tube for changing the frequency of the pulse voltage.

Reactance Tube Circuit

A reactance tube is used for controlling the frequency
of an oscillator by varying the effective tank circuit in
the plate of the oscillator. Fig. 32 shows a typical re-
actance tube circuit.

D-C CONTROL ap,

VOLTS

FIG. 32, Reactance tube circuit.

“G=

In this circuit, R, >> 1/jwC,. Let the impedance
between points “C” and “D’’ be Z, — R,. The impe-
dance from “D” to “G” is 1/jwC,, which we shall call
Zs. Then we may draw the equivalent circuit shown in
Fig. 33.

A
b
'p‘lr f L l
--F ¢ Z,> € 0= ¢,
Z;] e Hey { T
' B8

FIG. 33. Reactance tube equivalent circuit.

U 25> Ze e, — 202 EZ
1 2, €y —F+ 22 - Zl
If Zl + Zz >> £ ip e= i
. gm Zo E
but i, = gme, = —Z—:—

The admittance, looking into the reactance tube
plate is

o i __&m Z,
YAB = E == Z,
or
__ Em
YAB - ]u)Cg R1

Thus, the admittance of the reactance is equivalent
to an inductance which would vary with g,. The vector
diagram of current and voltage relationships is shown
in Fig. 34.
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P = £

FIG. 34. Reactance tube circuit vector diagram.

Mutual conductance of the reactance tube is varied
by changing the d-c grid bias. This circuit, in conjunc-
tion with the lock-in circuit previously described, may
be used to keep the frequency of an oscillator syn-
chronized to a local power source.

Sawtooth Generators

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

de

—dt-v-: 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
cvcles and 15,750 cycles per second.
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FIG. 35. Sawtooth generator circuit.
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Fig. 35 is a circuit diagram of a sawtooth generator
commonly used in television equipment.

Assume that C is charged at the beginning of a cycle.
Pulse ¢; is applied to the grid with sufficient amplitude
to drive the grid positive. The triode conducts heavily,
discharging C. During the positive pulse interval, the
flow of grid current produces a bias voltage across the
grid resistor of sufficient amplitude to cut the tube off
when the pulse goes negative. Capacitor C charges
exponentially through resistor R while the tube is cut
off between pulses.

In the analysis of the sawtooth generator, certain
assumptions will be made. First, we shall assume com-
plete discharge of C during the pulse. Usually r, << R



and ¢, is long enough to permit the voltage across C to
discharge to E,r,/(r, 4+ R). With r, << R, we have
e; = 0.

Now we shall define a linearity factor A. Consider
Fig. 36 in which we have a linearly increasing voltage

9 _constant EL/RC

dt .
//// '4——- E—b-Ti/\
ec - 7 RC
- |
> 1
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FIG. 36. Analysis of sawtooth voltage.

of constant slope de/dt. Such a voltage may be obtained
by making the charging current constant, or

1 t
cc:-—f idt
Cc [4]

1
=

c

Eyt

RC

In the ordinary sawtooth generator circuit, the charging
current is not constant but varies exponentially so that

the voltage on C at the time T, is less than the voltage
for the ideal case by a factor 4, or

E') T.'z
€ — Rz; -A

The linearity factor 1 is thus expressed as the percentage
of ideal voltage to which C charges in a simple circuit.

From the simple circuit we know that
€. = Eb(l € Ts'/RC);
hence

RC
A= (1- Ts’ RCYy .
(1 — Ty o5

If we expand the exponential term about zero by
means of a McLaurin’s series we obtain
CARE
RC7 6

o
-

T. T.
l:[l-(l_R(')_*_(R(‘) 2
T, \' 1 RC
(IéC) 24+"'] i

Ty y\ 1 - Te \* 1 T, \* 1
=1 — = —— aaa
(RC)Z +(RC)6 (RC)24+ :I
Let us take the first two terms and rearrange
2 T, 1

—_——2=

A RC i

If we restrict the value of 1 to the limits 0.75 to 1, we
may write

L. _ 2
RC
Substituting, we obtain

e, = E, (—}—2)1

The preceding equations are useful for determining
the charging time constant and output voltage for a
given supply voltage and linearity requirement. The
linearity factor usually varies from 0.90 to 0.95.

Blocking Oscillator Sawtooth Generator

The sawtooth generator described above requires a
pulse driving signal of fairly good rectangular wave
shape. If the driving pulse fails, no sawtooth output is
obtained. A blocking oscillator can be used as a saw-
tooth generator to provide output voltage even though
the synchronizing source may fail. Fig. 37 is a circuit
diagram of such a generator.
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FIG. 37. Blocking oscillator sawtooth generator.

In this circuit, R and C form the sawtooth through
the charging and discharging action of the tube. Assume
that C is charging through R. Then the blocking oscil-
lator conducts heavily, discharging C. When the grid
is driven below cut-off, the tube ceases conduction, and
C charges through R. The blocking oscillator is syn-
chronized by a pulse signal whose wave form need not
be rectangular. Frequency is adjusted to the synchroniz-
ing signal by the “hold” control. Amplitude of the saw-
tooth is adjusted by the “height” control.

Linearity

The linearity of the output voltage from the conven-
tional sawtooth generators described above varies with
the time constants used; and the voltage always is an
exponential, instead of a linear, function of time. Special
methods may be applied to improve the linearity of
the sawtooth. One means by which linearity may be cor-
rected is shown in Fig. 38.
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FIG. 38. Sawtooth linearity circuit.

In this circuit C is charged during the input pulse
and discharged through a constant-current pentode 7.
Since the discharge current is very nearly constant, the
voltage on the capacitor becomes

e l"]
¢ ({)z(t

Kt
¢
The plate resistance of the pentode can be increased by

using a large cathode resistor R,, thus increasing the
effective plate resistance by 1/ (1 ZnR5).

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

By the use of feedback to the pentode oi Fig, 38,
a perfect sawtooth may be obtained. In Fig. 39 a por-

L

FIG. 39. Linearity feedback circuit.

tion of the sawtooth output is fed back to the cathode
of the constant-current pentode. The effective plate re-
istance is high as C begins to discharge, and decreases
as the discharge proceeds. Not only may a linear saw-
tooth be obtained. but a strong overcorrection may be
attained.

These, and other methods of linearity correction. are
described in the December 1946 issue of ‘“Electronics”
in the paper “Linear Sweep Circuits,” by Robert P.
Owen,
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Magnetic Deflection

Deflection of the electron beam in kinescope and cam-
era 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 trans-
verse force which causes it to move along an arc of a
circle. On leaving the magnetic field, the electron con-
tinues along a straight line which is tangent to the arc
at the field boundary, as shown in Tig. 40. The elec-
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FIG. 40. Electron path at field boundary.

e

tron emerges from the field at an angle ¢ with respect
to the original direction of motion. The total angle of
deflection is 26. In present-day kinescope tubes, the
maximum angle of deflection is 50° and is limited by
inside neck diameter and length of field 4.

The magnetic field required for deflecting the electron
beam in a television kinescope or pick-up tube is pro-
duced 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 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 occurs during the winding process.
Fig. 41 is a rough sketch of a modern voke winding.
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FIG. 41. Deflection yoke winding.

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

2.68 I, sin 0N/ E,
i
where V] — ampere-turns of winding

NI =

{, = length of air gap, inches
4 = length of magnetic field, inches
6 = 15 total deflection angle

E, — accelerating potential, volts.



Note that the above value N/ is for half the total
deflection angle. To obtain N7 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)u — 0.8 N/
while for the vertical winding it is

(1\71)]' = 0.6 L‘Vl.

Vertical Deflection Circuit

Fig. 42 shows a vertical deflection circuit in its
simplest form. The vertical voke winding is transformer-
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FIG. 42. Vertical deflection circuit.

coupled to a 6SN7 triode. T',, with both sections parallel-
connected. The driving sawtooth is generated in a con-
ventional sawtooth generator, T,.

Practical values for the vertical winding of the voke
are . — 48 millihenrvs and R — 70 ohms. At the ver-
tical scanning frequency the load impedance becomes

Z, — 70 + j18.1

In the design of the transformer and driving circuit.
the inductive component of the load is neglected. The
problem then becomes one of designing a transformer
which will match the voke resistance to the driver tube
and present sufficient primary inductance for good low-
frequency response. A type 6SN7 triode provides suffi-
cient output to deflect a 9-kv beam. The plate resistance
of 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 trans-
former turns-ratio becomes

A\yprﬂ\'s = \//;Z:TFZ; = \/ 7000//% = 10//1

Good low-frequency response is obtained by making the
primary inductance large. In the RaptoTRON DESIGNER’S
HaNDBooK the ratio of low-frequency gain to mid-band
gain is given as

1
V 1+ (rp/Ly)*

If the response at 60 cycles is to be 1 db down. .1, be-
comes 0.89, from which

A,

Ly/r, — 194,

For the circuit of Fig. 42 the primary inductance should

be 18 henrvs. Actually. for standard vertical-deflection
transformers. L, varies from 40 to 60 henrys.

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

The picture is centered by adjusting the centering
potentiometer so that a steady d-¢ current flows in the
voke. Current may be caused to flow in either direction
to move the picture in either direction.

No external damping of the voke 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 discussed. Additional tubes
and circuit components are required, however, and if
the expense is justified, an automatic control may be
used.

6K6 OR 6V6G

L

FIG. 43. Automatic linearity control circuit.

»

FIG. 44, Sawtooth linearity control.
. Current sawtooth containing distortion.
. Plate 6SH7 sawtooth plus distortion.
Input sawtooth.
., Grid 6AG7 distortion only.
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B-25



Fig. 43 shows an automatic linearity control circuit
developed by the Advanced Development Section, Home
Instruments Department.

The circuit operates as follows. A pilot voltage is
developed across R, in the yoke circuit, which is pro-
portional to the current in the yoke. This voltage con-
tains the distortion of the current sawtooth and is shown
in Fig. 44(a).

The distorted sawtooth is amplified in a high-gain
pentode and fed to the top of Rs. A sawtooth of good
linearity is fed into the driver tube, 6K6 or 6V6, and
also to R,. In the resistance network R;R, the linear
sawtooth is compared to the distorted sawtooth, and the
existing 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 distortion. The values of
R, and R, should be less than one-half megohm to pre-
vent integration of the linear sawtooth.

Horizontal Deflection Circuits

Circuit design for magnetic deflection of the electron
beam at horizontal-line frequencies requires 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 ex-
pended in deflecting the beam. An ideal cyclic system
requires wattless power. Such a system will form the
basis for study of the horizontal-detlection problem.

i . £
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FIG. 45. Equivalent horizontal deflection circuit.

Consider the simple circuit of Fig. 45. The yoke
is represented by L, C,, R,. Suppose that switches S,
and S, are open at the time ¢+ — 0. At the beginning
of the deflection cycle, S, is closed, applying voltage E
across I, R, and C,. If it were not for R,, the cur-
rent through I, would increase linearly with time, as

expressed by the relation
i _ I

dt /5
Since R, is present, the current rises exponentially until
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switch S, is opened. At this point, the beam has been
deflected to the right-hand side of the picture. The mag-
netic field must be reversed quickly in order to return
the beam to the left-hand side of the picture, to begin
another trace.

Since L,, C,, and R, form a resonant circuit, the fast-
est means for reversing the field is to permit the wind-
ing to oscillate for approximately one-half cycle at its
natural resonant frequency.

When S, is opened, the magnetic energy stored in
the field of I, is converted into potential energy by
the flow of +7 into C,, and back into magnetic energy
bv the flow of —i, resulting in an almost complete re-
versal of the field. Losses in the resonant circuit limit
the completeness of reversal to

—’.1—-%6_"/2()
4

Fig. 46 indicates the current and voltage waveshapes

in the yoke for a complete deflection cycle.

When the current in the yoke has reached the value
i, in the negative direction, switch S, is closed, which
places damping resistor R, across the oscillating circuit.
If S, were not closed, the yoke would continue to oscil-
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FIG. 46. Deflection.cycle waveshapes.

late, as shown by the dotted lines in Fig. 46. Closing
of S, causes the oscillatory circuit to be slightly over-
damped, so that —i decays exponentially. When —i
reaches zero, §; is closed again to begin another cycle.

Because of the presence of the /R drop in the in-
ductance, the resultant current wave form in the voke
is exponential instead of being linear with time, as de-
sired. If the iR drop can be canceled, the total voltage
E may be applied to L,, resulting in a linear current in
the voke. Suppose we insert a generator in series with E,
whose characteristic is

Ae

——=— —R.

At
Then the linear rise of current in L, may be obtained.
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 S,. Also, we may
use a vacuum tube to replace S, and add —R for the
oscillatory phase. Such a circuit is shown in Fig. 47.

The operation of the tube may be plotted from its
family of curves. Refer to Fig. 48. The load line —R
is so drawn that it intersects the plate-voltage, or zero-
current, axis at the point E — 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 wave-

_ ]

= LY
E R T Rs
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E

FIG. 47. Electronic switch and generator circuit.

shape e, is obtained for the tube by plotting E., against
time for corresponding values of current i.

The diode characteristic is plotted in a similar man-
ner. The voltage causing diode conduction, however,
becomes L di/dt and is equal to the drop across the

FIG. 48. Tube operating curves.

inductance during trace time. The load line for the diode
must be drawn for 74 4+ R,, where r, is the diode resist-
ance. Linearity in the diode circuit occurs when

R, = [E — (i; R 4+ E)/i..

The circuit operation may be improved by replacing
the diode with a controlled triode. For simplification, a
transformer is added, and the circuit becomes the one
shown in Fig. 49.

FIG. 49. Improved switching circuit.

The combined characteristics of the beam tetrode
and the triode are shown in Fig. 50. Note that the
characteristics resemble those of the ordinary push-pull
arrangement.
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FIG. 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 Fig. 51. Because of losses in the actual circuit, the
driver tube must supply about 60% of the total deflec-
tion current.

l tey Ipy

ipz P2

IDEAL ACTUAL

FIG. 51. Deflection circuit operation.

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

s 2

where 2 linearity of voltage rise — 0.3 to 0.8.

Usually R is made variable for adjusting linearity.

The combination R,;C; has a long time-constant and
is placed in the grid circuit for establishing grid bias
for the triode by 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 ampli-
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fier, which must be met if fine picture detail is to be
resolved. First, the bandwidth must satisfy the relation

101;
fo = lm H, 7 2

where f, = fundamental frequency for »n lines
A, = aspect ratio = 4/3
n — number of lines to be resolved
H, — active trace time, microseconds.

Since horizontal blanking occupies 16% of the hori-
zontal period, the active trace time, ff,, is 0.84 X 63.5

53.3 microseconds. To resolve 400 lines, the band-
width must be

f— X o 5 vele
,fu 3 7 533 X 2 > megacyveies

In practice, the output of the video transmitter is
specified by standards to include all frequencies between
30 cps and 4 megacycles per second. Hence, the video
amplifier must amplify without discrimination, at least
those frequencies between 30 cps and 4 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 ampli-
fier which are set by standards or practice, some of
which are output-voltage levels, terminal impedances,
permissible signal-to-noise ratio, etc.

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-frequency 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 in-
cludes the tube input and output capacity, wiring
capacity, and stray capacity of circuit components. Good
high-frequency response is obtained by utilizing the
various shunt capacities as elements of a low-pass
coupling filter.

Fig. 52 is a diagram of a constant-K low-pass filter
consisting of one full section and one half-section ter-
minated in its characteristic impedance. The terminating

HALF SECTION

FULL SECTION

FIG. 52. ConstantK low-pass filter.
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half-section is added for impedance matching purposes.
When the low-pass filter is properly designed and ter-
minated, the characteristic impedance is constant to
almost the cut-off frequency. Connection of the coupling
filter to the amplifier tubes is shown in Fig. 53. In

y N LL_ L=
L v I
R| ¢ Ry 7
I I 1
) B B8+t

FIG. 53. Coupling filter-connection,

Iig. 53 C, and (; are output and input capacities of
the tubes. For this particular tvpe of low-pass filter, the
following equations apply:

fe = cut-off frequency

1
o= 0
L =R’ C
C
Co=—

R, = (5 to 10) R,
gl = ngo

The resistor R, is added to lower the ()-factor of the
series inductance. A peak in the response curve will re-
sult prior to cut-off if the Q-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 converts the constant-K type into an
M-derived filter, as shown in Fig. 54.
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FIG. 54. Eflect of coil capacity on constant.K filter.

Equations for the M-derived filter are as follows:

_ / Ci \o G
M=/ =
M
o= m jcét‘
= Rzo Cq



L, — 0.8 L, approx.
R, = (55— 10) R,
4 = ngo

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

Diagnosis curves are given in Figs. 55 and 56 to
aid in the alignment of video amplifiers using low-pass
filter coupling.
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FIG. 56. Diagnosis Sheet #2.

Clamp Circuits

The clamp circuit is often used as a “1)-C Restorer”;
however, it can also be used to restore low frequencies
in a video amplifier. Its operation in the latter applica-
tion will be described 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 Dblanking
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 Fig. 57.

777

v

FiG. 57. Half-black, half-white picture and video signal.

After this signal has passed through the amplifier, the
low-frequency components will be missing, and the signal
will distribute itself about an a-c axis as shown in Fig.
58. 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 Fig. 38

A-C
AXIS

FIG. §8. Video amplifier output signal.

Note that, if we could bring the peaks of the hori-
zontal blanking pulses that occur during the “black”
portion of the picture to the same level as the peaks of
those that occur during the “white” portion, the signal
would again be identical to that in Fig. 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.

Fig. 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 sufficiently small so that

:L S

f‘gR_
i

FIG. 59. Simplified clamp circuit.
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C is discharged before 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 tloating
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 re-
maining portion of the pulse always falls at the same
point on the tube’s operating characteristic. As explained
in the preceding paragraph, this is equivalent to restor-
ing the low-frequency components.

A clamp circuit, shown in Fig. 60, is electrically equiv-
alent to the arrangement of Fig. 59. The diodes replace
the switch of Fig. 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 blanking pulses; hence its
name.

rﬁ UVU“

FIG. 60. Clamp circuit.

The keying pulses (which should not be confused with
the clamp pulses) are 180 degrees out of phase, so that
both diodes become conducting simultaneously. By using
this balanced arrangement, 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 key-
ing pulses end before the clamp pulses, as explained
above. Horizontal synchronizing signal makes ideal key-
ing pulses. The amplitude of the keying pulses must
also be greater than the clamp pulses, so that the diodes
can be made conducting during keving 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 hori-
zontal blanking can be used to clamp on. The only re-
quirements are that they be greater in amplitude than
any other part of the video signal, that their peaks
represent constant amplitude in the input signal, and
that their frequency be sufficiently high for the ampli-
fier to pass them without frequency or phase distortion.
Of course, they must not interfere with the desired sig-
nal. Hence, for television work, they must occur at
horizontal blanking 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 suffi-
ciently small time-constant for C to discharge during
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keying time. For 15-kc clamp pulses, the value of C
can be between 100 and 500 puf. The coupling capaci-
tors, C,, and C,, are also somewhat critical because the
diodes are self-biased by them and their associated
“leak” resistors. The bias developed is proportional to
the amplitude of the keying pulses, in a manner similar
to that of a conventional diode detector. Values for C,
and (', are best determined by experiment. Values which
have been used in the past lie between 0.003 uf and
0.1 uf 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 Fig. 60.

The source of the keying pulses is of importance. A
center-tapped transformer is desirable because it pro-
vides 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. Other-
wise, 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 ad-
versely affect the operation of the clamp circuit.

The clamp circuit can be modified to advantage when
only single-polarity keying pulses are available. This is

i 4 ¢,
]

I
T

FIG. 61. Clamp circuit for single-polarity keying pulses.

shown in Fig. 61. In this circuit, a single keving 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 used as
keying pulses, this circuit will add a small amount of
sync to the video signal; this will sometimes be an
advantage rather than a disadvantage. If vertical sync
is unavoidably present along with the horizontal, the
coupling capacitors C, and C, should be increased to
0.5 uf.

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



FIG. 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 ex-
tended 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 which
that signal is applied. However, when the clamp circuit
is used on the grid of an amplifier tube (or kinescope),
the clamp pulses in the signal are always referred to the
same point on the characteristic, regardless of signal
amplitude or wave form. In other words, the a-c axis
is shifted as the signal amplitude and wave form vary,
and a shift in the a-c axis of a wave is equivalent to
adding a d-c component. The clamp circuit has the ad-
vantage over the simple, single-diode type of d-c restorer
in that it responds 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—Three types of pickup-tubes are in general
use today, namely, the iconoscope, the image orthicon
and the Vidicon. The iconoscope dates back to about
1923, when it was developed by Dr. V. K. Zworykin. It
is still being used for motion-picture pick-up. The image
orthicon has replaced the iconoscope for live-talent
pick-up. Image orthicon development was hastened by
war-time requirements, and progress on the stabilization
and improvement of this tube has been rapid. The Vid-
icon, most recently developed of the three, has a sensi-
tivity that is half-way between the other two. It may be
used for film or live pick-up.

ICONOSCOPE—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 resolu-
tion 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 Fig. 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, small photo-sensitive islands are formed on
the mica. The mosaic is completed by coating the rear
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
silver is 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 visible spectrum.

GRAPHITE Mmica
hoRTE | PHOTO-SENSITIVE ISLANDS
> COLLECTOR RING

OBJECT
LENS

WALL COATING

VIDEO
SIGNAL
ELECTRON GUN
SCANNING

L BEAM
-1000V

FIG. 63. Iconoscope 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-
sensitive element remains constant until released by the
scanning beam. The operation of the iconoscope 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 photo-
sensitive islands, i.e., each beam 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 com-
pletely insulated, the current leaving it must equal the
current arriving in the scanning beam).
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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 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 re-
trace; 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 complete darkness.

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 secondaries are emitted, and a signal
voltage is impressed on the signal plate. This voltage
has the waveshape shown in Fig. 64 vertical and hori-
zontal scans. It is an unwanted signal, that is due to
uneven redistribution of secondary electrons, and it is
called a shading signal. For eliminating shading signals,

FIG. 64. Shading signal waveshape.

equal-amplitude opposite-phase signals are fed into an
amplifier stage following the pick-up tube. The unwanted
signal may, fortunately, be effected by a combination of
parabolic and sawtooth signals which can be generated
quite easily.

Now we may consider the action of the scanning beam
when the mosaic is illuminated by a scene. Bright areas
in the scene cause the islands to emit electrons. These
electrons travel to the collector ring or redistribute them-
selves 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
leaves the element discharged until it is scanned, at which
time the element can charge to the full 2-volt white level.
The video signal current in the load resistor is shown
in Fig. 65.
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FIG. 65. Video signal for illuminated scene.

In Iig. 63 the electron gun for the iconoscope is
shown at an angle with the mosaic. This geometrical
arrangement produces an effect known as keystoning.
For a given angle of detlection of the scanning beam,
more of the mosaic top is scanned than the bottom. If
no correction were applied to the horizontal scanning
generator, the resultant pattern on a monitor would
appear as shown in Fig. 66.

FIG. 66. Keystone pattern.

To correct for keystoning, the horizontal scanning
generator is modulated by a 60-cycle sawtooth that in-
creases the horizontal scanning current peak-to-peak
linearly at a 60-cvcle rate, so that the angle of deflec-
tion becomes larger as the beam is deflected vertically.

IMAGE ORTHICON PICK-UP TUBE-—The image
orthicon is at least 100 times more sensitive than the
iconoscope. Also, it is free from the annoying shading
and edge-tlare effects of the iconoscope. It will deliver
a satisfactory picture. without readjustment, when the
scene brightness changes by a factor of 100 to 1. A
satisfactory picture may be obtained when the incident
light 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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FIG. 67. Image Orthicon pick-up tube.

A sketch of the image orthicon tube construction is
shown in Iig. 67. The tube contains an electron gun



with a grid for controlling the current in the scanning
beam. The #3 grid, sometimes called the “persuader”,
causes electrons from the fir:t 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 improves cor-
ner focus.

The target is a special glass membrane stretched in a
metal ring. The thickness of the glass is approximately
0.0001 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 photo-
cathode. It aids the focusing of electrons from the photo-
cathode on the target.

The photocathode is a transparent layer of cesium
in type 2P23 tubes, antimony in type 5769 tubes, and
bismuth in type 5820 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 op-
tical 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 electrons 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 emis-
sion leaves a positive charge pattern on the front of the
target, corresponding to the electron image.

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 tlow through
the glass and unite with the positive charge,

The returning electron beam is equal to the electrons
emitted by the cathode (nearly a constant number)
minus those electrons deposited on the target. The re-
turning 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 multiplier is shown in
Fig. 68.

It is such as to offer an almost opaque surface to
the electrons entering from the front. Electrons leaving
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FIG. 68. Electron Multiplier for Image Orthicon.

each dynode, however, find negligible resistance to their
travel.

The return beam containing the video information
strikes the first dynode, causing secondary emission. The
secondary electrons are persuaded to the second dynode
by the action of the “‘persuader,” or multiplier focus
electrode. As the beam travels from dynode to dynode,
the original return beam is multipled by secondary emis-
sion, The final signal is removed from the signal plate.
The overall gain in the electron multiplier can be as
high as 2000.

In tube manufacture, the electron gun may become
tilted with respect to the tube axis. Electrons emitted
from such a gun would enter the focus field with a trans-
verse component of velocity. A force would be developed,
which would cause the beam to travel in a radius about
the tube axis. The net effect is a spiraling of the beam
down the tube. To correct for misalignment of the elec-
tron gun, an alignment coil is placed just in front of
the gun. It produces a transverse field which cancels
the deflection of the beam due to gun tilt.

VIDICON THEORY AND OPERATION—The sen-
sitivity of the vidicon lies between that of the icono-
scope and that of the image orthicon. The characteristics
of this tube are ideal for film pick-up. For live pick-up
good pictures may be produced when the scene illumina-
tion is 500 foot-candies or more. As the illumination is
decreased, moving objects in the scene begin to produce
a “‘smeared” appearance, even though the signal-to-noise
ratio remains very good.

The mode of operation of the vidicon scanning is simi-
lar to that of the orthicon section of an image orthicon.
An axial focus fteld is produced by the solenoidal focus
coil. The electron stream is accelerated by the electron gun
and an image of the final aperture of the electron gun is
formed at the photoconductive surface by the focussing
action of the magnetic field. A raster is scanned on the
photoconductive surface by the action of transverse fields
from the two sets of deflection coils. See Fig. 69.

When the electrons arrive at the fine mesh screen, they
are traveling at their maximum velocity. Upon passing
through the screen, they enter the decelerating electric
field between the screen and the photoconductive layer.
The electrons strike the layer and charge the gun side of
it down to approximately the potential of the thermionic
cathode of the electron gun. See Fig. 69.
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[Umgmerne The photoconductive layer is designed to have very low
lateral conductance so that the charges representing ad-

1 T 5 771 . ! | ! .
jacent picture elements do not discharge appreciably into
— each other during one frame time. The conductivity
E"_"" B e through this layer at each point varies with the illumina-
! /:::_-,;;:;::;,w \& tion of that point. During the time when a picture ele-
: o “ ment is not being scanned, the surface charge deposited
by the beam leaks through the photoconductive layer to a
o 77777777 IR degree which is determined by the illumination of that
g . element. The signal electrode is operated at a positive po-

L ary

tential in the range of 20-100 volts with respect to the
cathode of the electron gun.

Loao
AcsisTon

SICNAL VOLTAGE
TO VIDEQ AwPLIFR

e hiee The signal output is the current pulse produced when

the beam strikes the element and charges it back down to

Uiag PMviCa (0udiencten approximately zero potential. This current pulse passes
through the capacitance of the element to the signal elec-
trode and develops a signal voltage across the load resistor

N N u! (and stray capacitance) connected to the signal lead.

vours| I

VARIATION OF
ELEMENT  POTENTIAL
ON GUN  SIDE OF

PHOTOLAYER

The excess beam eiectrons arriving at the photoconduc-

P P tive surface return to the mesh and are collected. Thus
—— womon i ; only the landing position of the beam is utilized, in con-
L__'_ b o e o trast to the image orthicon where the returned electrons

S1GRAL TLEC TRODE
o POTIMTIAL-
{ /

— q .
i I carry the signal. Alignment coils are used to start the beam

FIG. 69. Physical construction of the Vidicon. parallel to the axis of the tube.
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COMPOSITION OF THE VIDEO WAVEFORM
AS SEEN ON THE SCOPFE’

The most common oscilloscope pattern
seen in television is that of the standard
RETMA video signal in its entirety when
viewed at sweep frequencies of 7,875
and 30 cycles. An analysis of why these
patterns look different from the standard
textbook representation brings many
things to light.

When first seeing the waveforms of the
standard RETMA video signal swept out
on an oscilloscope at the “horizontal”” view-
ing frequency of 7,875 cycles and the ver-
tical viewing frequency of 30 cycles, the
technician usually remarks how different
they are from what he expected.

In Fig. 1 is shown an oscilloscope pat-
tern as it would be seen when viewing the
standard RETMA video signal at the sweep
frequency of 7.875 cycles (sawtooth). This

is generally referred to as the “horizontal™

pattern, since during any one sweep of the
scope beam, two horizontal lines will have
taken place and thus be traced out on the
screen. A linear sweep is used on the scope
since the scanning of the television picture
takes place linearly with respect to time.

The trace shown in Iig. 1 is seen to
consist of the horizontal blanking pulses,
“a”, also referred to as the pedestal; the
horizontal sync pulses, “b"; the video line

"

structures, *'c”’; a blanking level line, “d”:

e t?

and a group of interrupted lines, “e”.

The first question which arises about the

“c”, appears

trace shown is why the video,
as “grass’ instead of the standard wavy
line shown in textbook drawings of a hori-
zontal line. Then we realize that each line
of a normal picture would differ in its
shape because of differing light intensities
in the makeup of the picture. In the trace
shown, light intensities for the video com-
ponents would increase vertically upward
from line “f”, which would be black. Dur-
ing the scanning of the video signal by the
scope, all the lines of the picture were cov-

ered in 1/30th of a second. We recall that
motion pictures move because of the per-
sistance of our vision, which is too long
to single out any one frame of the number
of frames shown in one second. Therefore,
because of the persistence of our vision
(and of the oscilloscope screen), we see
all the lines of the picture traced out on
top of each other. Consequently, the trace
of video appears as ‘“'grass’.

The two video traces we see are not the
even and odd lines as is sometimes as-
sumed. They cannot be with the con-
tinuous scope sweep because as the beam
sweeps the first time across the screen, the
first two odd lines of the picture will be
traced out. Since the camera will be trac-
ing only odd numbered lines during this
time and for a number of lines to follow
(until one field has been scanned) both
odd and even numbered lines will be seen
in the “grass” of each of the traces shown.

* I3y Robert M. Crotinger, Remote Engincer
ing Supervisor. Station WHIO-T\"

REFERENCE WHITE

FIG. 1. The photograph from the monitor screen
(at left) shows the waveform pattern as it would
normally be seen when viewing the standard
RETMA video signal at the sweep frequency of
7.875 cycles (sawtooth). The diagram above iden-
tifies the various parts of the waveform in the
photograph at the left. Explanation of the letter
symbols is given in the text.
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FIG. 3. In order to accurately reproduce these

waveforms the oscilloscope used must have a

response of at least ten times the horizontal pulse

frequency. Either the regular monitor scope

(which has a response 300 times the pulse fre-

quency) or any scope with comparable frequency
response may be used.

The blanking level is represented by the
peak of the blanking pedestal, “a” which
is different from the actual black level “{"
by at least five percent of “a”. The line
“f” does not appear on the trace but is
shown to indicate the five percent differ-
ence, which difference is intended to allow
turning the kinescope brightness up high
enough to see the “blackest black picture
element’” and still not see the retrace lines.
The *‘reference white” line is also not seen
on the scope trace but is used to indicate
the “whitest white” transmitted.

It will be noted that the entire pattern
shown in Iig. 1 is upside down compared
to the usual textbook drawing: that is, the
svnc pulse increases in a downward direc-
tion. This pattern was made in proportion-
ate dimensions from a standard television
station monitor screen. The polarity of the
pattern seen on any scope will of course
depend on which stage of the syvstem the
measurement is made, inverting for each
stage of amplification.

FIG. 2. The photograph from the monitor screen
(at the right) shows the waveform pattern as it
would normally be seen when the sweep fre-
quency is half the frame frequency (i.e.. 30
cycles). The diagram above identifies the vari-
ous parts of the waveform in the photograph
at the right. Explanation of the letter symbols
is given in the text.
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The question always arises as to what
line “d” is and why it appears where it
does. It certainly is not shown in the con-
ventional text drawing of a line of video
signal. To explain this it will be recalled
that the oscilloscope is still sweeping the
screen during the time the camera beam
is returning from the bottom of the pic-
ture to the top. This return takes several
horizontal lines duration to accomplish, and
during this time the vertical blanking ped-
estal is applied to the video signal to blank
the receiver beam. Since the beam in our
oscilloscope is not blanked out and the
sweep oscillator is still functioning during
this time, it will trace out a horizontal line
at position “d”, which is the vertical blank-
ing pedestal level.

Having explained this line, we have also

explained the interrupted lines “e”. These
are obviously the vertical sync pulses

placed on top of the vertical blanking ped-
estal. It is recalled that the vertical sync
pulse is serrated. Also their duration is
longer than the horizontal sync pulse. An-
other look at the pattern shows these
pulses plainly.

It is also recalled that the front or
attack side of the vertical pulse which oc-
curs at the time when a horizontal pulse
would otherwise occur, must be at the same
time as the horizontal pulse if it were con-
tinued. This is done to keep the horizontal
oscillators of the receivers in synchronism
during the vertical retrace period. Thus the
left (attack) end of the horizontal sync
pulse “b” in Fig. 1, is also the attack side
of vertical sync pulse “g”. The top of
pulse “b” is brighter than the rest of the
lines of the pattern. This is partly because
of the application of both the front of the
vertical sync pulse “g” and the pulse “b”

at this point on the screen, but is mostly
because the horizontal pulses are repeated
or traced many more times than the ver-
tical serrated pulses.

The final point to remember about this
trace is that whatever part of the signal is
missing between the right side of the trace
and the left side of the trace is that part
of the signal which happened during the
retrace time of the scope. In the case of
this pattern, it was the back side of the
second horizontal sync pulse and the back
porch of the blanking pedestal. This ap-
pears “stretched out” on the retrace as
line “h”.

It will be noted that the much faster
retrace time of the scope has made the
rear side of the pulse slope much more
than it does when shown on the forward
trace. This substantiates the fact that the
sides of the pulses are not perfectly per-
pendicular. If they were, no vertical sides
of the pulses would be seen, only the peak
horizontal line. It requires a scope having
a response of at least ten times the hori-
zontal pulse frequency to accurately repro-
duce these pulses. Station monitors have
a bandwidth of around 300 times the pulse
frequency and thus reproduce the horizon-
tal pulses very accurately.

In Fig. 2 we see the trace made on a
scope when the sweep frequency is half
the frame frequency, or 30 cycles. Here
we do see the even numbered lines of the
picture in one video trace and the odd
numbered lines in the other. However, we
do not know which is which. In any event,
it would be of no particular value if we
did. Since the scope beam scan takes place
in 1/30th of a second, the lines of the
first field will be traced out in the first

half or 1/60th of a second. The vertical
blanking pedestal appears at “a” and the
serrated vertical sync pulse at “d”. The
serrated pulses making up the vertical sync
pulse are not definable as such since their
time duration is so small compared to the
sweep of the scope.

However, several small pulses will be
seen to make up the line “b”. Since it is
apparent that the retrace of the scope in-
cludes the video components which are
missing between the right and left sides
of the trace, in this case the back porch
and a few of the lines of the first video
trace are spread out along the retrace. The
much faster retrace motion of the scope
beam has elongated the portion of the sig-
nal which occurred during the retrace time.

Good practical use can be made of the
above in observing the vertical serrated
pulses and their components. The fine
frequency control of the scope sweep oscil-
lator can be moved very slightly and the
second vertical sync pulse “d” made to
roll off on the retrace. It will then be
elongated and the number of vertical
pulses can be actually counted. There
should be six equalizing pulses preceding
(to the right of) the actual vertical sync
pulse, then six longer vertical sync pulses,
and finally six more short equalizing pulses
to the left of the vertical pulses.

The line “e” is made up of the horizon-
tal blanking pulses for each of the lines
of that field. Of course line “b” is made
up of the horizontal synchronizing pulses
for the lines traced out above it. Since
there are 262Y; lines, blanking and sync
pulses for each of the traces shown, these
pulses appear on the screen as a horizon-
tal line.
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TELEVISION LEVEL MEASUREMENTS
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REFERENCE
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Standardizing and Measuring Video Levels

in a TV Station

Introduction

The subject of video levels in television
broadcasting, from standpoints of both
standardization and measurement, has been
going through a slow process of evolution
ever since the early experimental broad-
casts in the 1930’s. At first, as should be
expected, the significance of all the fac-
tors was not fully appreciated, and, as a
result, accepted values and methods have
been changed from time to time in an
effort to keep pace with the advances in
techniques and equipment. There is no
assurance that this evolution has now
reached its final stage, but substantial
changes which have developed recently
are a sufficient reason for restating the
situation as it appears to be at present.

Review of Past Practices

In 1936, the first major installation of
television broadcasting equipment in New
York was made in the studios of NBC in
Radio City. One feature of this installa-
tion which bears on the subject of levels
was a mile and a quarter of coaxial trans-
mission line connecting the studios to the
transmitter in the Empire State Building.
With the lines and equalizers used at that
time, it was thought necessary to feed
the input of the line at a level of about
5 to 10 volts, peak-to-peak, in order to
secure an acceptable signal-to-noise ratio
at the transmitter input. This situation set
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the pattern for line amplifiers at the studio
output until the approach of the develop-
ment of commercial equipment during the
last year of World War II. Video levels
within the studio plant during that period
were generally set at about 1 volt, peak-
to-peak.

In connection with post-war develop-
ments, there was activity in technical com-
mittees of the Radio Manufacturers’ Asso-
ciation (now the RETMA) to evolve suit-
able standards for commercial television
equipment. Among the standards adopted
by these committees in 1946, was one
which specified that studio output ampli-
fiers should be capable of producing a level
of 2 volts, peak-to-peak, of composite pic-
ture signal, including about 0.5 volt of
sync. At that time, there were some wire
line interconnections in use in New York
provided by the Telephone Company and
consisting of ordinary telephone cable pairs
with equalizers spaced at frequent inter-
vals. The 2-volt level was considered high
enough to avoid objectionable noise, and
low enough to avoid noticeable cross talk
in the telephone cables. Furthermore, it
appeared to be possible to develop this
voltage efficiently with acceptably low dis-
tortion, on a 75-ohm transmission line
load by using a single 6AG7 tube in the
output stage of a studio amplifier. It was
also felt that the use of a 2-volt level
would permit simple and economical de-

signs of picture monitors with a minimum
amount of video signal amplification.

In RCA pickup equipment, the 2-volt
level was adopted as standard on nearly all
75-ohm interconnecting circuits carrying
composite signals, and a 1.5-volt level on
75-ohm circuits carrying non-composite
signals (no sync present).

The cathode ray oscilloscope (CRO) has
been used universally, during all these
various stages of evolution, primarily as a
level indicator, but in addition as an indi-
cator of quality of the picture signal. One
typical example of its use as a quality in-
dicator is found in the adjustment of shad-
ing signal controls where the CRO gives a
more critical indication of uniform back-
ground than does the eye by direct observa-
tion of the monitor kinescope.

Recent Trends

The rapid and continuing growth of net-
work facilities, together with the almost
unbelievable expansion of studio facilities
in some of the larger stations with all their
highly complex interconnections, has made
evident some weaknesses in the adopted
video level standard as related to the de-
sign of equipment which is in widespread
use at present. It has become apparent
that the earlier concept of acceptable am-
plitude distortion limits in line amplifier
stages has to be modified when applied to
a large system where the number of equip-
ment units is greatly increased as compared



to that involved in a small operation. For
example, a signal originating in an out-
lying studio of a large station may be
passed through as many as ten line ampli-
fier stages before arriving at the trans-
mitter. If the signal is fed through a cross-
country cable network, it may pass through
several hundred repeater amplifiers before
reaching its destination. It is obvious that
the distortion in any one amplifier must
be held to an extremely low value if the
cumulative distortion in such a system is
to be tolerably small.

Amplitude distortion of a television pic-
ture signal results in unnatural tones of
gray in the reproduced scene. The most
common type of distortion changes tonal
gradation in the light grays and near-
whites. Faces may look too white and
washed-out, and lack any appearance of
depth. Tn order to illustrate the signifi-
cance of a small amount of distortion in a
single amplifier unit which is part of a
large system of many similar units, let us
assume that the permissible limit of com-
pression of the whites accumulated in the
entire system is 25%. This particular value
has no special significance, but it is an
amount of compression which is observ-
able, and may be assumed for purposes of
discussion. In the case of a system having
100 amplifiers in cascade, the compression
per unit would have to be less than 0.3
of 1% to stay within the assumed limit.

Fortunately, the network equipment is
designed to avoid distortion to an accept-
able degree. On the other hand, many
studio amplifiers do not have adequate
linearity to provide satisfactory operation
in cascade in large numbers with a level
of 2 volts. Rather than recommend modi-
fication or replacement of the large num-
ber of such amplifiers now in use, with
attendant high cost and inconvenience, it
seemed preferable to recommend a reduc-
tion in the standard signal level which
would make possible a noticeable decrease
in distortion without an appreciable in-
crease in noise.

FIG. 2. Operating scale No. 1 for use at
camera controls.
Reference white at 100
Reference black at 10
Blanking level at 0
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This problem came to a head early in
1950 in New York, which had by that time
become the principal source of network
programs on television. Another problem
had also been adding to the confusion,
namely, that in spite of the RETMA stand-
ard 2-volt level for video amplifiers, there
was no adherence to any operating standard
in this matter. The levels put out by the
New York stations were nearly all dif-
ferent, determined largely by requirements
of common carrier equipment used for in-
terconnections and for networking. These
varying requirements resulted from the
fact that common carrier terminal equip-
ment had grown up with the demand; it
represented, in some cases, different stages
of development, and did not adhere to one
standard in the matter of levels.

The situation was given special atten-
tion by an informal committee composed
of representatives of the six television sta-
tions in New York City and of the Tele-
phone Company and of some interested
manufacturers of television equipment.
This group held several meetings between
May and September and proposed a stand-
ard operating level of 1.4 volts, peak-to-
peak, of composite signal as outlined in
Fig. 1. The new level has subsequently
been adopted by the New York stations
as well as by some others. It has been
agreed that this level will be satisfactory
in the common carrier operations though
there will be a transition period required
for modernizing some of the existing equip-
ment during which it may be necessary
to continue the use of other levels.

The IRE Standard Scale

The choice of the new level of 1.4 volts
was guided, of course, by the need for re-
duced distortion, but in addition, it was
influenced by the recently adopted IRE
Standard* which included, among other
things, a standard scale for measuring video
levels. This scale is shown in Fig. 1 which
is a reproduction of the diagram in the
IRE Standard. The special committee of

FIG. 3. Operating scale No. 2 for use
with composite signals.
Reference white at 100
Reference black at 10
Blanking level at 0
Sync peaks at —40
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New York broadcasters and television
manufacturers decided to recommend cor-
relating the new video level in volts with
the arbitrary units in the IRE scale.
The desired relationship is given by the
expression:

Video Signal in Volts ==
Number of IRE Scale Units
100

Practical Scales for CRO Tubes

The three scales shown in Tigs. 2, 3,
and 4 were recommended by the Special
Committee fer practical use on the faces
of 5-inch CRO tubes as follows:

SCALE 1 (Fig. 2)

To be used with either studio or film
camera controls where non-composite
(no sync) signals are used. Blanking
level is at 0; reference black is indi-
cated at 10; and reference white is at
100. Total deflection is 2 inches between
0 and 100.

SCALE 2 (Fig. 3)

To be used at studio or master con-
trol outputs, or for preview monitors,
or for any monitor where composite sig-
nals are present. Sync peaks are at —40;
blanking at O; reference black is indi-
cated at 10; and reference white is at
100. Total deflection is 2 inches between
—40 and 100.

SCALE 3 (Fig. 4)

To be used at the transmitter location
where composite signals are present and
where it is desired to measure depth of
modulation. Scale numbers on the left

* STANDARD, 50 IRE 23.SI—-TELEVI-
SION: METHODS OF MEASUREMENT
OF TELEVISION SIGNAL LEVELS, RES-
OLUTION, AND TIMING OF VIDEO
SWITCHING SYSTEMS, 1950. This stand-
ard was published in the May, 1950 issue of
Proceedings of the IRE. Reprints may be pur-
chased from the Institute of Radio Engineers,
1 East 79th Street, New York City, for $0.70

each.

FIG. 4. Operating scale No. 3 for use at
a transmitter location where depth of mod-
ulation is to be measured.
Reference white at 100, 12.5% carrier
Zero carrier at 120, 0% carrier
Reference black at 10
Blanking level at 0, 75% carrier
Sync peaks at —40, 100% carrier
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hand side are the same as for Scale 2.
On the right hand side, the numbers
are per cent of modulation. Total de-
flection is 2 inches between —40 and
100, or between 100 and 12.5 on the per
cent scale.

The value of 2 inches for vertical de-
flection on the CRO using the new scales
was adopted after tests which indicated
that this deflection was reasonably linear
in present equipment. Units which were
not linear at 2 inches of deflection were
found to contain subnormal amplifier tubes.

A fortuitous relationship between the
IRE standard and the proposed operating
level is evident in Fig. 4. Here the numbers
on the right hand side of the scale indicate
per cent of modulation of the r-f carrier
and show how it relates to the IRE scale.
By setting zero carrier opposite 120 on
the IRE scale, and maximum carrier op-
posite —40, blanking level (or zero) cor-
responds with 75% of maximum carrier,
and reference white (or 100) corresponds
to 12.5% which is the minimum allowable
carrier level. Thus the F. C. C. specifica-
tions on carrier levels are embodied in this
same scale.

Recommended Use of New Scales

Experience over several months of oper-
ation in a number of television stations has
shown that the new voltage level and the
new scales are a substantial aid in attain-
ing improved performance. As a result of
this experience, a recommendation has been
sent to the RETMA that its standard be
revised to specify a video level range of
1.4 volts, peak-to-peak, for studio equip-
ment. The recommendation is now being
considered in the technical committees of
the RETMA.

It is highly recommended that all tele-
vision stations adopt this level in operating
practice as soon as practicable. It will not
only improve performance, but it will do
a great deal to facilitate the interconnec-
tion of stations and the exchange of pro-
grams through the networks.

Availability of Printed Scales

TM-6B has scaie built in. For those
users of TM-5B Master Monitors, or
other equipment employing 5-inch CRO
tubes, scales, similar to those shown in
Figs. 2, 3, and 4, printed in black on thin
clear plastic, may be obtained by writing
to the Editor, BroapcasT NEws, Building
15-7, RCA Victor, Camden 2, New Jersey.
These scales may be applied to the faces
of CRO tubes with pieces of transparent
adhesive tape. This type of scale is not as
durable nor as easily visible as is consid-
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FIG. 5. Curves showing frequency and time response for a standard oscilloscope.

ered desirable, but it is being made avail-
able as a temporary measure until the de-
sign of a more satisfactory type can be
completed.

Setup

The term setup, though not officially
recognized, has been, for a long time, ap-
plied to the difference in level between
blanking level and reference black. In a
perfect television system, it might be pos-
sible to hold setup to zero with satisfac-
tory results. By doing so, it would be
possible to obtain the most efficient util-
ization of video, r-f, and i-f amplifier
characteristics. However, perfect signals
would be required, without amplitude dis-
tortion (overshoots in the black direction),
and very careful adjustment of the back-
ground controls in receivers would be re-
quired to avoid retrace lines or clipping
of blacks in the kinescope.

By raising setup to some reasonable
value, it is possible to realize much more
practical operating conditions. Small black
overshoots can be present without extend-
ing into sync territory, and in the receiver
it is possible to adjust the background
control so that retrace lines are surely
blanked out without clipping black peaks
in the picture signal.

In the PicTure LINE AMPLIFIER STAND-
Arp OuvtpuTt adopted by RETMA (Re-
vised Oct. 9, 1946)*, the recommended
amplitude of setup is 5% of the difference
between blanking level and reference white
level. This corresponds to 5 units on the
IRE scale. Experience in most stations has
shown the desirability of increasing this
amplitude to about 10%. The increase re-
duces the utilization of amplifier character-
istics, but it improves overall performance
by allowing more tolerance for overshoots
in the blacks, and by permitting final clip-
ping at blanking level in stabilizing ampli-

* See “The Philosophy of Our TV System,”
by J. H. Roe, Fig. 5, Broancast News, No. 53.

fiers in order to eliminate overshoots in the
sync region. This clipping usually reduces
setup somewhat below 10%, a process
which would not be permissible if the
initial value of setup were only 5%. For
these reasons, the scales adopted for oper-
ating use include a line at 10 to indicate
the maximum amount of setup. This 10%
line, as well as the zero line, is made con-
tinuous across the scale to emphasize its
importance.

The maintenance of constant setup, at
all times, is extremely important in order
that brightness adjustments in receivers
should not require changing. This is im-
portant in successive scenes in any one
program, and it is equally important in
successive programs, whether theyv orig-
inate in the same station or not. It is,
therefore, urgent that all stations adopt
uniform procedures and uniform instru-
mentation which will make possible accu-
rate measurement of this and other video
levels.

It is recognized that the proposed scales
do not permit a high degree of accuracy
in measurement, but universal use of the
same methods and tools will at least pro-
vide the first step on the way toward
achievement of uniformity.

Instruments for Measuring Video Levels

The cathode ray oscilloscope has been
regarded almost universally as the only
suitable instrument for the measurement
of video levels. Probably, the principal
reason for this is that the television signal
is a composite of several signals, each hav-
ing levels that need accurate measurement
individually and in their relationship to
each other. Circuitry is rather well known
which would make it possible to measure
any of these quantities by means of a
meter with the same advantages that are
inherent in the use of audio level meters.
However, it is not possible to provide
simultaneous measurement of all the quan-
tities in a single meter, and the circuit com-



plexities involved in using several meters
at each monitoring position would be
greater than those associated with a CRO.
Furthermore, because of inherent sluggish-
ness, both electrical and mechanical, the
meter system is incapable of indicating the
presence or amplitude of isolated narrow
peaks in the signal. It is also incapable of
indicating any information about wave-
shape in the measured signal, and therefore
fails as a monitor of quality.

Because the CRO does measure all levels
simultaneously, at the same time giving de-
tailed information about waveshape, and
because it has no appreciable sluggishness,
it can serve as a universal instrument for
indicating both level and quality. Its use
as a level indicator over such a long period
has undoubtedly established an acceptance
which would be difficult to change. In any
case, there has been no definite trend as
vet away from the use of the CRO in tele-
vision monitors.

The IRE Standard Frequency
Characteristic for CRO’s

Post-war experience gained in the use
of television equipment has shown that the
presentation on the face of a CRO tube is
easily misinterpreted in the measurement
of levels if there are any spurious over-
shoots in the signal. Overshoots may arise
from any of several causes such as faulty
circuits or tubes, or from a type of distor-
tion introduced by single-sideband trans-
mission circuits. Sometimes, the overshoots
may arise in the measuring instrument
(CRO amplifier) itself. It has been found
that when spurious peaks are present, dif-
ferent operators do not interpret their sig-
nificance in the same way. In measuring
levels, one operator may discount the pres-
ence of the overshoots completely, while
another may regard them as a part of the
signal to be measured. In network opera-
tion, it is particularly important that levels
be measured on the same basis at all moni-
toring points, and it is hardly less impor-
tant in studio equipment. A desirable solu-
tion to the problem of uniformity is to
make the measuring instrument insensitive
to such spurious overshoots, and thus re-
move the human factor of interpretation.

To accomplish this result, the previously
mentioned IRE Standard also includes a
specification of a frequency characteristic
for CRO’s which are to be used for meas-
uring levels only. This characteristic is
reproduced in Fig. 5 from the IRE Stand-
ard. The bandwidth is considerably re-

stricted and the “roll-off” at the upper
end of the band is gradual. The resultant
effect is to eliminate most of the higher
frequency components in the signal, in-
cluding most of the overshoots. Corners
of the pulses in normal signals become
rounded, but the amplitudes of blanking
pulses and low frequency signal compo-
nents are not affected. Because nearly all
scenes contain at least a few relatively
large areas of average contrast, the loss
of high frequency response in the CRO
amplifier does not often affect the accuracy
of level measurement. Practical experience
indicates that use of CRO’s with this re-
sponse characteristic does help to reduce
disagreements among operating personnel
about levels.

It should be emphasized that this type
of restricted bandwidth is not suitable for
gauging the quality of a picture signal, but
only for measuring levels, and then only
to minimize the errors introduced by
spurious overshoots. It is rather interesting
to note that one early type of television
studio monitor (RCA Type KES5, designed
in 1936) employed CRO’s with a restricted
pass band very similar to that in the pres-
ent IRE Standard. In later versions (RCA
Types 542 and TMS35) the pass bands were
extended to several megacycles to make
them more suitable for judging quality.
Present design trends are to make both
types of frequency characteristic available
by switching.

To illustrate the effect of reducing the
frequency response, several oscillograms
are reproduced in Figs. 6 to 9 inclusive.
The wide-band CRO used to obtain the
pictures in Figs. 6 and 8 was an RCA
Type 715B. The narrow-band CRO used
to obtain the pictures in Figs. 7 and 9 was
a modified TM-5B Master Monitor. The
signal source in every case was a TK-1B
Monoscope Camera. Overshoot distortion
for Figs. 8 and 9 was produced artificially,
and is more severe than is usually en-
countered, but nevertheless, it serves to
show the effect of the restricted band pass
of the CRO. Horizontal sweep rate in
each case is at one half of scanning line
frequency.

Modification of Master Monitors

A discussion of methods by which the
RCA TM-5A and -B Master Monitors
may be modified to provide the IRE roll-off
characteristic is available from RCA Vic-
tor, Broadcast Marketing Division.

FIG. 9 (at right). Oscillogram showing the same
signal as in Fig. 8, but shown on the Master
Monitor with IRE roll-off in the CRO amplifier.

FIG. 6 (above). Oscilloscope showing a nor-
mal monoscope signal on a wide-band CRO
(RCA Type 715B).

FIG. 7 (above). Oscillogram showing a nor-

mal monoscope signal on CRO in a modified

TM-5 Master Monitor (CRO amplifier with
IRE roll-off).

FIG. 8 (above.) Oscillogram showing the mon-
oscope signal with severe overshoot distortion
as shown on a wide-band CRO (RCA Type
715B). Note black overshoot in sync region.
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HOW TO ADJUST FREQUENCY RESPONSE IN
VIDEO AMPLIFIERS FOR TV

Along with all the problems connected
with operating and maintaining a television
station, the maintenance of video ampli-
fiers requires certain techniques which are
very likely new to the station owner and
his engineers who have had past schooling
and experience mainly in the handling of
audio equipment. The difficulties in han-
dling these new techniques arise mainly
from the relatively high frequencies in-
cluded in the upper end of the video band.
If measurements and adjustments are made
without adequate test equipment, or with-
out adequate knowledge of suitable meth-
ods, the results may be erroneous and mis-
leading. Therefore, it is the purpose of
this article to outline some methods of
measuring the performance of video am-
plifier circuits and for adjusting them, thus
providing at least some of the “know-how”

required for satisfactory maintenance.

The problem will be discussed almost
entirely from the qualitative angle because
that is the most important aspect to the
maintenance man. In other words, an effort
will be made to describe what happens in
the circuit when changes are made in cer-
tain components. but little space will be
given to theory which is thoroughly cov-

ered in existing literature. A qualitative

sense, or sense of “direction”, is a most
valuable asset in dealing with the prac-

tical operation of circuits.

Typicall Circuits

Wide-band video amplifier design is
based almost exclusively on the use of
resistance-capacitance coupled amplifiers,
the important basic elements of which are
illustrated in the simplified schematic of
Figure 1. Some of the practical elements
of the circuit, such as B supply, bias sup-
ply, or screen grid filter, have been omitted
because it is assumed that they have been
designed so as to have negligible impe-

dances for any signal frequencies involved.

The discrete components of the circuit
are shown in solid lines, while another im-
portant component (stray capacitance) is
shown in dotted lines. Most circuit com-
ponents also include residual or stray in-
ductance, but this is not shown because
components are chosen and arranged in
practical circuits so as to have negligible
inductive reactance in the band of frequen-
cies used in TV amplifiers. Strav capaci-
tance, however, is not negligible, and care
should always be exercised in working on
video amplifiers not to disturb the general

arrangement of wiring and components in

IN
—>
Ci

L GCe

FIG. 1. Simplitied schematic circuit of a typical resistance-capacitance coupled amplifier.
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such a way as to change the stray capaci-
tance appreciably.

Because of the wide-band requirements,
the effective load impedance is held to
characteristically low values. Usually R,
(Figure 1) constitutes the principal load
on the plate circuit. In other words, Ry
is small compared to R; so that R; may
be neglected in calculations involving load
impedance. However, in some circum-
stances, the situation may be reversed so
that R, becomes the principal load and Ry,
becomes relatively large. This case will be

discussed under output circuits.

The frequency response characteristic
of an uncompensated amplifier, such as
that shown in Figure 1, has the general
appearance of the curve of Figure 2(a)
where e, is the alternating signal voltage
appearing at the output terminals across
an ideal purely resistive load when a sig-
nal at constant voltage is applied to the
input terminals. Usually there is a mid-
range where the output is reasonably con-
stant (where the curve is said to be “flat’)
while on either side of the mid-range the
response of the amplifier falls off toward

Z€ero.

It is convenient to choose some fre-
quency, say f{i, in the mid-range which
divides the curve into two parts. At fre-
quencies above f;, the curve is usually flat
for an appreciable range, indicating that
neither the stray shunting capacitance nor
the coupling capacitance, C., affects the
response. In other words, the reactance of
C. is negligibly small, and that of the
strays is negligibly large, so that the cir-
cuit is purely resistive. However, as the
frequency increases further, the shunting



of the strays becomes increasingly effec-
tive, causing the output to fall off grad-
ually. Below f;, the shunting effect of the
stray capacitance is obviously negligible,
but the reactance of C. increases as the
frequency decreases, so that the voltage
across R, decreases correspondingly, and
the output of the amplifier falls off to zero.
Because one reactive element operates
effectively on one side of f;, and the other
reactive element operates on the other
side, it is easy to treat the frequency re-
sponse of the amplifier in two correspond-
ing parts which are independent of each
other. These two parts are commonly called
the “highs” and the ‘“lows” respectively.

Measurement and adjustment of the
highs should always be made first because
from this measurement the correct value
for Ry, is determined. The magnitude of
R;, also influences low frequency compen-
sation, but its value is fundamentally to
correct adjustment of the highs; therefore,
once it has been determined, other elements
affecting the lows must be adjusted for
compensating purposes without disturb-
ing Ry,

High Frequency Compensation

Numerous circuit arrangements have

been used to improve the high frequency
response of video amplifiers. Of these, two
have come into common use in RCA equip-
ment. as well as in other tvpes. The first
is illustrated in Figure 3. Here the two
shunt capacitors shown in Figure 1 have
been combined into one which resonates
with a small inductance in series with Ry.
This is commonly known as a ‘“shunt-

* The performance of an amplifier is meas-
ured in terms of both gain and bandwidth. These
are mutually dependent factors. As one in-
creases, the other decreases, so that the product
remains constant. It 1s therefore common prac-
tice to refer to the product of these two factors
(gain X bandwidth) as the figure of merit of
the amplifier. For example, if a given amplifier
has a gain of 20 and a bandwidth of 4 mc., the
same amplifier may be rearranged to have a
bandwidth of 8 mc. and a gain of 10 by reduc-
ing R, to one half its original value and making
corresponding changes in the values of 1., and
I... Thus, any improvement in circuit perform-
ance obtained by improved design or execution
may be used (a) to increase the bandwidth,
(b) to increase the gain, or (c) to increase
both by a lesser amount.

O

—
@]

FIG. 2. Typical curves of frequency response for various kinds of compensating circuits.

peaked’ circuit. Because Ry, is in series
with L., the Q of the circuit is very low,
and there is no prominent resonance peak
in the output voltage. When the values of
Ry, and L, are correctly adjusted, the effect
on the frequency response is about as illus-
trated by Figure 2(b). The flat part of
the curve has been extended, but the cut-
off is still reasonably gradual.

The circuit of Figure 3 is used occasion-
ally where the need for increased band-
width (or gain) is not great, and where
simplicity and reasonably linear phase
characteristics are important.

The more frequently used circuit, how-
ever, is shown in Figure 4, where it may

be seen that a second inductive element
has been added in series with the plate
connection of the first amplifier. This added
coil has the effect of dividing the stray
capacitance into two parts and thus form-
ing a single section of a low-pass filter in
which the characteristic C is only a frac-
tion of the total stray capactance. There-
fore, the characteristic (terminating) im-
pedance of the circuit is considerably
higher than is possible in a circuit where
the stray capacitance is not divided. This
means simply that a higher value of Ry,
may be used. The figure of merit* (gain
X bandwidth) of the circuit is appreciably
larger than for the circuit of Figure 3.
The frequency response curve is illustrated

Le
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FIG. 3.

“Shunt peaked” video amplifier.

. FIG. 4. Video amplifier

using both shunt and series peaking.
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FIG. 5. Simplified circuit including only those
elements which affect low irequency response.

in Figure 2(c). It should be noted that
the cut-off is relatively abrupt, and that
the phase response is more non-linear near
cut-off than in the simpler circuits.

Low Frequency Compensation

The small coils added to the circuit for
high frequency compensation have negli-
gible reactance at frequencies below f;.
Hence, in considering the “lows”, the cir-
cuit may be reduced to that shown in
Figure 1, but with the shunting capaci-
tances omitted also. It must be remem-
bered, however, that the value of Ry, has
been deteremined by the needs of the
“highs” and it should not be disturbed in
compensating the “lows”.

Because the functioning of some low
frequency compensating circuits may not
be understood, a little discussion of simple
theory will be given here.

Figure 5 shows a simplified arrangement
of the circuit of Figure 1 suited to study
of the low frequency performance. The
first amplifier tube is shown as a generator,
with internal series resistance r,, within
the dotted enclosure. The second tube is
not shown, but output terminals are shown
which would be connected normally to the
grid and cathode. Grid conductance is as-
sumed to be negligible. The following rela-
tions are essentially true for screen grid
tubes used in TV video amplifiers:

I, » Ry,
R; » Ry,
Therefore, it may be concluded that:

A. i, is in phase with the generator voltage
because r, (a pure resistance) is the
principal impedance in the load circuit.

B. Both Z;, and R, may be changed con-
siderably within their respective orders
of magnitude without changing the
magnitude or phase of ip. (Zy includes
R;, and any reactive element which may
be added, as in Figure 6.)
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C. The current, i;, is essentially equal to
ip in phase and magnitude.

D. The voltage drop across Ry, is in phase
with i,.

E. The current, i», is displaced in phase
by the reactance of C..

F. The output voltage (i» R;) is likewise
displaced in phase.

To obtain undistorted amplification, the
output voltage should be kept exactly in
phase with the generator voltage and i,
There are several ways to accomplish this:
1. Make the reactance of C. negligible at

the lowest frequency in the band (make

C. larger).

R, ln Ce

l2
l Rg OUTPUT

: & -0
F.G. 6. Simplitied circuit with addition of low
frequency boost.

p
Cc
Ry
-peq
Re /I\CL Rq OUTPUT
S ' o)

FIG. 7.

@

Simplified circuit with addition of
decoupling resistor Ry.

2. Make R, larger so that the reactance
of C. is comparatively very small.

3. Shift the phase of the voltage across
the plate load circuit so that i» is in
phase with i,

The limit of the first method is reached
when the coupling capacitor becomes too
large to fit in available space, or when its
size causes an intolerable increase in stray
capacitance, thus causing deterioration of
the high frequency response.

The magnitude of R is limited, of
course, largely by the maximum resistance
which can be allowed in the grid circuit
of the tube to insure stable operation. This
maximum is specified by the tube manu-
facturer to prevent gas current to the grid
(positive ion current) from causing an ex-
cessive increase in average plate current.

In many cases, methods 1 and 2 are
sufficient, within their limitations, to pro-
duce satisfactory results. When they are
not adequate, however, method 3 is em-
ployed. The desired phase shift may be
secured simply my making the two parallel
branches of the load circuit similar in im-
pedance characteristics, i.e. with equal
phase angles, but not necessarily equal
magnitudes. Addition of Cp, as shown in
Figure 6, accomplishes this. The two
branches now contain like impedance
elements, and if Cp is chosen so that
RyCi, = R,C., then i; and iz will have
the same phase angle. This must be the
same phase angle as that of i, (under
the assumptions A, B, and C) because
i, + i» = ip; therefore, 2R, the output
voltage, has been corrected to be in phase
with i, and with —ueg. The relationship will
continue to hold as the frequency decreases
until the reactance of Cx,,(-i-),becomes

(DCL
appreciable in magnitude as compared to
r,, and therefore begins to affect the mag-
nitude and phase of i,. This does not
usually occur until the frequency becomes
extremely low, well below the useful video
band.

Figure 6 is not a practical circuit be-
cause it does not provide a d-c path to
the anode of the first amplifier tube, but
it illustrates an important principle. To
make the circuit practical, another resistor,
Ry, must be added as shown in Figure 7.
This resistor will not affect circuit per-
formance as long as Ry is large com-

1
pared te —— at the lowest frequency in
wly,

the band. However, Ry is limited in size
by the available B supply voltage; ie.,
the d-c drop in Ry must not reduce the
operating potential on the plate of the
tube below a satisfactory level.

When Ry cannot be made suitably

1 .
larger than ——, then exact compensation
wLg,

OuUTPUT

4 L 4 @ —0
FIG. 8. Simplified circuit with addition of
resistive shunt across C.




may be restored by adding a resistor R,
in shunt across C, to restore the similarity
of the two parallel branches of the plate
load circuit. This is shown in Figure 8.
The proper relations for equal phase angles
in the two branches are:
RiCi = RCe
and R¢C;, = R.C.
Obviously, this change provides an un-
wanted d-c path from the plate of one
tube to the grid of the next. This neces-
sitates a final addition in the form of a
capacitor C' in series with R, as shown in
Figure 9. Of course the circuit similarity
of the parallel branches is lost again by
this change, but by proper choice a satis-
factory compromise may be achieved which
is capable of providing excellent response
down to extremely low frequencies. The

oo, 1
criterion is that el must be small com-
w

pared to R. at the lowest frequency in
the band.

Iigure 9 not only shows this final
change, but shuws the complete video am-
plitier circuit with all the elements for
both high and low frequency compensation
accumulated in one diagram. Note that
R, is divided into two parts as an aid in
isolating the stray capacitance of (7 from
the main circuit. Also note that R, is made
adjustable so that reasonably exact setting
of the response is possible. By such adjust-
ment, the one low-frequency compensating
circuit may serve to correct the errors in-
troduced by more than one coupling or
de-coupling circuit, provided that no one
error, nor the sum of the errors, is very
large. This last point is important if sev-
eral errors are to be corrected by one com-
pensating circuit.

Test Methods and Equipment

Both high-frequency and low-frequency
response characteristics may be measured
with test equipment which is readily avail-
able commercially. High-frequency re
sponse is usually determined with a fre-
quency modulated, sweep oscillator
which sweeps over the desired band, from
a point somewhat above the low end to
the high end, at an approximately uniform
rate, and which repeats at regular inter-

or
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FIG. 9. Complete circuit showing all elements for both low and high frequency compensation.

vals. For convenience, the repetition rate
is usually 60 cvcles. In the intervals be-
tween sweeps, the signal is cut off. Care
is taken to provide reasonably uniform
amplitude during each sweep. The signal
produced by such a sweep generator ap-
pears about as shown in Figure 10-A.
diode detector yields a 60 cycle rectangular
wave as shown in Iigure 10-B. Such a
wave may be observed easily on a cathode
ray oscilloscope which has good low-fre-
quency response so that distortion of the
60 cycle rectangular wave is not introduced
by the oscilloscope. The oscilloscope used
for this purpose need not have high-fre-
quency response bevond 50 to 100 KC.

The sweep oscillator signal is applied to
the amplifier to be tested, and the output
of this amplifier is coupled into the diode
detector. Variations in frequency response
of the amplifier then appear as distortion
of the wave-shape of the rectangular wave.
In other words, the oscilloscope draws the
graph of output voltage vs. frequency of
the amplifier being tested. Arrangement
of equipment is illustrated in Figure 11.

Sweep oscillators are generally provided
with tunable, calibrated absorption mark-
ers which produce a small notch in the de-
modulated wave to indicate points on the
frequency scale.

FIG. 10. Wave forms of sweep oscillator output—A. Direct: B, Demodulated.

— AMPLIFIER D IODE CATHODE
OSCILLATOR > BEING > | DETECTOR [ > RAY
TESTED 0SCILLOSCOPE
FIG. 11.

Block diagram of equipment for measuring high-frequency response.
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FIG. 12. Schematic circuit of peak-to-.peak diode detector for use with a sweep oscillator.

The RCA WA-21B Video Sweep Gen-
erator provides a sweep range adequate for
the video amplifiers in television terminal
equipment, as well as a suitable frequency
calibration marker and an output atten-
uator. The low end of the sweep range
extends to about 100 KC and the high
end to about 10 mc.

A suitable diode detector with good sen-
sitivity may be constructed quite easily by
using a pair of crystals as illustrated in
Figure 12. A dual diode, such as the
6ALS, may be used with equally good re-
sults in the same circuit, but it has the
disadvantage of requiring a heater supply.
Germanium crystals, such as the IN3$5, are
a simpler arrangement. The circuit of
Figure 12 is a peak-to-peak rectifier which
provides more output signal than a single
half wave rectifier, and which also tends
to average out discrepancies in wave form,
from stage-to-stage of the amplifier being
tested, if the signal generator has second
harmonic distortion. In constructing such
a unit, care should be used to make it com-
pact, and to keep stray capacity of the
probe and input to a minimum.

0+B

KEYING
PULSES

Application of this equipment to the
measurement of the frequency response of
amplifiers cannot be made in an indiscrim-
inate and careless manner without obtain-
ing spurious results. Well defined and rela-
tively simple procedures are available and
should be adhered to, to secure correct
results. The reason why care must be used
is that connecting test equipment to parts
of an amplifier circuit which are compen-
sated for, or are critical to, stray capaci-
tances will cause mis-adjustment of the
compensation because of the stray capaci-
tance added by the test equipment. The
following general procedure will avoid pit-
falls of this kind.

The output of a television amplifier is
almost invariably a low impedance circuit
intended for feeding a coaxial transmission
line. Its impedance is so low (75 ohms or
less) that a diode detector may be coupled
to it directly without serious effect. There-
fore, it is desirable to connect the detector
at this point, and leave it there for sweep
oscillator tests on any or all stages of the
amplifier. Test and adjustment of each
stage in a multi-stage amplifier may be

+B QtB

[ piobe
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NOTE. RESISTOR ADDED TEMPORARILY
FOR SWEEP TEST ONLY AT (D)

FIG. 13. Typical schematic of multi-stage amplifier showing points where
test equipment should be connected.
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made with this arrangement by testing the
stages in reverse order, beginning with the
one which just precedes the output stage,
and progressing toward the input. By these
means the performance of each stage is
measured through stages which have been
adjusted previously to be satisfactorily
“flat”, and after adjustment of the final
(input) stage, the performance of the en-
tire amplifier is observable.

Figure 13 shows a diagram of a typical
amplifier with indications of the proper
points for application of the test equip-
ment. The output terminal should be
bridged with a resistor equal to the char-
acteristic impedance of the transmission
line normally connected there, but the line
should ot be connected during test of the
amplifier because it is desirable to avoid
discrepancies which might be introduced
by line reflections. The effect of the trans-
mission line and its termination should be
treated separately. With the detector con-
nected to the output as shown, the sweep
oscillator should be connected at (a) when
aligning circuit (A), at (b) when aligning
circuit (B), and so on in alphabetical order
until all circuits are completed.* Some-
times it is desirable to disconnect the plate
circuit of the preceding tube when con-
necting the sweep oscillator to a grid in
order to avoid the loading effect of the
plate circuit on the sweep generator. For
example, in I'igure 13, the circuit would
be opened temporarily at the point marked
X when connecting the sweep generator
at (a).

If some intermediate stage requires spe-
cial treatment which necessitates testing
without association with the rest of the
amplifier, then the plate circuit of the tube
following the circuit in question should be
connected temporarily as a low impedance
output circuit similar to the output stage
shown in Figure 13. Some high-gain multi-
stage amplifiers become unstable when an
effort is made to test all the stages at once
because the connections to the test equip-
ment provide unavoidable paths for feed-
back. In such cases the amplifier may be
tested in two parts by using the technique
just described of converting one of the in-

* A note of caution should be added about
the use of the swcep generator. The attenuator
and output circuit of the sweep provide very
low resistance across the output terminals. The
circuit does not include a blocking condenser;
therefore, it should never be connected to any
part of an amplifier where there is a d-c voltage.
as, for example, directly to the plate circuit of
an amplifier. If this should be done, the sweep
generator would be seriously damaged.



termediate stages temporarily to a low im-
pedance output arrangement for use in
testing the low level or head-end section.

Another special case exists where a
clamp circuit is used as shown between
the first two stages in Figure 13. The
clamp, if left in operation, would cause
spurious results because the sweep gener-
ator does not provide television blanking
pulses on which the clamp normally oper-
ates. Therefore, it becomes necessary to
immobilize the clamp. This may be done
by adding a grid leak (of about 0.1
megohm) as noted in Figure 13, and by
substituting a “dummy” diode (one in
which the heater circuit has been opened
by ‘cutting off a base pin) for the normal
clamp diode. This latter is necessary in
order to maintain the stray capacitances
in the amplifier circuit at their normal
values without any diode action.

Another method is possible which makes
it unnecessary to immobilize the clamp
circuit. This method involves the intro-
duction of blanking pulses into the sweep
signal so that the clamp operates in its
usual fashion. Such mixing should not be
attempted on a simple basis in temporary
equipment. However, it may be done sat-
isfactorily by wusing the RCA TK-1B
Monoscope Camera which has an auxiliary
input terminal provided for such a purpose.
If such a setup should be used, it would
be necessary to regard the Monoscope
Camera as part of the sweep generator,
and to be sure that the performance of
the complete equipment is satisfactory for
use as a signal generator.

Still another special case is encountered
when it is desired to determine the overall
frequency characteristic of a camera pre-
amplifier. This amplifier usually contains
two circuits which do not have flat fre-
quency response individually, but rather
they are complementary so that the overall
response is flat. The two circuits in ques-
tion are the input circuit where the pickup
tube is coupled to the amplifier, and the
so-called “high peaker” circuit.

The input circuit comprises not only the
load resistor normally connected to the
pickup tube, but also the stray capacity of
the circuit including the signal plate of
the pickup tube and the grid of the first
amplifier with necessary wiring and coup-
ling capacitor. It is not satisfactory to
couple the sweep oscillator directly to the
input of such an amplifier because it
changes the impedance from a relatively
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high value to a very low value, and, there-
fore, it upsets the normal configuration of
the circuit which is to be checked.

A satisfactory method of coupling to an
input circuit of this kind is to use a low-
gain pentode tube as a buffer between the
sweep oscillator and the input terminal of
the amplifier. The plate load for the buffer
should be the same load that is normally
used for the pickup tube, with such
changes in supply voltages as may be
necessary for suitable operation of the
buffer. Signal input and gain of the buffer
should be adjusted so as to provide no
more than normal signal level at the am-
plifier input. Careful measurement of the
stray capacity normally present in the
input circuit, with the pickup tube con-
nected to it, should be made. Then when
the pickup tube is disconnected, and the
buffer is connected, the circuit should be
padded with additional capacity until the
total is the same as that which was meas-
ured in the normal circuit.

A typical circuit arrangement for such a
buffer stage is shown in Figure 14.

Low-frequency response may be meas-
ured most quickly and satisfactorily by
the square wave method. Square waves
with a fundamental frequency equal to the
field frequency of the television system
(60 cycles for the American system) are
adequate. Several commercial generators
are available to provide such a signal. For
observation of the results, a cathode ray
oscilloscope similiar to that required for
the sweep signal tests may be used, good
low frequency response being the principal
requirement. The technique for applying
the test equipment to the amplifier under
test is similar also. The oscilloscope should

TO VOLTAGE SUPPLY
FOR PICKUP TUBE

14. Buffer amplifier for coupling sweep oscillator to preamplifier.

be connected to the output circuit which
does not contain elements critical to fre-
quency response. The signal is applied to
each stage in succession and progressively
toward the input until the entire unit is
tested.

Square wave response tests (at low fre-
quencies) need to be applied only to those
parts of an amplifier which follow a clamp
circuit. Other parts which precede the
clamp are usually intended to have poor
low frequency response in order to min-
imize microphonics or other disturbances,
and therefore testing them is pointless. The
clamp restores the low frequency com-
ponents in the video signal which are lost
in such circuits.

It is generally considered sufficient to
make the two tests described in the fore-
going paragraphs even though they leave
the intermediate region from 60 cycles to
100 KC unchecked. If both such tests in-
dicate proper adjustment, there is little
likelihood that there is serious trouble in
the intermediate region. However, if it is
desired to make a check covering this
range, it may be done simply by changing
the frequency of the square wave generator
to about 15 KC, and observing the accu-
racy with which the wave shape is repro-
duced. Faulty response is indicated by
tilted peaks on the waves, or by transient
overshoots on wave fronts, or by badly
rounded corners on the peaks of the waves.
The last two faults are indications of poor
high-frequency response which would show
very prominently in the sweep test. For
such an intermediate frequency test, a
wide-band oscilloscope is required.
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FIG. 15. Demodulated output of the video sweep oscillator. Minimum FIG. 16. Output of single compensated amplifier stage as in Fig. 9,
frequency less than 1 mc, maximum 12 me, marker notch at 7 mc. with circuit adjusted normally. Marker notch at 7 mec.

FIG. 17. R; too small. Note reduced output at low frequencies and FIG. 18. R| too large. Note excess output at low frequencies. and
upward slope of curve toward middle range. High frequency end particularly the downward slope toward the middle range.
of curve unchanged.

- -

FIG. 19. L, too large. Principal effects are reduced cutoff frequency FIG. 20. L, too small. Note reduced gain in
and slight upward slope from low end toward mid-range. Conversely, upper frequency range.
with L, too small, the cutoff frequency will be larger and low-

frequency ouiput too large.
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FIG. 23. R! too large. Note reduction of both the fundamental and
second harmonic resonances compared to Fig. 22. Marker notch
not used.

FIG. 21. L, same as in Fig. 20, but with R; also reduced to level
off the low-frequency response. Results are reduced output and
slight sag in mid-range as compared to Fig. 16.

FIG. 24. R! too small. Note overdamping of fundamental resonance
and long downward slope of curve with absence of pronounced
cutoff.

FIG. 22. R! completely removed permitting characteristic resonant

peak at cutoff frequency. Small resonance at mid-range caused by

the second harmonic content of the sweep oscillator signal. This

latter is characteristic of most signal generators, and the result is
not caused by a fauli in the amplifier.

FIG. 25. 30 cycle square wave at output of amplifier of Fig. 9
This picture illustrates the input signal equally well as there was
no observable difference in wave shape.
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FIG. 26. Distortion resulting when R, shunt across C. is opened.

R, readjusted to give optimum results.

&

S~

—

FIG. 28. R, made too small producing “loss in lows.”

In making both high and low-frequency
tests it is imperative to guard against sat-
uration either in the amplifier under test
or in any of the test equipment including
the oscilloscope. Even partial saturation
can result in sericus misinterpretation of
actual conditions. Furthermore, in making
high-frequency tests with the sweep gen-
erator, it is important to be sure that a
stage already adjusted does not cut off at
a frequency lower than the stage under
test. If this happens, the operation of this
latter stage will be partially masked by
the cutoff of the first circuit.

TYPICAL RESULTS AND THEIR
INTERPRETATIONS

High-Frequency Tests (Figures 15
through 24)

The oscillograms shown were photo-
graphed from tests of a circuit of the type
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FIG. 2.

FIG. 27. Rg made too large resulting in rising slope of positive

peaks, or “gain in lows.”

(a) Z, nearly zero (R, by-passed by large C).

(b) R, — 560 ohms.
{(c) R, — 1700 ohms.
Abscissas indicate input voltage; ordinates indicate output

shown in Iigure 9. This circuit was chosen
for discussion because it is the most com-
monly used circuit. and because the num-
ber of variables is rather large and con-
fusing. The story of each oscillogram is
given in its legend in order to facilitate use
of the illustrations for reference. Normal
adjustments are illustrated first, while suc-
ceeding pictures show the results of mis-
adjustments of the various circuit elements.
In each such case only one element has
heen changed from the normal value of
Figure 15 unless otherwise indicated.

Low-Frequency Tests (Figures 25
through 28)

Reference should be made to Figure 9
in this case also. The fundamental fre-
quency of the square waves used in pro-
ducing the oscillograms was 30 cycles. This

voltage with circuit of Fig. 30-A.

low frequency was chosen 1o accentuate the
effects shown. It also indicates the ex-
cellent performance which may be obtained
when the circuit is properly adjusted. As
before, each osciliogram illustrates the
effect of misadjusting only one circuit ele-
ment as compared to the correct result of
Figure 25, unless otherwise noted.

Linearity of Amplifiers

Maintenance of a linear relationship
between input and output voltages in a
video amplifier is important. One of the
best methods for securing such a relation-
ship is the use of negative (degenerative)
feedback. An unbypassed resistance in the
cathode of an amplifier is a simple and
effective way of obtaining negative feed-
back which is satisfactory over a wide fre-
quency range. This type of feedback is



y |

useful in wide-band television amplifiers
because the cathode circuit impedance is
so low (when tubes of high transconduct-
ance are used) that no frequency compen-
sation in the cathode circuit is required
even though the resistor used is relatively
large. Negative feedback of this kind is
indicated in the circuit of Figure 9 by the
resistor Rg.

In addition to its inherent low impedance
a degenerative cathode circuit has the
usual properties of all negative feedback
circuits such as:

(a) increasing loss of gain with increas-
ing degeneration.

(b) more nearly linear operation as the
degeneration increases.

The oscillogram of Figure 29 shows the
change in gain when three different values
of cathode circuit impedance are used with
a 6SN7-GT tube. The curves were ob-
tained by applying the voltage from the
signal generator to the horizontal deflec-
tion plates of the oscilloscope, and the out-
put of the amplifier being tested to the
vertical deflection plates as illustrated in
Figure 30-B.

In order to show the effect on linearity,
which is not easily discernable in Figure
29, the curves are repeated in Figure 31
with the horizontal deflection of the oscil-
loscope adjusted in each case to give the
same amount of deflection. The improve-
ment in linearity with increasing Rg is
obvious.

As a matter of interest, the curves of
Figure 32 are included to verify the
previous statement that the internal im-
pedance of a cathode circuit is low. As
indicated in the legend for case (a), the
(a) curve shows the cathode signal voltage
produced across a cathode resistor of 1700
ohms. The circuit is illustrated in Figure
33. For case (a), both switches, S; and Sa,
are open. IFor case (b), S; is closed con-
necting plate and cathode only of the sec-
ond triode in parailel with the first. Note
that the signal voltage on the cathode is
seriously compressed and distorted just as
though the cathode resistor had been re-
duced to a low value. In fact, this is just
what has Dbeen done by shunting the
cathode of the second triode across that
of the first. The internal cathode resistance
of a tube is approximately equal in mag-

. 1
nitude to —, where g, is the transcon-

m

ductance of the tube. Published data on

+B

1/2 6SN7-GT . OUTPUT
(FI1G. 28 & 30)
O__| —\
INPUT /!
. o OUTPUT
N (FIG. 31)
560 N —— 1000 ufd.
>Ry
SV\Il:lggHC OPEN (\SWITCH CLOSED
ASE FOR CASE
(¢) ONLY 11400 () ONLY
P
S § 1

FIG. 30-A. Circuit used in obtaining the oscillogram shown in Fig. 29.

the 6SN7-GT gives g, — 3100 micro-
mhos, which in turn gives a value of about
325 ohms for the internal cathode resist-
ance. Thus, closing S; has changed the
cathode resistor for the first triode from
1700 ohms to a parallel combination of
1700 and 325, or about 275 ohms. Case (c)
was obtained by closing S. (leaving S,
closed) which causes the second triode to
contribute to the output signal by driving
its grid with input signal. The two triodes
now function as a single triode having
twice the transconductance of one, giving
a slight increase in output as indicated by
the increased length of the slanting line.

Output Circuits

Output amplifier stages in wide-band
video amplifiers are not usually spoken of
as power amplifiers because it is not pos-
sible to match the internal tube impedance
for maximum powcr output. The load has
very low impedance to accommodate the
wide frequency band, and as a result .he
amplifier operates very inefficiently. In
fact, this statement applies equally well to
all types of video amplifiers. In television
terminal equipment, output stages are used
to feed signal to lew impedance transmis-
sion lines, usually coaxial lines of 75 ohms
characteristic impedance. A properly ter-

AMPLIFIER
BEING TESTED

SIGNAL

GENERATGR

VERTICAL
AMPLIFIER '
HORIZONTAL
AMPLIFIER

CATHODE RAY

OSCILLOSCOPE

FIG. 30.-B. Arrangement of equipment for obtaining linearity curves.
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FIG. 31.

minated transmission line acts as a purely
resistive load and therefore accepts all fre-
quencies equally well. To the amplifier the
line appears simply as a resistance. There-
fore, the problem becomes one of provid-
ing proper coupling to the low resistance
presented by the Iine,

INPUT |

Same conditions as Fig. 29, but with equal horizontal
deflection im each case to show change in linearity.

FIG. 32. Loading effect of internal cathode impedance:
{(a) Cathode signal voltage with one triode, R, = 1700 ohms.

(b) Second triode added in parallel, cathode and plate only.
{c) Grid of second triode also added in parallel,

The cathode follower is often regarded
as the most acceptable circuit arrangement
for feeding a line. Where direct coupling
to the line is possible, it has some advan-
tages, namely, excellent low frequency re-
sponse all the way down to zero (dc),
general simplicity, and the property of

6SN7-GT

| MEGOHM | MEGOHM
O
1140 N
OUTPUT
—0

FIG. 33. Schematic of test circuit of a typical cathode follower used in
obtaining the curves of Figs. 28.31.
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providing (with slight modification) a ter-
mination at the sending end of the line
which helps to min‘mize reflections. How-
ever, it has one disadvantage which is
rather serious; with direct coupling, the
d-c component of the cathode current of
the amplifier tube flows in the transmission
line. This is an objectionable feature be-
cause many cof the transmission circuits
now provided by the common carriers, such
as the A T. and T. Co., include wide
band transformers which cannot accommo-
date any d-c. If direct coupling is to be
avoidec, very large coupling capacitors
must be used. Because of this situation, it
has become customary to avoid the use of
cathode followers for line driving, and to
resort to plate output circuits in their stead.

Plate coupled output amplifiers require
blocking capacitors too, but much better
low frequency performance can be obtained
as will be seer from the following discus-
sion. Figure 13 includes a plate-coupled
output stage which is redrawn in Figure 34
for convenience. The low frequency per-
formance of a network like this may be
measured in terms of the time constant of
the loop which includes the coupling capac-
itor; i.e., the product, RC, where R is the
total resistance around the loop. In Figure
34, R = R, + R,, assuming negligible re-
sistance in the power supply. For good per-
formance, RC should be as large as pos-
sible. By adding the frequency, f, at the
low end of the band as a third factor, a
figure of merit for low frequency perform-
ance may be determined, ie., RfC. Cir-
cuits having values of RIC less than 20



are usually not considered satisfactory, and
larger values are desirable,

In cases of coupling between amplifier
stages, the same rule applies, and, in the
terminology of Figure 1, the time constant
becomes (Ry, + R,) C.. In this case, how-
ever, Ry, is usually negligible compared to
Rg, so that the time constant becomes
practically R,C.. On the other hand, in
Figure 34, R, is not negligible; it is the
principal resistance as compared to R,.
Therefore, it may be seen that the low
frequency performance is almost entirely
dependent on the size of R, and C, and
almost independent of how R,
becomes.

small

In practical cases, R, is usually 75 ohms,
and R, is made as large as the plate sup-
ply voltage will permit. Let us say, for
example, that Ry, is 3000 ohms for a 6AG7
tube and a plate supply of 280 volts. At
60 cycles, if we choose 20 for the minimum
figure of merit, then C must be

20
Rf

T 3075 X 60

108 X 10— = 108MFD.

Obviously if R, is reduced to 50 ohms or
even less, there wiil be almost no change
in the capacitance required to give equally
good performance.

Figures 35 and 36 are oscillograms show-
ing the low-frequency performance of a

FIG. 35. Signal across R, with 6SN7 plate coupled output.

o = 100 ohms R;, = 10.000 ohms

| — C
Re Ro
o I
— POWER
SUPPLY
+B ]
O— *—

FIG, 34. Schematic of typical plate output

stage for coupling to a low impedance

transmission line.

plate coupled output stage with adequate
and inadequate values of R, respectively,
no other circuit changes being made.

Considering the cathode follower in the
light of the expression for figure of merit,
it becomes obvious that a very large capac-
itor is needed. For example, again using a
6AG7 for illustration,

90 ohms.

Let us choose C = 2000 MFD.
Then the figure of merit
= (R, + Ry) fC

C = 125 MFD

= 165 X 60 X 2000 X 10— = 19.8,
a satisfactory figure However, it would be
difficult to attain this in practice because
the cathode circuit would have to be
shunted with a resistor (not considered
above) to provide a d-c path for the
cathode current. This resistor would have
to be small to limit the voltage applied to
the 2000 MFD capacitor to its rated value.
The shunt resistor would reduce the figure
of merit appreciably. Such a circuit would
be used only in cases where other consid-

erations are controlling.

FIG. 36. Same as Fig. 35, except R;, = 500 ohms.
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TEST AND ALIGNMENT PROCEDURES FOR VIDEO

AMPLIFIERS

Epitor’s Note: Procedures mentioned here are for equipment that has been superseded except for the TM-6B
Master Monitor. They are included here because many of these equipments are still in use. Instruction books on
all new equipment give the alignment procedures for that unit.

It is the purpose of this article to pro-
vide a general step-by-step guide or
approach for the testing and align-
ment of video amplifiers! as well as
specific alignment procedures for in-
dividual units of the RCA television
terminal equipment.

Television station engineers and
technicians concerned with the opera-
tion and maintenance of video ampli-
fiers and other TV equipment should
find this information particularly use-
ful. Since many of the video testing
procedures and techniques are rela-
tivelv new and must be performed at
relatively  high frequencies, suitable
test methods, adequate test equipment
(which is available commercially) and
sufficient care in making measure-
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marker pip which is available, covers
the usable range of the sweep. Blank-
ing is provided internally (60 cycle)
to blank out the signal during retrace.

In conjunction with the sweep, a
crystal detector is shown schematically
in Fig. 2. It is a voltage doubler and
rectifier which converts the frequency
modulated signal to its envelope.

The efficiency of rectification is
about 90% ; hence in setting up a
specific output level of 1.5 volts, the
signal output of the detector should
be approximately 1.35 volts. In con-
structing such a detector it is impor-
tant that leads of components be kept
as short as possible. Distributed ca-
pacity should be reduced to a mini-
mum. The method of obtaining the

ments are recommended.

The video signal is made up of many
frequencies of varying amplitudes and
characteristics. Faithful reproduction of
this signal is obtained only when the am-
plifiers are relatively free from frequency,
amplitude, and phase distortion over the
required frequency band. Therefore, the
testing procedures described in this article
are confined to those characteristics which
are most likely to affect the performance
and quality of the video signal.

Transmission Characteristics of
Video Amplifiers

The frequency response characteristic of
an amplifier indicates frequency distor-
tion directly and is a means of judging

1), 1. Roe. "How to Adjust Frequency Re-
sponse in Video Amplifier for TV, Broancast
NeEws, No.o 58, March-April, 1950, pp. 54 to
05, inch

phase distortion. This characteristic may
be obtained by the well known point-to-
point method. However, this is a time
consuming task and is too cumbersome. A
more convenient method uses a sweep fre-
quency generator, a crystal detector, an
oscilloscope with a good frequency re-
sponse, and a square wave generator for
30 cycles and 7.5 kilocycles.

The sweep generator recommended is
the RCA WA-21A. It consists of a fixed
frequency oscillator and a sweep oscillator,
frequency modulated at 60 cycles. The
swing of the frequency modulated oscil-
lator ranges from a few kilocycles on one
side of the frequency of the fixed oscillator
to 10 mc. on the other side. The beat
frequency output over the usable range
(100 ke, to 10 mc.) is of constant ampli-
tude within 1 db. This gives a well-defined
zero frequency reference. The frequency

0 (FREQUENCY, f-MC) 10

FREQUENCY MODULATED
OUTPUT OF WA 2I1A

A

DETECTED ENVELOPE (60 CYCLES)

OF VIDEO SIGNAL
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frequency response of an amplifier is
divided into two parts, the high frequency
response (100 kc. and above) and the low
frequency response.

High Frequency Response

For this measurement, the sweep gen-
erator, the crystal detector, and the oscillo-
scope are used. The method consists of
coupling the low impedance output of the
sweep generator to the grid of an ampli-
fier stage, the plate circuit of which con-
tains the circuit to be checked or ad-
justed. The detector should be connected
to some low impedance point of the fol-
lowing stage such as the un-bypassed
cathode.

The circuit of Fig. 3 indicates a typical
video amplifier stage. Removing the cath-
ode bypass capacitor makes this second
stage a cathode follower. The cathode re-
sistance is on the order of 100 ohms so

4

FIG. 1. Wave forms showing output char-
acteristic of the WA-21A sweep generator.

FIG. 2. Schematic circuit of a peak-to-peak
diode detector for use with sweep oscillator.
v

IN 35
CRYSTAL

PROBE

1000 pwid

_‘_. apfd T

50000n

OUTPUT TO
OSCILLOSCOPE



that the effect of feed-through capacity
will be negligible.

An alternative to this scheme is to leave
the cathode bypass capacitor in place and
connect a 100-ohm resistor across the peak-
ing coils of the second stage to shunt both
the series and shunt peaker. By attaching
the detector across this resistor, this stage
would then be a plate output stage.

Most of the amplifiers of the television
terminal equipment are terminated with
low impedance plate output stages or cath-
ode followers. This affords a convenient
point to attach the detector since the effect
of the added capacity falls outside of the
frequency band being considered. Hence,
the detector is usually left there for the
duration of the test.

The video sweep signal is then injected
at the grids of the preceding stages, start-
ing at the output end and progressing
towards the amplifier input. Care should
be exercised not to overload the ampli-
fier, creating the illusion of a good re-
sponse. The test signal should be the same
as that handled by the amplifier during
normal operation,

The specification given for various re-
sponses is representative of typical produc-
tion equipment. Reasonable variations in
response can be expected Dbetween units
of the same type due to normal manufac-
turing tolerances.

In amplifiers where clamping, blanking,
and sync signals are added, precautions are
taken to maintain normal operating condi-
tions. Clamping tubes add considerable
capacity and affect circuit tuning. Such a
tube is replaced with a tube of the same
type that has its filament pins removed.
A temporary grid leak resistor is added
(470,000 ohms for 6AC7) to the opened
grid.

Blanking is usually inserted by an am-
plifier, the plate of which shares a com-
mon plate load resistance with one of the
vitleo amplifiers. In addition to the circuit
capacity it contributes, quiescent voltages
of the video amplifier are dependent on
the current drawn by the blanking ampli-
fier. Thus, blanking cannot be removed by
simply removing the blanking amplifier.
Instead, the tube that drives the blanking
amplifier (usually 1/2 6SN7) is replaced

FM VIDEQ r
SWEEP INPUT '

l__srAeE T BE ALIGNED

L
SERIES mml I—m—-
€ DAMPING
RESISTOR. | ==
] CATHODE EYPASS
TEMPORARILY REMOVED.

TO
O5CILLOSCOPE

FIG. 3 (above). Typical Video Amplification Stage used in Television Terminal Equipment.

by a tube with its grid, plate, and cathode
pins removed. These tubes should  be
plainly marked, possibly with red paint,
to identify them. 'This will help prevent
them from being left in the equipment.

It may occur that a high gain ampli-
fier tends to regenerate and oscillate due
to leads being attached to it. In such cases
the alternative of disrupting the amplifier
in the middle and checking the amplifier
in parts will be sufficiently accurate to in-
sure proper performance.

Beware of rapid variations in amplitude
as shown in Fig. 4. Such variations of fre-
quency response are accompanied by severe

FIG. 5 (below).

FIG. 4. Amplitude Va-
riations as represented
here are undesirable.

variations of the phase characteristic of
the amplifier and may cause ringing or re-
flections in the video signal.

In carrving the frequency response of
the typical series-shunt peaked stage out
to 6 or 7 megacycles, the phase response
should be good out to 5 or 6 megacycles.
Assuming this phase response to be ade-
quate, the difficulty of making phase meas-
urements is eliminated.

The wave shapes below illustrate the interpre-

tation of response curves obtainable with series-shunt peaking.

loMC

SWEEP QUTPUT

DESIRED |RESPON
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ALIGNMENT PROCEDURES

Low Frequency Response

The response of an amplifier at the low
frequency end is usually determined by the
time constant of the inner-stage coupling
networks. The low frequency response re-
quirements vary from unit to unit depend-
ing on their relationship with clamping.
With clamping occurring at a horizontal
rate, 30 cycle response is not necessary.
However, the amplifier should pass a 7.5
kc. square wave with less than the speci-
fied maximum amount of tilt. This re-
quires good phase response down to 7.5
kc. which implies good amplitude response
down to 1/50 or less of this frequency
when no special low frequency compen-
sating circuits are employed. The 7.5 kc.
square wave corresponds to a signal such
as a bar extending the full width of the
scene.

After clamping, the amplifier response
should be such that the tilt should be less
than the specified maximum for a 30 cycle
square wave.

After alignment of any amplifier the final
check should be the passage of a signal
through it and close inspection of the sig-
nal on a monitor. The RMA Resolution
Chart* is a very useful signal source. The
wide range of picture resolution gives rise
to a wide range of frequency components
and will be a good overall check.

* See Bulletin #ED-2502-A preparcd by TR4
Committee on Television Transmitters, Trans-
mitter Section, RMA Engineering Department.

. RCA Film Camera Chain
A. Film Camera—NMI-26020, MI-26020-A

1. High Frequency Response
a. Disconnect output of iconoscope.
h. Connect detector across R32.

c. Align T-9, T-8 and T-7 associated
with V-17, V-16, V-15, and V-14.

The response of these four stages should be
essentially flat to 6.5 mc.

d. Using V-14 as a cathode follower, con-
nect detector to pin #2.

¢. Remove V-15.
f. To eliminate high pecaker circuit dis-

connect C-4 and change the connection
of C-7 to other end of R-9.

g. Align T-6.

h. Ground grid of V-12 and inject sweep
on cathode, pin #2.

i. Align T-5.

The overall amplifier response, with peaking
circuit eliminated, should be essentially flat to
6.5 mc.

j. Return unit to normal operating con-
dition.

B-56

2. Low Frequency Response

a. Check to be made with high peaker
circuit eliminated as outlined in “f” of
High Frequency Response.

h. Connect CRO across R32.

c. Ground pin #1 and insert 7.5 kc.
square wave at P-2 of V-12.
Note: It may be necessary to check
aniplifier in two steps as in High Fre-
quency Response,

Tilt should be tess than 10%.

d. Return unit to normal operating con-
dition and adjust high peaker with
test pattern being fed in iconoscope.

B. Film Camera Control—MI1-26075

1. High Frequency Response

a. Replace V-9 with 6SN7, pins 4, 5, and
6 cut off (removes blanking).

b. Replace V-2 with 6ALS, heater pins
cut off (removes clamping).

c. Add grid-leak (temporarily) of 500,000
ohms on V-3, pin 4 to ground.

d. Turn BLACK LEVEL CONTROL
(S-1) to OFF.

e. Transient suppressor, R-24, should be
at its maximum clockwise position.

f. Terminate PICTURE OUTPUT and
REMOTE MONITOR with 75-ohm
terminations (not cables). Terminate
MONITOR OUTPUT with 200 mmfd.

g. Ground pin 4 to V-1,

h. Connect detector across PICTURE
OUTPUT and REMOTE MONITOR.

i. Align T-3, T-2. Inject signal for T-1
alignment at pin 5 of V-1.

The overall response should be essentially
flat to 6 mc.
j. Return unit to normal operating con-
dition.
2. Low Frequency Response
a. With conditions “a” to “g” inclusive
of part 1 in effect, attach CRO across
PICTURE OUTPUT.

b. Insert 7.5 kc. square wave at pin 5
of V-1.

FIG. 7. Input circuit
for checking alignment
of Monoscope Camera.

SWEEP —
INPUT

o

St

Tilt should be less than 10%.

c. Insert 60 cycle square wave to pin 4
of V-3.

[ilt should not exceed 20%.
d. Return unit to normal operating con-
dition.
C. Master Monitor—MI-26135-A
1. High Frequency Response
a. Kinescope Amplifier

(1) Remove kinescope socket (sce
below). Using an isolating capac-
itor in series with cathode side
(terminal 6) connect the detector
between grid (terminal 7) and
cathode terminal of socket.

F}‘:@m__‘: TO ¢RO

WIRING SIDE

FIG. 6. Socket connections used be.
tween CRO and Kinescope (1816P4).

(2) Turn S-6 to DOWN position and
sct kinescope contrast (R-155) to
maximum,

(3) Align T-105 and T-104.

Response should be essentially flat to 7.5 mc.
b. CRO Amplifier
(1) Set S-2 in VERTICAL position.

(2) Apply 0.5 volt signal to PIC-
TURE INPUT, J-2.

(3) Align T-101, T-102, and T-103 by
observing undetected output on
Master Monitor CRO screen.

Response should be essentially flat to 4 mec.
Tilt of the axis should not exceed 15% of the
peak-to-peak signal.

2. Low Frequency Response

a. Kinescope Amplifier

~MAKE THESE LEAD LENGTHS
AS SHORT A5 POSSIBLE

Vi

OF MONQSCOPE
=




(1) Switch S-6 DOWN.

(2) Turn KINE CONTRAST max-
imum clockwise.

(3) Apply 1.0 volt p-p 60 cycle square
wave to PICTURE INPUT, J-2.

Signal at V11-3 as observed on a Cathode
Ray Oscilloscope with good low frequency re-

sponse should be 5% tilt or less.

b. CRO Amplifier
(1) Switch S-6 DOWN.

(2) Switch S-2 in VERTICAL posi-
tion.

(3) Apply 1.0 volt p-p 60 cycle square
wave to PICTURE INPUT, J-2.

(4) Adjust CRO GAIN for 1.0” of
deflection.

Tilt observed on monitor CRO shall be 5%

or less.
D. TM-6B Master Monitor—MI-26136 and

MI-26136-A.
1. High Frequency Measurement
a. Kinescope Video Amplifier
(1) Remove Horizontal driver and
damper tubes, V18 and VI19. Re-
move kinescope socket, V12.
(2) Connect diode detector at the junc-
tion of C15 and Kine Cathode lead.

(3) Install dummy 6AHG6 (filament
dead) in XV5.

(4) Apply Sweep signal to grid of V3,
(pin 8 or 9) adjusting LS and L6
for flattest response to 8 mc. Nofe,
this is a high impedance circuit
and the input capacity of the diode
should be approximately 5 mmf.
to simulate the capacity of the
Kinescope.

(5) Apply sweep signal to grid of V2
(pin 1) and adjust .3 and L4 for
flattest response to 8 mec.

(6) Connect sweep to Pict Input, J1,
and set Kinescope Contrast con-
trol at mid position. Adjust L1 and
1.2 for flattest response to 8 mc.

(7) Slight readjustment of peaking
coils may be in order to produce
the flattest overall response curve.

(8) Replace V5 with normal 6AHG.
b. CRO Vertical Amplifier

(1) Remove V9 and V10 and connect
diode detector to grid of V9 (pins
8 or 9).

(2) Close B4 Interlock, S4. Set Cali-
brate - Wide-Narrow Switch to
Wide. Set CRO Vert-Hor.-Pulse
Cross switch to Vert.

(3) Apply sweep signal to grid of V8
(pin 1). Adjust L8 for flattest re-
sponse to 4 mc.

(4) Apply sweep signal to Pict. Input
and adjust L7 for flattest response
to 4 mc.

(5) Open B+ Interlock, S4 and install
V9 and V10. Close B4 Interlock.
Switch CRO Expand switch, S5
to Expand. Adjust the CRO Ex-
pand potentiometer (R168) to
center video signal.

(6) Adjust 1.9 and L10 for flat re-
sponse (*5%) to 4 mc. as ob-
served of the CRO, V13,

(7) Slight readjustment of peaking
coils may be in order to produce
the flattest response curves.

M.

. RCA Monoscope Camera

ALIGNMENT PROCEDURES

(8) Switch S1 to Narrow. The re-
sponse curve should lie approxi-
mately midway between the limits
of the recommended IRE response

curve.
I'req. Nominal Response Limits
2me. 70% (—3db) of mid band 55-80%
3Ime. 50% (—6db) 36-63%
4me. 35% (—9db) 20-49%

2. Low Frequency Response

a. Kinescope Amplifier
With kinescope gain control, R4 at
Mid position, and V5 removed, apply 1
volt peak-to-peak to cycle square wave
to Pict Input (J1). The output at the
junction of C-15 and Kinescope cathode
lead shall not exceed 10%.

h. CRO Amplifier
With CRO Gain control R70 at mid
position and 1 volt (p-p) 60 cycle
square wave fed in at J1. Adjust L. I,
Phase (R202) for a minimum tilt,

MI-26030
and MI-26030-A.
Attach detector to PICTURE OUTPUT

or MONITOR OUTPUT terminated with
75 ohms.

. Remove Blanking Signal.
. Set PICT.-EXT. switch, S-2, to EXT.
. Align T-7, T-6, T-5, and T-4.

Response should be essentially flat to 8 mc.

¢. Insert 60 cycle square wave at pin 4 on V-6,

Square wave should have less than 10% tilt
and 109 overshoot.

N. With

A. Field and Studio Cameras— Studio,

Because of the size of the plate load re-
sistor, input circuit of V-1 becomes principal
signal load.

circuit connected as ahove, inject
sweep at pin 1 of 6AGS. Response of input
circuit should be essentially flat to 8 mc.

O. Return unit to normal operating condition.

1ll. RCA Image Orthicon Camera Chains

(for Master Monitor see I. Film Camera
Chain)
MI-

26000 and MI-26000-A ; Field, MI-26010 and
MI-26010-A.

1. High Frequency Response

a. Disconnect input capacitor, C-13. to
PICTURE AMPLIFIER, V-2, and
remove image orthicon socket.

b. Close S-6 by compressing turret handle
and fasten in this position. This opens
coaxial line and inserts 51-ohm resistor.

c. Attach detector to low side of R-23,
150-ohm .resistor directly below V-7.

d. Maintaining amplifier output at ap-
proximately % volt peak-to-peak, align
T-8 and T-7.

Response should be essentially flat to 8 mc.

e. Set gain control to maximum and high
peaker to its mid-capacity position.

f. Using the network of Fig. 8, feed a

100 kc. square wave to pin #1 of V-2.

Yaw Yo w Yaw
5600 5600 5600 G A
A VWV —1¢ GRID, PIN 1
l oF V-2
1000 O
PUT FROM 1500
INPY Af

DQUARE WAVE GEN.
OR SWEEP GEN.

=

FIG. 8. Input circuit for checking response of Image Orthicon Camera.

. Remove V-2 and replace clamper tube V-9

with 6H6 with its filament pins removed.

. Add temporary grid leak (500 K) to pin 4

on V-6.

. Attach detector to pin 5 of V-6.
. Disconnect R-5 and add temporary grid leak

to pin 4 of V-1,

. Align T-3 and T-2.

Response should bhe essentially flat to 8 mc.

. Insert 7.5 kc. square wave,

Square wave should have less than 10% tilt.

. To align T-1, reconnect R-5 to grid (pin 4)

of V-1. Remove temporary grid leak at this
point.

The circuit shown in Fig. 7 is one way to
simulate the output capacity of the Mono-
scope tube and provide the means of inject-
ing the video sweep.

The tube designated here might well be

changed to any pentode such as 6AKS,
6AC7, etc.

Set the 1000-ohm pot at the input so
that the square wave is reproduced
with no tilt. Do not change the setting
of potentiometer. Remove square wave
generator and insert video sweep,
through network. Align T-5 and T-6
using signal inserted at this point.

Overall amplifier frequency response should

be essentially flat to 7 mec. Gain of amplifier
connected as above shall be equal to or greater
than 1/10 the signal fed into the input network.

g. Return unit to normal operating con-
ditions.

2. Low Frequency Response (Applicable
only to units modified according to Tech-
nical Bulletin #JB65.)

a. Repeat step “f” of High Frequency Re-

sponse using 7.5 kc. square wave. Tilt
shall be less than 10%.

B. Studio Camera Control—MI-26055

1. If control is to be checked by itself, the
following procedure is recommended:
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ALIGNMENT PROCEDURES

a. High Frequency Response

(1) No driving or blanking pulses to
be applied.

Replace V-14 with a 6ALS, with
filament pins removed.

Add temporary grid leaks, 470,000
ohms, pin 4 of V-16 and V-13 to
ground.

(2)

(3)

(4) Connect 75-ohm terminations on
PICTURE OUTPUT. J-9, and
REMOTE MONITOR OUT-
PUT, J-6. Add 200 mmfd. capaci-
tor across MONITOR OUTPUT
to simulate monitor cable capacity.
Set Cable Switch to 100 feet and
set TRANSIENT SUPPRES-
SOR, R-22, to maximum clock-
wise position.

(6) To align T-3, comnect detector at
PICTURE OUTPUT and inject
signal at pin #4 of V-13. Output
signal level should be 2.0 volts.
Align T-2 and T-1, maintaining
1.5 volts output at PICTURE
OUTPUT. Input to first picture
amplifier should be made at pin
#24 of camera cable receptacle.

(7)

Overall response should he essentially flat to
6.5 mc. Switching the CABLE LENGTII
switch to 500 feet, the response characteristic
should remain unchanged at the low frequency
end but rise uniformly to be approximately 1.5
times the low frequency response at 6.5 mec.
Similarly, switch to 1000 feet. The response
characteristic should remain unchanged at the
low frequency end hut rise to he approximately
2.5 times the low frequency response at 6.5 mc.

(8) The output at REMOTE MON-
ITOR should show the same fre-

quency response at PICTURE
OUTPUT.
(9) Return unit to normal operating
conditions.

h. Low Freguency Response

(1) With conditions 1 to 5 inclusive
of part (a) in effect. attach CRO
across PICTURE OUTPUT.

Insert 60 cycle square wave at
pin 4 of V-13. The square wave
shall have less than 10% tilt.

(3) Return unit to normal operating
condition.

2. If the STUDIO CAMERA CONTROI.
is to be checked with a monitor, etc., the
following procedure is recommended :

a. High Frequency Response

(1) Remove blanking pulses by replac-
ing V-12 with 6SN7 with pins 1,

2, and 3 removed.

(2) Replace V-14 with a 6ALS5 with
filament pins removed.

(3) Add temporary grid leak, 470,000
ohms, to pin 4 of V-13.

(4) Turn  GAIN potentiometer to
maximum,
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(5) Connect 75-ohm terminations of
PICTURE OUTPUT, J-9, and
REMOTE MONITOR, J-6.

(6)

(7) These steps are same as those

(8) outlined in part 1-a.

9)

(10) Return unit to mormal operating
condition,

b. Low Frequency Response
(1) With conditions 1 to 5 inclusive
of part (a) in effect, attach CRO
PICTURE OUTPUT.

Procedure and response same as those out-
lined in part 1-b,

C. Field Camera Control-—MI-26065
1. Picture Amplifier

a. High Frequency Response

(1) Replace V-12 with 6SN7

pins 1, 2 and 3 removed.
Replace V-4 with 6H6 with pins
2 and 7 removed.
Insert 500,000 ohms resistor from
pin #4 of V-3 to ground.
Turn GAIN to maximum and ter-
minate PICTURE OUTPUT.
Attach detector to PICTURE
OUTPUT and align T-8, T-3,
T-2, and T-1. injecting sweep at
grids of picture amplifiers V-7,
V-3, V-2, and V-1 respectively,
maintaining 2 volt signal at oul-

pul.

with
(2)
(3)
(4)
(5)

The response of V-7 stage falls off gradually
starting at approximately 5 mc. The overall
response is made essentially flat to 6.5 mc. by
over compensation of the preceding stages.

h. Low Frequency Response
(1) With conditions 1 to 4 inclusive
of part a. in effect, attach CRO
across PICTURE OQUTPUT.
(2) Insert 60 cycle square wave at
pin 4 of V-3.

The square wave shall have less than 10%
tilt.

(3) Insert 7.5 kc.

pin 4 of V-1,

square wave at

The overall square wave response shall have
less than 109% tilt.

2. Kinescope Amplifier

a. Remove kinescope socket (sce below).
Using an isolating capacitor in scries
with the cathode side (terminal 6),
connect detector between grid (termi-
nal 5) and cathode terminals of socket.

h. Align T-5.

s e
il
LA

FIG. 9. Socket connections used between Field
Camera Control Kinescope (7CP4) and ““CRO".

The response from pin #4 of V-1 to pin #5
of V-30 should be flat to 5.5 mc. and then fall
off gradually.

¢. Varying the CONTRAST from min-
imum to maximum should increase the
amplitude approximately 50% without
affecting frequency response.

d. Square wave response shall be same
as outlined in part 1-b.

3. CRO Amplifier

This is best observed directly on the cam-

cra control CRO as a video envelope.

a. Align T-6 with V-11 removed and T-7
with V-10 removed. The response with
V-10 and V-11 in place should be es-
sentially flat to 5.5 mc.

b, Square wave response should he saine
as that outlined in part 1-b.

c. Retwrn it to normal operating con-
ditions.

D. Field and Studio View Finders
M1-26005

1. Remove kinescope socket. Using an iso-

lating capacitor in series with cathode

side (terminal 7) connect dctector be-

tween grid (terminal 5) and cathode.

M1-26015,

(See Fig. 10.)

Toc.no

FIG. 10. Socket connections used between
View Finder Kinescope (5FP4) and 'CRO".

2. Turn CONTRAST to maximum.
3. Align T-5 and T-4.

Response of amplifier should be essentially
flat to 5.5 mc. Contrast should cover range of
approximately 6 to 1. Overall gain should be
approximately 40.

4. Return unit to normal operating condi-
ton.

IV. RCA Amplifiers and Switchers
A. TA-1A Distribution Amplifier—M1-26155
1. High Frequency Response
a. Set GAIN to approximate mid-posi-
tion.
b. Terminate output in 75 ohms.
c. Apply a 2.0 volt peak-to-peak video
sweep to the input jack.
d. Align T-1.

Response should be essentially flat to 8.5 mc.

Repeat the above test for each of the five
sections individually.

Note: Where input and output is greater than
2.0 volts peak-to-peak, but no greater than 4.0
volts peak-to-peak (such as from a synchroniz-
ing gencrator), remove the 5600-ohm  resistor
in the plate circuit of input tube. This change
limits high frequency response. Amplifier is
then used strictly for pulse distribution.



2. Low Frequency Response

a.

b.

. Adjust 1. F.

Terminate output jack with 75 ohms.
Feed 2.0 volts peak-to-peak 60 cycle
square wave to input.

Adjust GAIN for unity gain (2.0 volts
peak-to-peak out).

PHASE for minimum
tilt and best flat topped square wave.

B. TA-5B Stabilizing Amplifier—MI-26160
1. High Frequency Response

a.

b.

=%

d.

40%

FIG. 11.

. Cut off V-5. (Place grid at

Replace diodes V-10, V-14, and V-15
with dummy tubes (filaments open).
Return grids of V-7 and V-9 to ground
through 0.5 megohm resistors.

22 volts
through approximately 470,000 ohms.)
Terminate PICTURE OUTPUT and
MONITOR OUTPUT in 75 ohms.

. Apply video sweep to pin 4 of V-7.

Align T-5 for response as in Fig. 11,

Frequency Response of Stage in-

cluding “T-5 of TA-5B Stabilizing Amplifier.

f.

8.

Align T-4 to compensate for T-§ so
that response is flat to 7.5 mc.

Align T-3, T-2, and T-1.

Response should be essentially flat to 8 mec.

2. Low Frequency Response

a.

b.

C.

Feed 60 cycle square wave to pin 4
of V-7.

Signal at terminated PICTURE OUT-
PUT and MONITOR OUTPUT
should have less than 10% tilt.
Return unit to normal operating con-
dition,

C. TA-5C Stabilizing Amplifier—MI-26160-B
1. High Frequency Response

a.

Terminate PICTURE OUTPUT and
MONITOR OUTPUT in 75 ohms,
(Do not terminate Sync Output.)

b. Place S-1, LOW-HIGH switch, in
LLOW position.
c. Set R-93, MONITOR GAIN, and

. Connect a 470,000 ohm

R-49, SYNC LEVEL, at mid-position.
resistor he-
tween pin 4 of V-4 and ground. It may
be necessary to return the resistor to
a negative bias voltage.

. Insert a dummy 6AC7 and 6H6 (fila-

ments open) for V-9 and V-14 respec-
tively.

Connect sweep detector to PICTURE
OUTPUT.

. Apply video sweep to V6-4. Align

[.-4A and 4B for response as in Fig. 12.

. Align 1.-3A and 3B for response as

in Fig. 13.

Adjust input signal to 0.25 volt peak-
to-peak. Align 1.-2A and 2B to obtain
response as in Fig. 14.

FIGS. 12, 13, 14 and 15 (above).
mediate and overall Frequency Response
Curves of TA-5C Stabilizing Amplifier.

ALIGNMENT PROCEDURES

k. Inject signal at PICTURE INDPUT
jack and adjust PICTURE GAIN for
0.1 volt peak-to-peak at VI1-4 (f it
is necessary to use last 25% of max-
imum counter-clockwise rotation on
PICTURE GAIN, switch S-1, LOW-
HIGH switch, to HIGI and readjust
signal to 0.1 volt peak-to-peak at pin 4
of V-1. Align L.-1 to give Fig. 15.

The overall frequency response should be

essentially flat to 7 mc.

2. Low Frequency Response

a. Apply a 60 cycle square wave pin 4
of V-5 to obtain 1.5 volts at PIC-
TURE OUTPUT.

The tilt should be less than 10%.

h. Return unit to normal operating con-
dition.

8 mc.
m
' & mc.
I\/‘\
\/\BR
swmc.
N

Ve

Inter-

D. TM-1A Program Monitor—MI1-20140

1. High Frequeney Response
a. Remove V-17 kinescope socket.

b. Connect detector hetween terminal 7

of socket and terminal 6, inserting a
05 mfd. blocking capacitor hetween
the latter.

»

c¢. Turn CONTRAST maximum clock-
wisc.
d. Align Z-2 and Z-1.
Response should be essentially flat to 7 Mc.
2. Low IFrequency Response

Inject 00 cycle square wave, 1.0 volt peak-
to-peak, to PICTURE INPUT, J-1.
Tilt at kinescope socket should be 10%
or less.

Return unit to normal operating condition.

E. TS-10A Studio Switching System—MI-26235
1. Monitor Amplifier

a. Apply video sweep of 1.0 volt peak-

to-peak to J-7, MONITOR PICTURE

INPUT. Set MONITOR SWITCH

in st position.

h. Connect detector to MONITOR jack,
J-9, terminated in 75 ohms.

c. Adjust MONITOR GAIN for 1.0
volt peak-to-peak-sweep out at MON-
ITOR jack.

d. Align T-1.

Response should be essentially flat to 8 mc.
e. Connecting sweep to Aux. #5 or Aux.
#6 with AUX. GAIN controls at
maximum should give same response
as abhove. (Change monitor switch to
positions #2 and #3 respectively.)
2. Channel “A” and “R”
a. High Frequency Response.
(1) Terminate PICTURE OUTPUT
in 75 ohms.
(2) Apply video sweep to CAMERA
CONTROL #1 jack, J-1.
(3) Push up A and B selector but-
tons for this input.

(4) Connect detector to PICTURE

OUTPUT.
(5) Operate PICTURE FADING
controls together from “A” to

“B” channel maximum gain posi-
tion.

The response at either maximum gain posi-
tion shall be essentially flat to 10 mc. At mid-
gain position the response should be down ap-
proximately 10% of mid-band response.

(6) Repeat above for J-2 to J-6 inputs.
Note: \When testing at jacks J-§5 and J-6,
switching MONITOR SELECTOR switch to
positions #2 and #3 respectively will tend
to decrease frequency response, hut only very
slightly.
IF. TS-30A TField Switching System
1. Picture Amplifier

MI-26215

FIG. 15. Square Wave
Response of TA.5C
Stabilizing Amplifier.

%TILT = § X 100
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ALIGNMENT PROCEDURES

a. Connect 470,000 ohm resistor from
pin #4 of V-8 to ground.

b. Replace V-6 with G6HG6 with filament
pins clipped.

c. Remove sync input, and switch SYNC
to IEXT.

d. Set PICTURE GAIN at mid-position.

e. Attach detector at PICTURE OUT-
PUT.

f. Align T-26 and T-25 respectively, main-
taining 1.5 volts peak-to-peak output.

Response should be essentially flat to 8 mc.
Gain should be unity.

2.
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g. Check 6 input positions.
Monitor Amplifier

a. Terminate MASTER MONITOR,
J-30, (output jack) with 75 ehms.

b. Switch monitor switch to SPARE
INPUT TO MONITOR and insert
sweep signal, 1.5 volts peak-to-peak.

c. Set MASTER MONITOR GAIN to
mid-position.

d. Atign T-28.

Response should be essentially flat to 8 mec.
3. Sync Amplifier

a.

b.
c.

d.

Insert video sweep at SYNC INPUT,
J-32, and turn SYNC GAIN, R-7l,
to maximum position. The gain shall
be at least 0.35.

Turn SYNC switch, S-26, to EXT.

Attach detector to PICTURE OUT-
PUT, J-31.

Align T-29.

Response should be essentially flat to 3 mec.

e.

Return wunit to normal operating con-
dition.

G. TA-10A Mixing Amplifier—MI-26281

1. High Frequency Response

a.

b.

(&

Attach detector to output, J-9, termi-
nated in 75 ohms.

Insert 2.0 volts peak-to-peak sweep to
CHANNEL #1.

With FADER CONTROL to maxi-
mum for CHANNEL #1 and mini-
mum for CHANNEL #2, align Z-1.

Response should be essentially flat to 7 mec.
d. Fade to CHANNEL #2, inserting

sweep at CHANNEL #2 input.

e. Readjust Z-1 if necessary to com-

promise response for both channels.

2. Low Frequency Response

a. Adjust fader to maximum position for

CHANNEL #1, minimum for CHAN-
NEL #2.

. Set bias at maximum clockwise posi-

tion,

. Insert 60 cycle square wave, 2 volts

peak-to-peak, at input, J-1.

. Adjust L.F. PHASE, R-10, for square

wave response.

Tilt should be less than 10%.
e. Insert signal at INPUT #2 and fade

from CHANNEL #1 to CHANNEL
#2.

Without adjustment, tilt should be same as
for CHANNEL #1.



How to Get the Best Picture Out of Your Image

Since the image orthicon camera was in-
troduced commercially in 1945 it has de-
veloped from an interesting possibility for
outdoor television pickup into a work-
horse which can handle adequately any
field or studio television pickup assign-
ment. During the early period of field
tests it was regarded as a mysterious and
almost mystical device whose performance
required the full-time attendance of an
engineer. Now the image orthicon camera
is almost universally used, and its adjust-
ment and operation are so well understood
that almost anyone with a little training
and experience can produce a reasonably
good picture with the equipment. How-
ever, television stations are no longer satis-
fied with reasonably good pictures, but
insist on the best possible pictures that
can be obtained from their cameras.

For this reason it is vital to review
critically the many factors that go into
making the best image orthicon picture
and from this to present a guide to be
followed in setup and operation of image
orthicon field and studio equipment. One
of the most disturbing feelings which op-
erators have experienced is that of obtain-
ing an excellent picture at one time with
a given setup and only a passable or
mediocre picture at another time under
apparently the same conditions and with
the same equipment. It is hoped that the
following discussion will bring out the rea-
sons for paying attention to those operat-
ing conditions which will insure the best
possible and the most uniform picture pro-
duction from day to day and from camera
to camera.

The analysis which follows is based
directly on the premise that the operator
is familiar with the material covered in
the instruction manual for field and studio
camera equipment and has, therefore, a
working knowledge of the location of con-
trols and the procedures recommended for
set-up and adjustment. The approach to
the problem is that of clarifying and em-
phasizing the information in the instruc-
tion manual and pointing out as concretely
as possible the effect on picture quality of
the various factors under control of the
operator. It is not intended for use in in-

Orthicon Camera

structing an operator on procedures for
producing an image orthicon picture, but
rather as an organized set of procedures
for making an image orthicon picture
better.

Alignment

A logical starting point in producing the
best picture is the matter of scanning beam
alignment. This alignment is accomplished
by the use of a rotatable voke over the
electron gun of the image orthicon tube.
Current from the focus field regulated sup-
ply is passed through the windings of this
yoke to establish a crossfield in the gun
region. The magnitude of the field is con-
trolled by the setting of the alignment
potentiometer and its direction is controlled
by mechanical rotation of the yoke assem-
bly with respect to the tube. In this way
it is possible to correct electrically any
small mechanical misalignment of the elec-
tron gun which may be present with respect
to the longitudinal axis of the tube. Align-
ment removes the radial component of the
scanning beam, and causes it to coincide
with the scanning axis of the tube. I’roper
alignment conditions can be recognized hy
the following easy test:

When alignment is correct the picture
as seen on the kinescope will not rotate
or swirl as the orthicon focus voltage is
varied about its best-focus position; it
will merely go in and out of focus. An
even more critical test is that of observing
dvnode or multiplier spots which are most
prominent with no illumination on the
photocathode when the amplitude and di-
rection of alignment are varied. When
alignment is correct such spots will not ro-
tate, but will simply go in and out of focus
as the orthicon focus control is varied. The
importance of best alignment on resolu-
tion, signal-to-noise ratio and overall pic-
ture quality cannot be overemphasized.

With present tubes which are very care-
fully assembled the alignment current re-
quired is very small. Therefore, it is rea-
sonable to start with the alignment poten-
tiometer very close to its zero position and
to rotate the coil with small changes in this
current to determine conditions for correct
alignment as previously discussed.

It should be pointed out that if the
focus ftield current is changed the align-
ment may no longer be correct for the
new operating condition. A fixed value of
75 ma. in the focus field current, which
corresponds to a magnetic field of 75 gauss
in the center of the focus coil is recom-
mended for optimum performance in both
field and studio cameras and should be
used for aligning the scanning beam.

Do not attempt to adjust performance
by varving the focus field current as it
leads to misalignment of beam, change in
orthicon focus voltage, and change in image
focus wvoltage. This unduly complicates
adjustment procedures, offers no advan-
tages over the standard methods which
have been recommended and should, there-
fore, be avoided. One should keep in mind
that a given focus field automatically de-
termines both the orthicon focus voltage
and the image focus voltage for an image
crthicon tube. Manufacturing tolerances
are now held to such narrow limits that
tubes can be switched in a camera and
after alignment of the scanning beam, only
vernier adjustments of orthicon and image
focus voltages are necessary to get optimum
focus conditions.

To summarize:

1. Adjust scanning beam alignment cur-
rent and direction until the viewed pic-
ture does not rotate or swirl as the
orthicon focus voltage is varied about
its “‘optimum focus” value, but merely
goes in and out of focus.

2. “Multiplier spots,” visible with no light
on photocathode (or lens capped) can
be used very effectively in making
alignment adjustments. They should not
rotate or swirl, but should merely go
in and out of focus on adjusting the
orthicon focus control.

3. Operate at a fixed focus field curren:
of 75 ma. for field and studio cameras.
and make alignment adjustments under
these conditions. This will give orthicon
focus in the neighborhood of 180 volts
and image focus in the neighborhood of
450 volts.
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4. Do not attempt to adjust for best oper-
ation by varying the focus field current.
This introduces complications which are
very difficult to handle in practice.

5. Practice the technique of alignment
until it becomes intuitive. Once this
procedure has been acquired it becomes
precise and can be carried out in as
little as two to three minutes with
assurance of uniform performance. Re-
member that a poorly-aligned camera
will never give a good picture no matter
how carefully we carry out the other
essential conditions which are still to
be discussed.

Scene Reproduction and Picture Quality

In order to restrict the scope of this
discussion we shall assume that the orthi-
con decelerator grid voltage G; has been
set to get best corner focus or flattest field,
that the multiplier focus voltage is set to
obtain maximum signal output consistent
with a ilat field, and that the image accel-
erator, G, is set to get minimum “S” dis-
tortion (about 80% of image focus volt-
age). The camera should then be in such
adjustment that we can discuss the prob-
lem of scene reproduction and picture qual-
ity effectively.

Television scenes can be divided into
two main types as far as the camera is
concerned. The first occurs in televising
outdoor events in which the lighting is not
under the operator’s control, and the sec-
ond, of which studio pickup is an example,

is such that the lighting is, or can be, under

almost complete control. Let us examine
the conditions required for best pictures in
these two categories.

In an outdoor pickup, using an {:2.8 lens
and an RCA 5820 image orthicon tube, the
minimum incident scene illumination for
satisfactory signal-to-noise ratio is 5 to
10 foot candles. For the RCA 5826 the
minimum is 10 to 20 foot candles. On those
infrequent occasions when the light level
falls below these values the picture will
suffer some deterioration, principally by
an increase in noise content, but will still
be quite usable if the camera is given a
chance to work to best advantage.

It is perhaps most instructive to start
from a “normal” outdoor lighting level of
300 to 500 foot candles on the scene and
to trace the importance of factors which
can be under an operator’s control and to
show that these factors play a very impor-
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tant part in determining picture quality at
any light level. The 300 to 500 foot candle
level chosen for discussion is rather arbi-
trary since much higher levels can be en-
countered on bright sunny days.

An operator has the following factors
to consider in the pickup of a scene:

. Focal length of camera lens.

. Lens opening or f: number setting.

1

2

3. Target potential of image orthicon.

4, Beam current setting of image orthicon.
5

. Scene composition.

How does he make a proper and practically
automatic choice of these factors to obtain
the best possible picture the equipment
can produce?

With the lens turret on the image orthi-
con camera there are four possible choices
of lens focal length. The lenses may vary
from a wide-angle to a 25 inch telephoto
and the one selected will depend entirely
on the distance of a camera from the scene
and the field of interest required at any
given moment. So far, these observations
fall into the “irrelevance of the obvious”
category. In brief, the operator chooses the
lens he needs.

From this point on, things get more in-
teresting. The amount of light falling on
the image orthicon can be varied by 130
to 1 for the 50mm Ektar lens, or 30 to 1
for the 135mm Ektar by variation of the
iris settings in these lenses. The image
orthicon is a remarkable tube in its lati-
tude to light, but gets much more coopera-
tive when treated with consideration. How
much light shall we give it?

The best way to answer this question is
to observe the scene we have chosen for
discussion with a camera, starting with the
iris at {:22 and gradually opening the iris
until it is wide open. The picture will start
out by being noisy and will improve as
the lens is opened, the highlight signal
output growing with the increase in the
amount of light. However, a well-defined
iris setting is soon reached where the high-
light signal no longer rises as rapidly as
before. The transition point is called the
knee of the image orthicon operating curve.
The recommended operating conditions are
those with the highlights slightly above the
knee of the curve. These will give the most
natural scene reproduction with “black”
blacks and best gray scale possible. Opera-
tion with highlights farther above the knee

will result in poor grays and compressed
highlights and give a picture which is
“artificial” and not too pleasing to the
viewer. This matter of light-level adjust-
ment is so important that it is worthwhile
restating the argument in the following
form:

“For the most natural appearance of
television subject or scene, an image orthi-
con should be operated so that the high-
lights on the photocathode bring the signal
output slightly above the knee of the sig-
nal-output curve for the type of illumina-
tion utilized. The knee is that point where
the signal from the highlights begins to
drop appreciably as the lens opening is
decreased in size. Operation at this point
is especially important for studio pickup
in order to obtain the best gray-scale in
the picture and to reduce the possibility of
image retention.”

“For outdoor scenes where a wide range
of illumination may be encountered, and
the best lens opening cannot be set for
each scene, the optimum setting is that at
which the highlights of the least illumi-
nated part of the scene bring the signal
output just above the knee. The camera
will then be able to handle, without serious
deterioration of picture quality, all other
degrees of illumination in the scene with-
out any changes in the lens stop. In other
words, the camera should be set for the
darkest area of the scene, and then panned
into lighter areas, as opposed to being set
on a bright area and panned into a dark
area.”

These paragraphs have been quoted di-
rectly from general suggestions on image
orthicon operation prepared by the Tube
Department of the RCA Victor Division.

Beam Current and Target Potential

This discussion of light-level control by
adjusting the lens opening or iris setting
has been based on the best operating con-
ditions for the image orthicon tube. At this
point it is essential to define these condi-
tions more precisely. The two adjustments
which have direct bearing on picture qual-
ity are image orthicon beam current and
target voltage. How do we choose the cor-
rect settings?

The beam current starting at the elec-
tron gun is strictly d-c or constant in time.
In the process of scanning, electrons are
attracted to the target to neutralize the



target charge image created by light falling
on the photo-cathode. These are subtracted
from the original beam current to modulate
the returning beam, thus forming the video
signal. The return beam going through the
five-stage paddle-wheel electron multiplier
undergoes current multiplication to pro-
duce video signals which are 500 or more
items greater than those available in the
return scanning beam. These currents tlow
in an output resistor, giving a high-level
video signal voltage which is amplified and
compensated in the usual manner.

It is immediately evident that in a black
portion of a scene a/l of the scanning elec-
trons come back to the multiplier. In the
highlights, however, only a fraction of the
electrons return, as the others are removed
from the original beam to neutralize the
charge on the target.

Let us assume that for a given picture
the beam current is deliberately increased.
In the black portions of the picture all
scanning electrons return to the multiplier.
In the highlights, only a small fraction of
the beam electrons are required for dis-
charge, the remainder returning to the mul-
tiplier. The percentage modulation is poor
and since the beam noise is proportional
to the square root of beam current, the
signal-to-noise ratio of the picture deterio-
rates. The technique of obtaining highest
signal-to-noise ratio is that of operating
with just enough beam current to ‘‘hold
down” or discharge the highest highlight in
a scene. In practice some allowance or re-
serve must be provided for the possibility
of a still higher highlight being introduced
during the action. However, there is noth-
ing to be gained by the use of “excess”
beam current and very much to be gained
by the careful adjustment previously dis-
cussed. This brings up the observation that
isolated highlights which have nothing to
do with scene continuity or dramatic im-
portance should be religiously avoided.
Holding down such highlights may require
such an increase in beam current that the
“normal” portions of the picture will suf-
fer in signal-to-noise ratio. Scenes which
have a controlled contrast range are much
more readily and smoothly handled than
those in which highlights “run away.” In
general, studio pickups will permit careful
control of scene composition. In the case
of outdoor pickups such as baseball, box-
ing and similar events the best solution to
the difficulty is to avoid extreme highlights
wherever possible. Pointing at the ceiling

to show that the lights are turned on is
certainly not a vital part of a boxing match.

We are now in a position to discuss tar-
get voltage and its effect on picture qual-
ity. The range of target voltage control is
approximately —3 to +3 volts d-c. If this
setting is made more negative while view-
ing a picture, a point will be reached where
no picture will be seen. This is the cut-off
voltage of the target. Careful study has
shown that the best operating voltage for
the target is 2 to 2.5 volts more positive
than the cut-off voltage, with the beam
current adjusted to discharge the highest
highlights under these conditions. The cut-
off point and correct operating voltage can
be determined and set using a high resist-
ance voltmeter from the center arm of the
target potentiometer to ground. In the be-
ginning, it is advisable to check this set-
ting on a camera rather than to rely on the
intuition which comes only with continued
practice in setup and operation.

If the target is operated closer to cut-off
than has been recommended, the gray scale
rendition will deteriorate, with compres-
sion of the blacks, and the signal-to-noise
ratio will suffer. To prove the importance
of target voltage on transfer characteristic
or gray-scale rendition, one can try to ob-
tain a picture with the target operated at
a fraction of a volt above cut-off. The
results can be summarized in one word:
horrible. The blacks and grays will be
compressed to the point where there is
practically no discernible detail in the low-
lights, the picture is muddy and the signal-
to-noise ratio is very poor. The transition
from correct operating voltage to the ab-
surd case which was used as an object
lesson is smooth, and the choice of *‘best”
target voltage is therefore one of the more
subtle variables in operating techniques.

The more positive the target, the more
beam current is required for discharge of
highlights. The upper limit is therefore set
by the ability of maintaining a well-focused
beam to obtain resolution in the highlight
details. Therefore the target setting can be
made slightly less positive than this upper
limit to provide some latitude in scene
illumination range, with practically no sac-
rifice in gray-scale rendition. At times there
is a temptation to “hold down” highlights
by operating with a more negative target
potential when the correct procedure is to
stop down the lens iris to the appropriate
setting as previously discussed. The target-
biasing procedure leads to gray-scale com-
pression and should be avoided.

Scene lllumination

A guide to scene illuminations required
for satisfactory pickup is very useful. The
following section is directly quoted from
recommendations made by the Tube De-
partment of the RCA Victor Division on
image orthicon operation.

“Before attempting to televise a particu-
lar scene, it is good practice to check its
illumination with a light meter to deter-
mine whether the light level is adequate for
a picture of good quality. In general, the
illumination should be measured in a ver-
tical plane with the light meter at the
scene pointing toward the camera.”

With an :2.8 lens, the minimum inci-
dent illumination on the scene is given in
the following table for the different types
of image orthicons. The values are con-
servative and will vary somewhat for in-
dividual tubes.

MINIMUM SCENE ILLUMINATION (Foot-Candles)
WITH $:2.8 LENS

Tube Tungsten Light

Type Daylight (incandescent) Fluorescent
RCA 5820 5-10 5-10 5-10
RCA 5826 1020 10-20 10-20

When lens openings smaller than {:2.8
are used to obtain greater depth of focus,
the illumination required will increase with
the square of the ratios of the f: numbers.

For daylight scenes using the RCA 5820
set the lens opening in accordance with the
following table:

INCIDENT ILLUMINATION ON SCENE Lens Stop
Clear Sun—10,000 foot candes.............. £:22*
Bright Daylight ... £:22
Hazy Sun—1,000 foot candles............... £:16
Cloudy Bright ...........cooiiiiiiiine. £:11
Open Shade—140 foot candles.............. £:8
Cloudy Dull £:5.6
Deep Shade—30 foot candles................ £:3.5

* Used with neutral density filter of

25% transmission.

The use of a lens shade is beneficial
under almost all conditions. A lens shade
effectively prevents stray light (from points
outside the picture field) from reaching the
photocathode. Since the image orthicon
tube is very susceptible to stray light as
far as gray scale rendition is concerned,
remarkable improvements in tone-reproduc-
tion have been observed under stray-light
conditions when a sunshade is used.

The various factors which go to make up
picture quality have now been discussed
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sufficiently to provide a logical background
for setup and operation of cameras. If the
recommendations in this discussion are fol-
lowed in practice, uniformly excellent pic-
tures are the reward.

From the viewpoint of producing the
best possible television picture the discus-
sion so far has touched on “normal’” oper-
ating factors and has assumed that these
exist in practice. It is therefore necessary
to list departures from normal and point
out their effects. These have been summar-
ized in a publication by the Tube De-
partment of the RCA Victor Division as
“Dont’s.” Because of their importance and
for the sake of completeness, they are in-
cluded in somewhat revised form. They
are:

1. Don’t operate an image orthicon with-
out scanning.

2. Don’t underscan target.

3. Don’t use an image orthicon for pickup
until it has come up to normal operat-
ing temperature.

4. Don’t focus an image orthicon on a
stationary bright scene for more than
a few minutes.

5. Don’t operate an image orthicon having
an ion spot.

A brief discussion of each of these points
will give the reason for observing the rec-
ommendations which have been made.

1. Failure of scanning for even a few
minutes when light is incident on the photo-
cathode may permanently damage the sur-
face of the target. The damaged area will
show up as a spot or a line in the picture
during subsequently normal operation.

If scanning should fail, cut off the beam
current at once by increasing the image
orthicon beam bias to its most negative
value. When the camera is left unattended,
precautions against possible damage due to
scanning failure should be taken either by
cutting off the beam current or capping
the lens.

2. The target should always be scanned
to full size. Full-size scanning can be as-
sured by first adjusting the horizontal and
vertical deflection controls to make the
corners of the target visible in the picture,
and then reducing the scanning until the
corners just disappear. In this way, since
the maximum scanning area is used, maxi-
mum  signal-to-noise ratio and maximum
resolution capabilities of the tube can be
realized.

Tt must be noted that overscanning the
target produces smaller than normal-sized
objects in a picture, as viewed on a moni-
tor kinescope.
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Underscanning of the target should never
be permitted. If the target is underscanned
for any appreciable length of time, a per-
manent change of target cut-off voltage of
the underscanned area takes place with the
result that the underscanned area thence-
forth will be visible in the picture when
full-size scanning is restored.

3. When a camera is turned on, the
image orthicon tube will warm up irom
the ambient room temperature to its rec-
ommended operating temperature in one-
half to one hour. The element which is
most sensitive to operating temperature
is the glass target, the electrical resistivity
of which decreases rapidly with increase in
temperature.

The operating temperature of the target
in the RCA 5820 tube should be at least
35° C., and that of the target in the RCA
5826, at least 45° C. Operation at lower
than the above temperatures will be char-
acterized by the appearance of a rapidly
disappearing “sticking” picture of opposite
polarity from the original when the picture
is moved.

The operating temperature of the target
should never exceed 65° C. Operation at
too high a temperature will cause loss of
resolution and possibly permanent damage
to the tube. Resolution is regained only by
waiting for the temperature to drop below
65° C.

IFor outdoor pickups in cold weather, it
may be necessary to use the target heater
to shorten warmup time and to maintain
correct operating temperature. Ordinarily,
with the blower operating, the tempera-
ture will not exceed 65° C. unless the
target heater is on for a long period. In
very hot weather, the direct rays of the
sun should be kept from reaching the
camera.

4. 1f a camera is focused on a stationary
bright picture for more than a few min-
utes, retention of scene, sometimes called a
“sticking picture” may result. Often this
picture will disappear in a few seconds, but
sometimes may persist for long periods be-
fore it completely disappears.

To avoid retention of a scene, always
allow the tube to warm up properly before
pickup of a scene, and never allow the tube
to be focused on a stationary bright scene
for more than a few minutes. Never use
greater lens iris opening than necessary.

A retained image can generally be re-
moved by focusing the image orthicon on
a matte white surface and operating with
a fairly high illumination level. Another

possibility is that of switching the lens tur-
ret to an open position and using general
room illumination directly on the photo-
cathode to carry out the “wipe-off” process.

5. An ion spot may occasionally be ob-
served in an image orthicon. It can be iden-
tified as such if it occurs in the center of
the raster and does not change in size
when the orthicon focus is varied, under
conditions of no light on the photocathode.
If the spot begins to grow in size with
continued operation, the tube should be
removed and returned for reprocessing.
(ontinued operation, with ion spot, will
eventually damage the target permanently.

After an image orthicon tube has been
operated for 200 to 300 hours, it should be
given an idle period of three to four weeks
during which time it will regain much of
its original resolution and sensitivity.

Spare image orthicons should be placed
in service for several hours at least once a
month in order to keep them free from any
traces of gas which may be liberated dur-
ing prolonged storage. New image orthicons
should be tested immediately on receipt.
They should be operated for several hours
before being set aside as spares.

This discussion has presented recom-
mendations on image orthicon operation
and pointed out pitfalls which may be en-
countered both in setup and in operation.
It is in a sense a digest of the available
research, development and field experience.
Those who are interested in a detailed crit-
ical analysis of the effects which have been
discussed will find the paper of Janes,
Johnson and Moore, published in RCA
REVIEW in 1949, of great value. The
series of papers by Otto Schade in the RCA
REVIEW on electro-optical characteristics
of television systems contains undoubtedly
the most thorough analysis of the television
pickup and reproduction process and in-
cludes an excellent discussion of the trans-
fer characteristics of the image orthicon.

The Television Terminal Equipment
Group is indebted to Dr. Janes and Mr.
Schade for many discussions on the prob-
lems of image orthicon operation and for
access to much of the material presented
in this discussion.
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FOUR VERSATILE TV STATION
EQUIPMENT PLANS FOR VHF and UHF

Plans Completely Cover Four Station Categories

for

(NOTE: . fear of the equipments mentioned in
this article have been superceded by newer
models.)

Introduction to Plans

The careful and considered planning of
the technical equipment for a Television
station is the logical step after early plan-
ning has been completed. Early plans usu-
ally involve such considerations as the
market to be served, site selection, effec-
tive radiated power, antenna height and
gain, sources of program material, station
policies, personnel and extent of program-
ming, capital investments, future expan-
sion, and the planning of the building.

These plans covered do not necessarily
represent any existing station but they do
illustrate several ways in which the very
latest equipment may be aranged to per-
for mefficiently with a minimum of equip-
ment and personnel.

Equipment Plans Are Divided into

Four Classes of Operation
“Hand-in-hand” with the building de-

sign and construction goes the proper

selection and layout of technical equip-

ment to satisfy contemplated programming

requirements.

Since programming requirements will
vary widely and range from simple to
complex, four general equipment plans
were selected to represent well-equipped
TV stations for four specific categories of
operation. The need for building and com-
panion equipment plans that may grow
logically at minimum cost was considered
essential in selecting the following equip-
ment groupings. Plan “A”, “A-Prime” and
“B” are versatile and permit expansion of
both the building and equipment at min-
imum cost. Plan “C” represents a larger

‘**Combined”’

tvpe of operation and is not a direct out-
growth of any of the other plans. Although
individual station requirements, budget ap-
propriations, and scope of operations are
seldom alike—the four plans are consid-
ered adequate to satisfy a majority of
cases. The four distinct groupings of equip-
ment or classes of operation rang