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Preface

THIS BOOK HAS BEEN PREPARED for those who are interested in the technical
aspects of television broadcasting. It covers in detail the equipment, the
facilities, and the techniques that are the immediate concern of personnel
who are responsible for the operations of television broadcasting estab-
lishments. In addition, for the designer of television studios and the asso-
ciated equipment and systems, the text provides a valuable insight into
the broadcasting field. As all capable engineers are well aware, regardless
of how perfect the performance of any particular component or system,
its usefulness and acceptability are limited unless it has been designed to
meet the prevailing operating requirements.

A glance at the table of contents will indicate the scope of the subject
matter. In determining the order in which the material is presented sev-
eral alternatives were considered. One arrangement might have been to
start with the staging and lighting techniques in the studio where a tele-
vision program originates, then to proceed in logical order through the
television camera and the remaining facilities of a broadcasting plant, end-
ing up with the transmitting antenna itself, at which point the signal passes
beyond the control of the television broadcasting engineer. Another
approach could have been to consider television broadcasting facilities in
the order in which they are placed into service by the average television
station. This would have called for covering transmitters and their an-
tennas first. The item activated next by almost every station is a film
camera chain and the associated still and motion-picture projectors; next,
field equipment; and last, permanent studio equipment. Neither of these
“logical” approaches was considered the best for various reasons. As a
result, an admixture of both is used, keeping in mind the need for present-
ing the information in an order that permits full comprehension of the
topic under discussion without prior detailed knowledge of some chapter
yet to come. Furthermore, the order of presentation and the scope of each
chapter have been chosen so as to avoid needless repetition. Finally,
every effort has been made to keep the pace through the book interesting
and to place lighter chapters between the more technical ones. In any

vii
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event, every chapter is essentially complete in itself; consequently, in addi-
tion to covering the field as a whole, the book serves as a useful reference
when some particular subject is of immediate interest.

There is sometimes a regrettable tendency to consider the term “televi-
sion” as applying only to the transmission and reproduction of picture
signals. In fact, in keeping with common usage, the term is sometimes so
used in this book. Actually, of course, the accompanying sound transmis-
sion is vitally important. Furthermore, the sound pickup problems in tele-
vision are much more complex than those encountered in aural broadcast-
ing and, consequently, the audio facilities are considerably more extensive
and complex. However, to cover this subject completely it would be
necessary to increase the size of this book materially. Since this was not
considered desirable, the audio transmission system, which is an important
part of a complete television system, is only briefly described herein. Reli-
ance is thus placed largely upon the fund of audio engineering knowledge
and experience gained through several decades of aural broadcasting.

Without the cooperation of the various organizations that made avail-
able photographs, schematic diagrams, and other material, this text would
have been difficult to prepare. This opportunity is taken to acknowledge
this assistance and again to thank the individuals and the organizations
who were so helpful. These included the Bell Telephone Laboratories,
the Allen B. Du Mont Laboratories, Inc., the Eastman Kodak Company,
the General Electric Company, the General Precision Laboratories, the
Gray Research and Development Company, the Radio Corporation of
America, the various television stations and companies that are individu-
ally named, and my colleagues in the Columbia Broadcasting System.

HOWARD A. CHINN
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CHAPTER |

Television-system Fundamentals

A COMPLETE TELEVISION BROADCASTING SYSTEM consists of (@) a suitable
environment for the production of the program material, (b) a picture-
and a sound-transmitting system, (c¢) the medium through which the
transmissions take place, and (d) a number of receiving installations.
The television broadcasting engineer is concerned, to a greater or a lesser
degree, with all these elements. His prime interest, however, is usually in
the picture- and sound-transmitting system. Partially, this stems from the
fact that government regulation determines channel assignments in the
radio spectrum, transmitter power, antenna gain, and antenna height, and
the laws of nature govern radio-wave propagation. Furthermore, there is
relatively little the practicing broadcaster can do, after the signals leave the
transmitting antenna, to ensure their proper reception.

The picture-transmitting portion of a television broadcasting system
consists, essentially, of a television camera for converting optical images
into electrical waves, amplifiers for increasing the amplitude of this elec-
trical energy, synchronizing generators for producing the control pulses
necessary to lock the receivers in step with the transmitter, control equip-
ment for the monitoring and adjustment of the television signal, means for
carrying the electrical replica of the optical image (together with the syn-
chronizing pulses) from the point of origination to the transmitter, a radio
transmitter for converting this electrical energy into radio-frequency
energy, and, finally, an antenna system for radiating this radio-frequency
energy into space.

The sound-broadcasting system requires a corresponding series of ele-
ments to convert the original sound energy into radio-frequency energy
which is also broadcast into space. The usual practice is to employ coordi-
nated, but entirely separate, systems up to and including the transmitters
for the sound and the picture channels. A common antenna is generally
used for both the sound and the picture transmitters although separate
antennas have been employed for each transmitter. Figure 1-1 shows in

1
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Fi1c. I-1. The basic elements of a television transmitting system include means for
generating, amplifying, monitoring, and radiating both picture and sound signals.

simplified block schematic form the major elements in a complete televi-
sion transmitting system.

J-1. Television-system Standards. Television broadcasting, just as
most other radio services, requires adherence to specified transmission
standards. This is necessary to ensure that any standard television re-
ceiver within the service area of a television transmitter may satisfactorily
reproduce its transmissions. The number and the complexity of transmis-
sion standards required for a practical television system are probably
greater than those necessary for any other present-day public service radio
application. A thorough knowledge of these standards is therefore a
necessity for anyone responsible for or interested in the operation of tele-
vision broadcasting equipment.

Some radio transmission systems require only a few standards to ensure
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efficient use of available channels and to prevent interference between
stations. Somewhat more complicated systems may, in addition, require
standards to ensure a desired minimum fidelity of transmission. A televi-
sion system, however, requires all these standards and many more since a
television receiver designed for operation with a particular system is not
likely to respond properly to transmissions adhering to other standards.

In addition to those factors which are the concern of all branches of the
television industry and which have therefore been standardized by gov-
ernment regulation, there are others which have been adopted by the
industry itself. These latter standards are of the type that concerns only
the branch of the industry by which they were formulated. For example,
many standards having to do with details of television broadcasting facili-
ties need not concern the television-receiver engineer, and vice versa. The
factors that are the mutual concern of all have been standardized by gov-
ernment regulation ! and are summarized in the first part of Table 1-1.
The principal industry-promulgated standards 2 pertaining to television
broadcasting equipment are tabulated in the second part. In the follow-
ing sections, the standards are described in detail and their significance
discussed.?

1-2. Scanning. The standard method of scanning a television picture
is from left to right and progressively from top to bottom in lines that are
essentially horizontal. The scanning spot moves with a constant velocity
both horizontally and vertically (although the velocities are not alike)
during the picture-transmission portions of the scanning process. This
method of scanning is known as unidirectional linear scanning and has a
number of advantages over other possible methods, e.g., bidirectional,
sinusoidal, velocity, or spiral. These advantages include an even distribu-
tion of detail, full use of the video bandwidth, and reasonable tolerances
in the performance of the synchronizing system.

At the end of each line, the scanning beam is blanked out and is moved
back, relatively rapidly, to the starting point of the next line. The time
occupied in doing this is known as the flyback or retrace period. Sim-
ilarly, at the end of each field, the beam moves rapidly from the bottom
back to the top of the picture. The linear velocity of the spot during hori-
zontal and during vertical retrace is not necessarily uniform. Although

! Federal Communications Commission, “Standards of Good Engineering Practice
concerning Television Broadcasting Stations,” effective Dec. 19, 1945, as amended
Oct. 10, 1950, U.S. Government Printing Office, Washington, D.C.

? RTMA Standards Proposal No. 378, “Electrical Performance Standards for Tele-
vision Studio Facilities,” Radio-Television Manufacturers Association, New York.

3 Roe, John H., The Philosophy of Our TV System, Broadcast News, Vols. 53, 54,
and 55, pp. 73, 37, and 63, respectively (February, April, and June, 1949).
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TaBLe 1-1. Princrear U.S. TELEVISION SYSTEM STANDARDS

(Except as noted, the following apply to monochrome and color transmissions)

1. Government (Federal Communications Commission) Standards

a. Scanning lines per frame....... L e n il A B 25 &

b. Scanning lines in picture area................ 483-499 *#

c¢. Scanning directions .................... .+.. Left to right, top to bottom

d- Einelintenlace! g~ M ey 4 %) oot d Ve bas s fritsity 2oto-1

e. Frame frequency ... ........................ 30 per second *

f. Field frequency .....c.cooviiiiiiiiinina... 60 per second *

Z.JRicturenaspeet ration s ai au oisuh= o w8 ha st ... Horizontally: 4 units;
vertically: 8 units

h. Composite waveform ........................ See Fig. I'f

i. Frequency spectrum assignment............... 54-216 Mc and
470-890 Mc

j-  Channel width (picture and sound)............ 6 Mc

k. Picture-to-sound carrier separation............. 4.5 Mc

l.  Picture-carrier modulation ................... Amplitude modulation

m. Maximum picture-modulation frequency.. ... .. Nominally 4 Mc
(see Fig. I 1)

n. Polarity of transmission.......... ... ........ Negative (see text)

0. Polarization of transmission......... ..., ....... Horizontal

p. Sound carrier modulation. . ................... Frequency modulation

g. Carrier swing for 100 per cent modulation. .. ... +25 ke

2. Industry (Radio-Television Manufacturers Association) Standards

a. Video signal polarity (at equipment terminals)... Black-negative

b. Video signal amplitude (at equipment terminals) 1 volt, peak-to-peak

¢. Video amplifier load impedance............... 75 ohms

d. Video circuit balance...................... . One side grounded

e. Synchronizing pulse durations............... . See Table 1-2

“ Monochrome only (for color standards see Table 17-1).

t In Federal Communications Commission, “Standards of Good Engineering Prac-
tice Concerning Television Broadcasting Stations,” effective Dec. 19, 1945, as amended
Oct. 10, 1950, U.S. Government Printing Office, Washington, D.C.

the retrace time between successive lines is not available for picture trans-
mission (as it would be in a bidirectional scanning system), good use is
made of this interval for the transmission of horizontal synchronizing
signals.

There are, of course, a large number of factors that enter into the choice
of the number of scanning lines in a television frame.# The most impor-
tant of these is the necessity of having enough lines to provide the requisite

4Kell, R. D, A. V. Bedford, and G. L. Fredendall, A Determination of Optimum
Number of Lines in a Television System, RCA Rev., Vol. V, No. 1, p. 8 (July, 1940).
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definition. This criterion, however, does not indicate the precise number
of lines but, rather, the general range. Other very important considera-
tions, however, pin-point the exact number within this range that should
be used. For practical considerations, an odd number is desirable for the
reasons mentioned in the next section. In addition, the state of the art at
the time the standards were originally formulated was such that the design
of the synchronizing generators was simplified by the choice of a number

that was made up of small odd integers, e.g., 525 = 7 X 5 X5 X3,

LINE

_—

2 ==

Jrm— — = —— . — — T

y = —

W it — N —— ] EVEN SCANNING LINE
6 = = ———— ODD SCANNING LINE
s s T  EVEN RETRACE LINE
8 e

—= &~ __ 0DD RETRACE LINE

8 g e S e gy o 1

10 i —

|||—:—~——————~ — e e

T it gL

Fic. 1-2. The path followed by the scanning spot in a 2-to-1 line interlaced scanning
system results in the odd and the even lines being scanned in successive fields.

1-3. Interlacing. In order to conserve bandwidth without sacrificing
freedom from flicker, the standard television system employs a system of
interlaced scanning. The sensation ot flicker in any projected image is,
among other things, a function of the frequency of illumination of the
screen. It is not a function of the number of scanning lines nor of the
frequency of recurrence of particular lines themselves. Consequently, a
system that causes the entire area of the screen to be illuminated at a
higher rate, even though the same lines are not scanned during successive
cycles of illumination, results in greater freedom from flicker. Interlacing
does just this by first scanning part of the lines, uniformly distributed over
the entire picture area, and then scanning the remaining lines as a sep-
arate group.

In the standard 2-to-1 interlaced system, alternate lines are scanned
consecutively from top to bottom as a group. The remaining lines, or
those in between the first set, are then scanned consecutively from top to
bottom forming the second group. This principle is illustrated in Fig. 1-2.

The type of interlacing adopted for standard television systems is known
as odd-line interlacing, i.e., the total number of lines is an odd integer.
Under these circumstances the number of lines in each of two equal fields
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is a whole number plus one half line. In a system of this type, the use of
uniform vertical scanning periods and constant vertical scanning ampli-
tude results in consecutive fields which are displaced in space with respect
to each other by one-half a line, as illustrated in Fig. 1-2. In the standard
525-line monochrome television system, each group or field of scanned
lines consists of 26214 lines. Two consecutive fields constitute a frame or
a complete picture of 525 lines.

Even-line interlacing (total number of lines an even integer), although
possible, is not employed for practical reasons. With even-line interlacing
it is necessary that alternate fields be displaced vertically one half line with
respect to each other. This requires the addition of a special component,
having a repetition rate equal to one-half the field frequency, to the verti-
cal scanning saw-tooth waveform. This frame-frequency component re-
requires a degree of accuracy that is impractical either to attain or to
maintain. Consequently even-line interlacing is not used for standard
television transmission systems.

1-4. Frame and Field Frequencies. The bandwidth required to trans-
mit a television picture depends upon a number of factors including the
frame-repetition frequency. The minimum acceptable frame frequency is
that required for the elimination of flicker. In addition, the frame fre-
quency must be sufficiently high to avoid jerkiness or smearing, or both,
when there is rapid motion in the picture subject.

Furthermore, the threshold of flicker increases as the brightness in-
creases. The persistence of vision varies in different people, and those
whose persistence characteristic is very short are the most susceptible to
flicker as the brightness increases.

Still another important factor affecting flicker is the retentivity of the
screen material in the picture tube. By using long-persistence screens,
the flicker effect may be greatly reduced, but the smear becomes objection-
able in moving objects because of the luminescence retained during the
scanning of subsequent frames.

In addition to flicker considerations, the choice of frame and field fre-
quencies is influenced by the frequency of the power systems from which
the equipment is operated. Synchronization with the power-supply fre-
quency minimizes the effects of hum and simplifies the problem of syn-
chronizing the rotating machinery of film projectors and other devices in
the television broadcasting station.

Taking into consideration these and others factors, the monochrome
field frequency was standardized at 60 per second. In a 2-to-1 interlaced
system, this automatically sets the frame rate (or number of complete
pictures) at 80 per second. Since there are 26214 lines in a field, the hori-
zontal scanning frequency is 60 X 26214, or 15,750 cps.
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1-5. Blanking. In order to ensure extinction of the scanning beam of
a picture tube during the retrace intervals, blanking pulses of suitable
shape and duration are used. Two kinds of blanking pulses are required:
one for the horizontal retrace intervals and the other for the vertical re-
trace interval. Basically, the blanking pulses are rectangular in shape
and of sufficient amplitude and proper polarity to completely cut off the
scanning beam of the picture tube. The duration of the blanking pulse is
slightly longer than the time necessary for retrace in order to trim up the
edges of the picture and eliminate any ragged edges.

Blanking pulses are also applied to the scanning beam in the camera
tube. However, these pulses do not appear directly in the final signal
radiated to the receiver. Their purpose is to turn off the camera-tube
scanning beam during retrace time, to eliminate spurious signals, and, in
the image orthicon, to establish a signal that bears a definite relation to
reference black. Camera-tube blanking pulses are somewhat narrower
than the corresponding picture-tube blanking pulses that are integral parts
of the signal radiated to the receiver.

1-6. Basic Picture Signal. The general appearance of the basic camera
signal is shown in Fig. 1-3a; parts of only two horizontal scanning periods
are illustrated. If the signal shown is assumed to be that at the terminals
of a video amplifier, then, in accordance with established standards, black
signals, corresponding to black portions of the picture, are in the negative
direction and white in a positive direction. The waveforms either side of
the center of this illustration represent the picture signal for the end of one
scanning line and the beginning of a second one. In between the wave-
forms corresponding to the picture signal, there is a spurious signal, gen-
erated during the retrace period, which does not contain any valuable
picture information. Horizontal blanking pulses, as described in the pre-
ceding section, are therefore added to the basic picture signal in order to
eliminate the spurious signals during retrace time and to blank out retrace
lines on the picture tube.

The shape of the synthetically generated horizontal blanking pulses is
shown in Fig. 1-3b. These signals are usually produced in the synchro-
nizing generator from the same basic timing circuits that generate the
scanning signals. Under these circumstances, they are accurately synchro-
nized with the retrace periods. Upon combining the horizontal blanking
pulse with the picture signal, the result shown in Fig. 1-3¢ is obtained. The
spurious signal is now riding on top of the blanking pulse and can be
clipped oft, leaving the combined picture plus blanking signal shown in
Fig. 1-3d. The horizontal blanking signal is a small fraction of a line in
duration (approximately 18 per cent) and recurs at the end of each hori-
zontal line, or at the rate of 15,750 cps.
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At the end of each field, a vertical blanking pulse is applied in place of
the horizontal pulses. Basically, the vertical blanking pulse is similar to
the horizontal pulse. It is, however, very much longer in duration (be-
tween 13 and 21 scanning lines long) during which time the vertical
retrace takes place. The vertical blanking pulses recur at the field-fre-
quency rate, or at 60 cps.

WHITE PEAK

REFERENCE WHITE R

ACK PORCH

SYNC. PULSE

Fic. 1-8. The synthesis of a composite video signal starts with the camera signal (a),
to which is added a blanking signal (), which is clipped at the blanking level (¢), to
form a picture plus blanking signal (d), to which is added a horizontal synchronizing
pulse to form a composite video signal (e).

The time required for the vertical retrace results in from 13 to 21 scan-
ning lines being unavailable for the transmission of picture information in
each field (the range being accounted for by the tolerance that is allowed
in vertical blanking-pulse formation) or a total of 26 to 42 lines per frame.
Thus it is evident that the actual television picture contains between 483
and 499 lines, say 490 lines as a round average number.

The next step in forming the complete composite picture signal is the
addition of the synchronizing pulses which are required for triggering the
horizontal and the vertical scanning circuits associated with the picture
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tube. Like the blanking pulses, the synchronizing pulses are essentially
rectangular in shape. They are, however, of shorter duration (8 per cent
of a horizontal line) and are located on the “back” or top of the blanking
pulses. The addition of a horizontal synchronizing pulse to the blanking
signal is shown in Fig. 1-3e. Were this illustration inverted, i.e., if it had
been drawn to show negative-going signals in an upward direction, the
concept of the synchronizing pulse riding on the back of the blanking
pulse would, perhaps, be more obvious.

Since the direction and amplitude of the blanking pulses are such as to
cut off the scanning beam, it is evident that the synchronizing pulse, which
is of the same polarity but even greater relative amplitude, will also main-
tain cutoff of the scanning beam. The repetition rate of the horizontal
synchronizing pulses is the same as that of the horizontal blanking pulses
or the scanning-line rate of 15,750 cps.

The vertical synchronizing pulse which must be added to the basic pic-
ture signal is fundamentally similar in nature to the horizontal synchroniz-
ing pulse except as to time of duration (three horizontal lines) and repeti-
tion rate (60 cps). However, as detailed in following sections, the
actual shape of the vertical synchronizing pulse used in practice is rather
complicated.

The complete, composite video signal, then, consists of the basic picture
signal plus horizontal and vertical blanking pulses plus horizontal and
vertical synchronizing signals.

1-7. Composite Video Signal. The transmission of a composite video
signal, constituted in accordance with existing standards, is one of the most
important responsibilities of the television broadcaster. Unless this is
done, conventional television receivers will not be able to receive a satis-
factory picture and, of course, any nonstandard transmission would be
contrary to government regulations. For this reason, a thorough knowl-
edge of all details of the standard composite signal waveform is essential.

The standard composite waveforms as proposed ® for television studio
equipment are shown in Fig. 1-4. These waveforms pertain to the picture
line amplifier output and, therefore, are video waveforms. They cor-
respond exactly to the FCC (Federal Communciations Commission )
standards pertaining to the over-all transmission system except, where
advisable, the tolerances are tighter in order to provide some leeway for
possible modification by the transmitter.

Figure 1-4a shows, at the left, the waveforms of the last four scanning
lines of a particular field, complete with horizontal blanking and synchro-
nizing pulses (the “black” or negative video signal direction is shown

5 RTMA Standards Proposal No. 378, “Electrical Performance Standards for Tele-
vision Studio Facilities,” Radio-Television Manufacturers Association, New York.
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Sec. 1—8] BLANKING PULSES 1

downward). The point at which the bottom of the frame is reached is
indicated in the illustration, and to the right of this point the vertical
blanking and synchronizing pulse occurs. Finally, by the time the right
end of the illustration has been reached, the electron beam has been de-
flected to the top of the picture, and the first three scanning lines of the
next field are shown.

Before exploring in greater detail the characteristics of the standard
composite waveform, the series of pulses shown in Fig. 14b warrant
review. This illustration shows, at the left end, the last 314 scanning lines
of the field that was started at the right end of Fig. 1-4a, the remainder of
the illustration developing as for the one immediately above. Although
similar, these two waveforms differ from each other in an important detail.
In the first illustration (), the bottom of the field was reached at the end
of a complete horizontal scanning line. In (), however, the last scan
shown is only one-half a full line in length and is so labeled (0.5H).
Furthermore, the first scan at the right end of this waveform is only one-
half a scanning line in length. As already discussed and illustrated by
Fig. 1-2, these are necessary conditions for odd-line interlaced scanning.

1-8. Blanking Pulses. The duration of a typical horizontal scanning
line is labeled H in Fig. 1-4a and is actually 1/15,750 second or 63.5 micro-
seconds in duration. The duration of that portion of the scanning line
that contains useful picture information is labeled “Picture.” This is
shorter than H by the time occupied by the horizontal blanking pulse, as
iltustrated.

In Fig. 14a the interval from the “bottom of picture” to “top of picture”
is shown occupied by the vertical blanking pulse. Because of the many
special pulses that are riding on top (downward, because of the negative-
downward convention used for these illustrations) of the vertical blank-
ing pulse, its existence as a blanking pulse is almost obscured. Note, how-
ever, that for the entire interval marked “Vertical Blanking Pulse” the
amplitude of the signal (in the positive direction) never exceeds that of
the blanking (or scanning beam extinction) level. All added pulses ex-
tend into the more negative or the “blacker-than-black” region.

Horizontal Blanking Pulses. Details of the horizontal blanking pulse
and of the composite video waveform are shown in Fig. 1-4c. This illus-
tration is an expanded view of the waveform between points A-A in
Fig. 1-4b. The reference white level is defined by the upper dotted line.
This is the level above which white signal peaks should not normally
extend. The reference black level, or other picture signal extreme, is
defined by the lower dotted line. All picture waveforms should normally
be within these limits.

The duration of the horizontal blanking pulse must be sufficient to
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blank out the horizontal retrace even in an inefficient receiver. Thus the
circuit limitation in such receivers determines the minimum width of the
horizontal blanking pulse in the standard waveform. This minimum, de-
tailed in Fig. 1-4e as the sum of two dimensions (0.025H - 0.14H) is
0.165H or 16.5 per cent of the horizontal period H. The impossibility of
producing infinitely steep sides on the pulse is recognized by the greater
maximum width permitted at the base of the pulse. This value is 0.18H
or 18 per cent of the horizontal period. In absolute units, this amounts to
0.18 )X 63.5 = 11.4 microseconds. The duration of the picture-carrying
portion of a complete line is, therefore, 63.5 — 114 or essentially 53
microseconds.

Because of the difficulty, in practice, of determining the width of a pulse
at its exact top or bottom (because of distortion of the corners), measure-
ments of pulse widths are made at the 0.1 and 0.9 amplitude points, as
shown in Fig. 14e.

Vertical Blanking Pulses. The duration of the vertical blanking pulse
is not limited by receiver circuit limitations as is the width of the horizon-
tal blanking pulse. Here, the limiting factors are the requirements of the
method often employed for projecting film for television broadcasting
purposes, as described in Sec. 9-6. With these considerations in mind, the
duration of vertical blanking pulses has been standardized as 0.05V with
a tolerance of plus 0.03V and minus 0, i.e., 0.05V to 0.08V, where V is the
duration of one complete field. In absolute units this amounts to 0.8 to 1.3
milliseconds since V is equal to 34, second or 16.6 milliseconds.

Within the confines of the vertical blanking pulse, there are additional
series of pulses. Two of these intervals contain so-called equalizing
pulses. Another interval is devoted to the vertical synchronizing pulse
which, unlike the simple rectangular horizontal synchronizing pulse, con-
tains six slots or serrations which are necessary to maintain continuity of
horizontal synchronization during the vertical blanking interval. F inally,
the remainder of the vertical blanking pulse carries regular horizontal syn-
chronizing pulses. The special pulses included within the vertical blank-
ing-pulse interval are described in detail in following sections.

1-9. Synchronizing Pulses. The horizontal and the vertical scanning
circuits in a television receiver are completely independent systems, both
of which require accurate synchronizing pulses to keep them in step with
the corresponding scanning systems in the television pickup camera. The
synchronizing pulses, which are rather short in duration, may, therefore,
be added to the picture signal to increase the peak amplitude of the com-
posite signal without greatly increasing the average power level of the
transmitted signal. Amplitude discrimination methods can then be used
to separate the synchronizing information from the composite signal.
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It is necessary, however, to distinguish between horizontal and vertical
synchronizing pulses. A second increase in amplitude could be used to do
this but this is undesirable since it would still further raise the peak-
amplitude requirement of all equipment involved. The synchronizing
system that has been adopted as standard, therefore, utilizes horizontal
and vertical pulses of equal amplitude but of different duration. Fre-
quency discrimination is then used to separate them in picture-tube scan-
ning circuits.

All synchronizing pulses appear below the blanking level which, in turn,
is below the black level by the amount of setup in use (see Sec. 1-13,
below). Being in the region that is sometimes called “blacker-than-
black,” the synchronizing pulses have no effect on the display on the face
of the picture tube.

Horizontal Synchronizing Pulses. Horizontal synchronizing pulses,
except during a portion of the vertical blanking interval, are rectangular
pulses that ride on top of the blanking pulses. Their purpose is to stabi-
lize the horizontal-frequency saw-tooth generators and maintain them in
step with those at the picture-originating point. In Fig. 14, because of
the negative-downward convention, the synchronizing pulses extend down
from the inverted tops of the blanking pulses. The general shape of the
standard horizontal synchronizing pulse is shown in Fig. 1-4c. The dura-
tion of this pulse is less than that of the blanking pulse, and the leading
edge of the synchronizing pulse is delayed with respect to the leading
edge of the blanking pulse upon which it rides. This forms a step in the
composite pulse which is called a “front porch” (see also Fig. 1-3e).
Similarly, the step formed by the difference between the trailing edges of
the synchronizing and the blanking pulses is called a “back porch.”

The purpose of the front porch is to ensure that the scanning beam of
the picture tube is completely cut off before horizontal retrace begins. It
also ensures that any discrepancies which may exist in the leading edge of
the blanking pulse will not affect either the timing or the amplitude of the
synchronizing pulse.

It is important to recognize that, unless the front porch of each synchro-
nizing generator is kept within specified tolerances, there will be undesira-
ble lateral shifts of the visible raster on the picture tube as video signals
from sources employing different synchronizing generators are displayed.
This stems from the fact that, regardless of the size of the front and back
porches, the timing of the saw-tooth scanning generators, and hence the
instantaneous position of the scanning spot, bears a constant relation to
the horizontal synchronizing pulse. If the front porch is smaller than
normal, the return trace will be initiated closer to the visible end of a hori-
zontal line than normally, as illustrated in Fig. 1-5. Further, if all other
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characteristics of the composite signal were standard, a smaller-than-
normal front porch would be accompanied by a larger-than-normal back
porch. Thus the horizontal scan would be unblanked farther from the
beginning of the scan (left side of raster) than normal. Both of these
conditions result in a shift of the picture or visible raster to the right. In
the reverse situation, when the front porch is overly long and the back
porch too short, the raster will be shifted to the left. If the picture tube
is masked or framed, which is almost always the case, then part of the
picture becomes hidden behind one edge or the other of the mask.

WHITE PEAK—>

(a)
j BLANKING
. LevEL BLACK PEAK r

HORIZONTAL SCAN IN NORMAL POSITION

_HORIZONTAL SCAN SHIFTEQ TO RIGHT |

=il

FRONT PORCH LBACK PORCH

SYNCHRON|1ZING PULSE _/‘

Fic. 1-5. A change in the length of the front porch, and hence the position of the syn-
chronizing pulse, causes a lateral shift of the visible portion of a raster since the hori-
zontal synchronizing pulse is usually employed to trigger the associated horizontal
scanning generator,

Section C-C of Fig. 1-4c is detailed in part (e) of the illustration. This
shows the exact dimensions of the horizontal synchronizing (and blank-
ing) pulses. A nominal width of 0.08H (8 per cent of the horizontal
scanning period) has been chosen as standard for the horizontal synchro-
nizing pulse. Four factors influenced this choice: First, the width should
be as great as possible so that the energy content of the pulses will be
large compared to the worse type of noise that may be encountered in the
transmission system, thus providing a maximum immunity to noise. Sec-
ond, the width should not be greater than is necessary to meet the first
condition, in order to minimize average power requirements of the trans-
mitter. Modulation of the picture transmitter is such that synchronizing
pulses represent maximum carrier power (see Sec. 1-17); hence it is de-
sirable to keep the duty cycle as small as possible. Third, the horizontal



Sec. 1-9] SYNCHRONIZING PULSES 15

synchronizing pulses should be kept as narrow as possible so as to main-
tain a large difference between these pulses and the segments of the verti-
cal synchronizing pulses described in the following section. A large dif-
ference makes it easier to separate the vertical synchronizing pulses from
the composite signal. Fourth, the back porch is useful for one type of
clamping action for d-c restoration (see Sec. 1-15) and, to facilitate this
application, should be as wide as possible.

Vertical Synchronizing Pulses.. Fundamentally, the vertical synchroniz-
ing pulses are rectangular in shape and of the same amplitude as horizon-
tal synchronizing pulses. The vertical pulses, however, are of much longer
duration (3H vs. 0.08H ), and it is this feature that makes it possible to
separate vertical and horizontal synchronizing pulses by means of rela-
tively simple circuits. However, each vertical pulse is complicated by the
presence of six slots cut into it. These give it the appearance of a series of
six pulses occurring at twice the horizontal scanning frequency, as shown
by Figs. 1-4a and 1-4b. Compared to the equalizing pulses (see Sec.
1-10) or the horizontal synchronizing pulses, the six pulses appear rela-
tively wide. The slots in these pulses are employed to provide uninter-
rupted information to the horizontal scanning circuits; they contribute
nothing to the value of the vertical synchronizing pulse. It is the trailing
edge (downward stroke) of the slots in the vertical pulses that triggers
the horizontal scanning oscillators. Note, however, that for a given field
only every other slot is effective; i.e., every other slot is used for odd-field
synchronizing and the alternate one for even fields.

The section between B-B in Fig. 1-4b is shown in detail in (d) of
the figure. Here it is seen that the nominal dimension of the slot is 0.07H
or 7 per cent of the horizontal scanning period. This results in a nominal
width of each of the six pulses appearing within the vertical synchroniz-
ing-pulse interval of about 0.43H (43 per cent) or almost six times the
width of the horizontal synchronizing pulse. The maximum permissible
slope to the sides of the pulses is 0.003H.

The nominal width of the slots in the vertical synchronizing pulses is
almost equal to the width of the horizontal synchronizing pulses, i.e., 7 vs.
8 per cent of the horizontal scanning period. 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 take place if the noise pulse is high enough and if it occurs
very close in time to the normal triggering time. Increased time separa-
tion (a wider slot) reduces the likelihood of such premature action. Here
again, the requirements of special clamping also are met more easily if
the slots are made as wide as possible.
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1-10. Equalizing Pulses. Before and after each vertical synchronizing
pulse there are groups of six narrow equalizing pulses (F ig. 1-4a) that
serve two purposes: First, like the slots in the vertical blanking pulse, they
serve to maintain a continuous flow of synchronizing information to the
horizontal scanning circuit. Second, they perform the very vital function
of providing means for obtaining correct interlacing by equalizing the
difference in the spacing in odd and even fields between the last horizon-
tal synchronizing pulse and the beginning of the vertical blanking pulse.

Like the slots in the vertical synchronizing pulses, the repetition fre-
quency of the equalizing pulses is twice the frequency of the horizontal
synchronizing pulses. This doubling of the frequency is necessary to
accomplish the two purposes for which the equalizing pulses are intended.
By choice of the proper series of alternate pulses, the desired continuity
of horizontal synchronizing intelligence is maintained. Examination of
Fig. 1-4a will show that the first, third, and fifth equalizing pulses are used
for the fields that end in complete scanning lines. On the other hand, as
shown by Fig. 1-4b, the second, fourth, and sixth equalizing pulses are
used for fields that end in one-half length scanning lines (see F ig. 1-2).
In either case, it is the leading edge (downward stroke) of each equaliz-
ing pulse that triggers the horizontal scanning circuits; therefore, the H
and H/2 intervals 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 accu-
rate interlacing. Discrepancies in either timing or amplitude of the verti-
cal scanning of alternate fields will cause displacement, in space, of the
interlaced field. The result is nonuniform spacing of the scanning lines
which reduces the vertical resolution and makes the line structure of the
picture visible at normal viewing distance. The effect is usually called
“pairing” of the scanning lines. The maximum allowable error in scan-
ning-line spacing on the picture tube, while avoiding the appearance of
pairing, is probably 10 per cent or less. This means that the allowable
error in timing of the vertical scanning is less than 1 part in 5,000.

The presence of any 30-cps component in the vertical scanning signal
will impair the accuracy of the interlace. This occurs because alternate
fields are presented at a 80-cps rate, and a spurious signal of this fre-
quency would affect the odd fields with respect to the even (or vice
versa). Unfortunately, the horizontal synchronizing signal has an in-
herent 30-cps component. This stems from the fact that the odd and even
fields are not identical but are displaced from each other by one-half of
a scanning line. This means that the synchronizing waveforms for succes-
sive fields differ from each other in certain details. Since alternate fields
occur at a 30-cps rate, the fundamental frequency of the modifying com-
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ponent is of this period. It is necessary, therefore, to take precautions to
prevent the transfer of any of this 80-cps component from the horizontal
synchronizing signals into the vertical-deflection circuits. This is accom-
plished with the aid of the double-frequency equalizing pulses, as ex-
plained below.
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Fic. 1-6. The output signals (f and g) resulting from integration of the synchronizing
waveforms are identical in the vicinity of the vertical synchronzing pulse for fields end-
ing in either half () or whole (a) lines by virtue of the presence of equalizing pulses.

The vertical synchronizing pulses are separated from the composite
video signal by discriminating against the horizontal synchronizing pulses
with an integrating network similar to that shown in Fig. 1-6. In prac-
tice three-stage integrating networks are often employed in place of the
two-stage illustrated. The composite video signal is applied to the input
of the network. The output, as will be shown, contains a signal that is
related only to the vertical synchronizing pulse. It is used to control the
vertical sweep oscillator.

The action of the equalizing pulses that precede the vertical synchro-
nizing pulse is such as to make the integrating network “forget” that there
is a difference in the synchronizing and blanking waveforms of successive
fields. These differences are clearly evident by comparing Figs. 1-4a and
1-4b, particularly in the regions immediately before the point marked
“bottom of picture” and immediately after the “top of picture” point.

In Fig. 1-6 the waveform consisting of pulses a, ¢, d, and e correspond,
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respectively, to the horizontal synchronizing («), the equalizing (c), the
serrated vertical synchronizing (d), and the second group of equalizing
pulses (e) shown in Fig. 1-4a except that for the purposes of this illus-
tration they are inverted (negative, upward). Similarly, pulses b, ¢, d,
and e correspond to the waveform of the following field, as shown in
Fig. 1-4b.

The integrating action of one section of the circuit shown in Fig. 1-6 is
illustrated by curves f and g. The former is for the acde series of pulses
and the latter for the bede series. At first (left end), the two curves f
and g are completely out of step. However, as the equalizing pulses are
encountered, the two curves gradually converge. By the time the last of
the equalizing pulses (c) of the first group have passed, the curves f
and g have come almost together. As the serrated vertical synchronizing
pulse (d) itself is integrated, the two original curves merge into one and
rise together in a slightly jagged form. This action, however, is that of
only one of the two (and often three) integrating stages used in practice.
The effect of further integration not only results in the two curves being
merged into one but, in addition, practically all the irregularities are re-
moved from the rising pulse formed by the serrated vertical synchronizing
waveform. Thus the difference between the waveforms of odd and even
fields (the 30-cps component) has been effectively eliminated in so far as
it has an effect on the accurate timing of the start of the vertical retrace.
In this manner one of the conditions that must be met for accurate inter-
lace is fulfilled.

Details of the equalizing pulses are shown in Fig. 1-4d which is an
enlargement of section B-B in Fig. 1-4b. The width of the standard equal-
izing pulse is 0.04H or 4 per cent of the horizontal scanning period. This
is just half the width of the horizontal synchronizing pulses. This width
is chosen so as to avoid any shift of the a-c axis when the transition takes
place, at the bottom of the picture, from horizontal synchronizing pulses
at scanning-line frequency to equalizing pulses at double scanning-line
frequency. If the equalizing pulses were of the same width as the hori-
zontal synchronizing pulses the a-c axis would shift upward and cause
the integrated waveform in Fig. 1-6 to begin to rise before encountering
the vertical synchronizing pulses. This could cause premature triggering
of the vertical synchronizing circuits.

1-11. Driving Pulses. The processes just described for synchronizing
scanning circuits are those employed in picture-tube monitors or in re-
ceivers where a composite waveform (the combination of picture-signal,
blanking, and synchronizing pulses) is involved. At the pickup terminal
ot the television system, scanning must also be undertaken in the camera
tubes. Here, however, since the television cameras and synchronizing
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generator are relatively close to each other, there is no need for transmit-
ting blanking together with horizontal and vertical synchronizing pulses
over a single channel. Under these circumstances, it is usually practical
to provide individual circuits for the transmission of each of the waveforms.

TaBLE 1-2. DURATIONS OF SYNCHRONIZING WAVEFORMS—
InpusTry (RTMA) STANDARDS °

Relative |
’( H = horizontal period;
V = vertical period)

Absolute
(microseconds)

Min ‘ Max ‘ Min Max
Scanning times: (5 -
Horizontal, H .............. 1 ....... | 63.5
T T F ....... 16,667
|
Blanking times: T i l
Horizontal ................ | 0.165H ‘ 0.18H 10.5 11.4
Verticall . S saias: = «u ahal. -l 0.05V 0.08V 833 | 1,333
Synchronizing pulses: ’ ‘ |
Horizontal ................ 0.07H | 0.08H 44 | 51
Vertical +.oovoervvnnnnnnnn. 3H | 3H 180 180
Vertical serrations .......... 0.06H | 0.08H 3.8 5.1
Eront Poreh e #ess s » (6ot m 0.0251 | .... 1.6 l S O
Equalizing pulse ¥ ............ i | 0.04H T 2.5
Driving pulses: | |
H OTIZOMI] e 18 x b’ Sla /sl = A1 0.09H 0.18H 57.1 | 1141
Vertical ................... | 0.025V 0.08V 416 1,335
Pulse rise time. . . .. ........... -F ' 0.003H e ‘ 0.19
| | |

* See Table 17-2 for government (FCC) standards.
1 At “base” of pulse, i.e., 10 per cent amplitude point.

It is customary, therefore, to use what are called driven scanning cir-
cuits in cameras and, sometimes, in the 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.
The driving-signal pulses trigger directly the saw-tooth generators which
produce the scanning waveforms. This method reduces interlacing errors
in the terminal equipment to whatever small errors may be inherent in the
driving signals. The horizontal and the vertical driving-pulse widths are
usually shorter in duration than their respective blanking-pulse widths for
reasons that will become evident (e.g., see Sec. 2-3, Horizontal-deflection
Circuits). Industry standards covering driving pulses, as detailed in
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Fig. 5-1, specify that vertical and horizontal driving-pulse widths shall be
adjustable from % to 1 times their respective blanking-pulse widths.
Under these circumstances, vertical driving pulses may range from 0.025V
(one-half the minimum vertical blanking-pulse width) to 0.08V (the
maximum vertical blanking-pulse width) or from 416 to 1335 micro-
seconds in duration. Horizontal blanking pulses, on the other hand, may
range from 0.09H to 0.18H, or from 57 to 114 microseconds in duration.

A summary of the minimum and maximum durations of the synchro-
nizing waveforms described in the preceding sections is presented in
Table 1-2 in terms of both relative and absolute units.

1-12. Television Signal Terminology. In broadcasting operations it is
frequently necessary to refer by name to specific portions of the com-
posite television signal. Therefore, to avoid confusion or ambiguity, a
standard terminology has been adopted to identify all significant portions
of the composite waveform.® The six important amplitude levels of the
television signal are illustrated in Fig. 1-7 which shows a picture signal
for one horizontal scan together with two sets of associated horizontal
synchronizing and blanking pulses. The terms designated in this illustra-
tion are defined as follows:

Reference White Level. The level at the point of observation cor-
responding to the specified maximum excursion of the picture signal
in the white direction.

White Peak. The maximum excursion of the picture signal in the
white direction at the time of observation.

Black Peak. The maximum excursion of the picture signal in the
black direction at the time of observation.

Reference Black Level. The level at the point of observation cor-
responding to the specified maximum excursion of the picture signal
in the black direction.

Blanking Level. The level of the signal during the blanking inter-
val. It coincides with the level of the base of the synchronizing pulse.

Synchronizing Level. The level of the peaks of the synchronizing
signal.

Reference White. The reference white level represents the maximum
permissible signal amplitude in the white direction. Normally it cor-
responds to that level which ensures full use of the associated facilities
without overloading, cross talk, or some other limiting factor becoming

¢ IRE Standard No. 50 IRE 23.S1, “Standards on Television,” Institute of Radio
Engineers, New York, 1950.
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objectionably large. In almost every television program there is some-
thing that is white. Generally the white peaks corresponding to white
objects are adjusted until they correspond to the reference white level.
White Peak. At any given instant, the maximum picture signal in the
white direction will have some particular amplitude. This may or may
not correspond to reference white, depending upon a number of factors.
These include whether or not there is a truly white object in the particu-
lar scene televised at the moment and whether the gain of the video chan-
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Fic. 1-7. The standard waveform monitor scale and the terminology used for measur-
ing and identifying, respectively, the various portions of a composite picture signal.

nel is adjusted so as to bring such white peaks as do exist to the reference
white level. In any event, the maximum signal amplitude in the white
direction that exists at the moment of observation is known as the white
peak level.

Black Peak. The blackest object in a television scene at any given
moment produces a signal in the black direction whose amplitude is re-
ferred to as a black peak. The magnitude of the black peak at the instant
of observation may or may not coincide with reference black depending
on factors similar to those mentioned in the preceding paragraph. The
darkest object in a particular scene may be gray rather than black, in
which case the black peak would not correspond to reference black.
Again, the maximum signal excursion in the black direction that exists at
the moment the measurement is made is called the black peak level.

Reference Black. A signal level, known as reference black, is usually
established below which, for several reasons, it is undesirable for black
peaks to extend. Under normal conditions the black peaks corresponding
to truly black objects are adjusted so as to come just to the reference black
level. Any signal peaks that extend to lower levels may be subject to
compression or clipping, depending upon the subsequent processing of
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In Fig. 1-8a are shown the waveforms corresponding to three white
lines, followed by three black lines, and the beginning of another white
line. This signal, which contains a d-c component, is characterized by a
constant level for the negative peaks of the synchronizing pulses. How-
ever, upon passing through an a-c coupled system (which eliminates the
d-c component) the signal seeks to adjust itself in a consistent manner
about an a-c axis as shown in Fig. 1-8b. The rate at which it succeeds in
doing this is a function of the time constants of the circuit. In any event,
the synchronizing peaks no longer fall at a constant level, nor do the sig-
nals corresponding to black level remain in the correct relation to those

corresponding to white level.
Black Ie\{‘? lUJ l

{@) D-c component present

White Ievel;

A-C axis

]

(4} D-¢ component removed

F16. 1-8. When the d-c component is removed from the waveform shown at (a), the
remaining signal seeks to align itself about the a-c axis as shown at (b). As a result,
the pulses corresponding to black-level signals no longer bear the correct relation to
the white-level pulses, nor do the negative peaks of the synchronizing pulses fall at a
constant level.

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. 1-8b is actually the correct axis only for a wave composed of a
long series of pulses like the first four at the left. During the transient
condition following introduction of the black-level pulses, the line shown
is not the true a-c axis but represents the operating point of the a-c coupled
system. The true a-c axis of the short pulses (shown by the dotted line)
gradually adjusts itself to coincide with the operating point of the system.
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This adjustment is shown by the exponential rise of the signal which, in
the example given, is interrupted before completion by the resumption of
the white-level pulses. Thence a second transient condition takes place
leading to a gradual restoration of the signal to the form shown at the left.

The departure of the synchronizing-pulse peaks from the original con-
stant level is the result of losing the d-c component. It is to be noted 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 and trans-
mitters (see Sec. 13-9).

D-c Insertion. Any system of measurement must have a fixed standard
reference unit or level. This rule applies, of course, to the problem of
reproducing light intensities in a television system. The simplest refer-
ence 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. Therefore, 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.

It now becomes apparent that an extremely important step in the syn-
thesis of the television signal is that of making the peaks of the blanking
pulses bear a fixed relationship to the actual black level in the scene. It
was pointed out previously that the amplitude of these pulses is produced
by clipping off unwanted portions of the signal, as illustrated in Figs. 1-3¢
and 1-3d. A second, and most important, function is performed when the
clipping is controlled in such a way that the resulting 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.

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 functions such as d-c restoration. 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 reference level.
Thus, in Fig. 1-8b, if the peak of each pulse can be restored to the line s,
then the signal will appear as in (a) and the d-c component will have
been restored. The process of bringing these peaks back to an arbitrary
reference level is called d-c restoration. D-c restoration must be accom-
plished at the input of the final reproducing device (e.g., the picture tube)
in order to reproduce the scene faithfully when a-c coupled amplifiers
are used.
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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, as explained in Sec. 13-9. In a similar way, it is possible
to remove switching surges, hum, and other spurious signal components
which have been introduced after d-c insertion by pure addition to the
signal. In professional applications, d-c restoration is usually accom-
plished by a process called clamping.

1-15. Clampers. In television receivers it has been the general prac-
tice to employ relatively simple circuits for d-c restoration. This is usu-
ally accomplished right at the grid of the picture tube. On the other
hand, it is sometimes undertaken in the grid circuit of the video amplifier
that drives the picture-tube grid. In any case, the arrangement employed
restores what is essentially the tip of the synchronizing pulses to a com-
mon reference point. The time constants of the circuits used for this pur-
pose must necessarily be such that the control voltage generated to achieve
the desired results persists for at least the duration of one horizontal scan-
ning line. In practice, however, it often lasts longer, perhaps for several
lines, because of the simple circuit arrangements employed. Since the
average brightness of the background illumination seldom changes very
rapidly, this is a suitable arrangement. Nevertheless, small errors may
result, corresponding to the displacements in level between successive
pulses, but since the effect is not cumulative, the d-c restoration is suffi-
ciently accurate for most television-receiver applications.

In professional television equipment, on the other hand, more elaborate
circuit arrangements are desirable and justifiable. A so-called “clamping”
circuit is, therefore, often employed for d-c restoration purposes. Al-
though considerably more complicated than the simple d-c restoration
circuits used in receivers, the clamping circuit offers several advantages:
First, the d-c restoration or clamping is done on a line-to-line basis. No
discrepancies can, therefore, result from even small changes in line-to-line
background brightness variations. Second, the back porch of the com-
posite signal can be used for the reference point. Because of its longer
time duration and greater immunity to compression (should this be pres-
ent in the system) the back porch is generally considered a better refer-
ence point than the tip of the synchronizing pulse. In general, then, a
clamper is a pulse-operated device which functions during a portion of-
the blanking interval of the picture signal to set a signal reference level to
some predetermined fixed value.

In order to clamp on a line-to-line basis, some means must be employed
to establish the necessary value of control voltage immediately before the
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beginning of each line, hold it for the duration of the line, and then dis-
card it entirely and start afresh. This operation requires switching ar-
rangements (electronic) since simple time-constant circuits, such as are
used in television receivers for d-c restoration, cannot perform this rela-
tively intricate operation.

The horizontal synchronizing signal makes ideal keying pulses for
operation of the electronic switch. The horizontal synchronizing pulse
occurs shortly after the end of each horizontal line. It is, therefore, often
used to close an electronic switch which drains off the control voltage used
for establishing the d-c reference level for the preceding scanning line:
However, the electronic switch is permitted to open before the end of the
blanking pulse. Consequently, the remainder of the blanking pulse, i.e.,
the back porch, may be used to establish the operating point for the next
scanning line (see also Sec. 6-7).

1-16. Picture-carrier Modulation. The choice of amplitude modula-
tion for television picture transmitters was made after comparison of the
results of amplitude- and frequency-modulated transmissions in actual
field tests. The results indicated clearly that frequency modulation is not
suitable for use in television broadcasting systems where multiple-path
transmission can be encountered. Multipath transmission takes place
when signals arrive at the receiving antenna from two or more directions.
One of the signals is usually the direct signal from the transmitting to the
receiving antenna. The others follow indirect paths along which the sig-
nals are reflected by objects which are off to the side of the direct path.
Sometimes an object directly behind the transmitter or directly behind the
receiver will reflect waves also.

In the amplitude-modulated case, a reflected signal which arrives after
the direct signal produces a single ghost or repetition of the scene dis-
placed to the right of the original scene. The amount of the displacement
is a function of the extent of the delay of the reflected signal as compared
to the direct signal. The intensity of the ghost depends upon the relative
strength of the two signals. There can be as many ghosts as there are
reflected signals.

In the frequency—modulated case, the delay of the reflected signal may
be such that two distinct carrier frequencies arrive at the receiver simul-
taneously. Under these circumstances, the beat between the two fre-
quencies appears in the picture in the form of a moiré or multiple-ghost
pattern. The spacing of the moiré or the frequency of repetition of the
ghosts is a function of the brightness contrast between adjacent areas in
the scene. As a result, it changes constantly with every movement or
change in scene. The most objectionable moiré is probably that pro-
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duced by the blanking pulses because they usually represent the greatest
possible black-to-white contrast ratio. Where multiple-path tranmission
is not present, as in point-to-point relaying systems using highly directive
antennas, frequency modulation may be used with excellent results (see
Secs. 3-9 and 12-8).

1-17. Polarity of Transmission. In this country, negative transmission
is standard for the television picture carriers. “Negative” transmission
means that the carrier is modulated so that an increase in picture bright-
ness results in a decrease in carrier amplitude. Under these circum-
stances, the tips of the synchronizing pulses represent maximum carrier
level, and the highlights in the picture correspond to minimum carrier
amplitude. Among the advantages of negative transmission is the ability
to make full use of the nonlinear transmitter modulation characteristic
sometimes encountered at high modulation levels. Because the synchro-
nizing pulses are rectangular in shape, any compression or saturation
taking place during the modulation process only reduces their amplitude
and does not otherwise materially affect their shape. Therefore, it is pos-
sible to compensate for any compression by simply preemphasizing the
synchronizing pulses before modulation takes place. Thus the correct
picture-to-synchronizing-pulse amplitudes are readily maintained. In a
positive transmission system, on the other hand, where the highlights in
the picture correspond to maximum carrier, any nonlinear region of the
modulation characteristic cannot be used without white compression of
the picture signal. Furthermore, a large portion of the low-percentage
end of the modulation characteristic (which is usually completely linear)
is used up by the synchronizing pulses.

Another advantage of negative transmission is that noise peaks result in
black rather than white spots or streaks in the reproduced picture. Black
“noise” is generally less objectionable than white “noise” particularly if
the amplitude of the latter is so great as to produce blooming of the pic-
ture-tube scanning beam. In a sense, the picture tube acts as a noise
limiter in a negative transmission system since the interference cannot
become any “blacker” than black.

In the negative transmission system the average power rating of the
transmitter, for a given peak power, can be less than for a positive trans-
mission system. This results from the fact that the duty cycle of the syn-
chronizing pulses is relatively small as compared to that of the average
picture waveform. Consequently, the average transmitter power require-
ments are lower when the synchronizing pulses determine the maximum
peak power needs (as in negative transmission) rather than the picture
waveform (as in positive transmission ). Negative transmission also offers
several advantages in television-receiver design including relatively sim-
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ple automatic-gain-control circuits 8 and the possibility of making use of
an intercarrier sound-receiving system.?

1-18. Polarization of Transmission. The choice of the standard car-
rier-wave polarization was made as a result of both theoretical studies
and field trials of both vertical and horizontal polarization for television
transmission.!® 11 These tests indicated predominantly stronger signals for
horizontal polarization than for vertical. There was some evidence that
vertical polarization was preferable within a short radius of the trans-
mitter, but the proportion of the total service area over which this was true
was very small.

Horizontal polarization also offers advantages in so far as multipath
transmission is concerned. Both theoretical and experimental evidence
shows that horizontally polarized waves are reflected less from the usual
type of obstructions encountered in practice than are vertically polarized
waves.

From the viewpoint of man-made noise signals, investigation showed
that relatively few had appreciable horizontally polarized components.
Accordingly, there is less tendency for horizontally polarized receiving
antennas to pick up this type of noise signals. Furthermore, horizontal
antennas are somewhat easier to build for both receiver and transmitter
installations, particularly where directional arrays are required. Finally,
the directivity of simple horizontal dipoles is, in itself, a substantial aid in
reducing the pickup of interfering signals at a receiving location.

8 Wendt, K. R, and A. C. Schroeder, Automatic Gain Controls for Television
Receivers, RCA Rev., Vol. XI, No. 3, p. 373 (September, 1948).

°Dome, R. B., Carrier-difference Reception of Television Sound, Electronics,
Vol. 20, No. 1, p. 102 (January, 1947).

10 Wickizer, G. S., Mobile Field Strength Recordings of 49.5, 83.5 and 142 Mc
from Empire State Building, New York—Horizontal and Vertical Polarization, RCA
Rev., Vol. IV, No. 4, p. 387 (April, 1940).

1 Brown, H., Vertical vs. Horizontal Polarization, Electronics, Vol. 13, No. 10,
p- 20 (October, 1940).



CHAPTER 2

The Image Orthicon Camera

In THE UniTED STATES the image orthicon tube (Fig. 2-1) is almost
universally used in television field and studio cameras. It is sometimes
employed in film camera chains also, but for this service iconoscopes are
more often used, particularly when “stills” in the form of opaques or slides
are being televised. The image orthicon camera is especially suitable for
converting an optical image into a video signal where low light-intensity
levels are encountered.

The image orthicon television camera usually consists of a lens turret,
the image orthicon tube with its focusing and deflection coils; a video
amplifier and sweep generating circuits; a view finder, generally electronic
in nature; and the necessary controls and accessories. Associated with the
television camera there is usually a camera-control unit, power supplies,
and other auxiliaries. A knowledge of the operating principles of the
image orthicon is essential for understanding the performance of the tele-
vision camera. This subject is covered in this chapter, therefore, before
proceeding in the next chapter to a description of the camera itself and its
associated facilities.

2-1. Image Orthicon Tube. For purposes of analysis, the image orthi-
con 2 may be considered as being divided into three functional sections:
(a) the image section, (b) the scanning section, and (¢) the electron-
multiplier section, as illustrated in F ig. 2-2. In the following paragraphs,
the operation of each section and that of the tube as a whole are described.

Image Section. As the name implies, it is in the image section that the
optical image of the scene to be televised is focused. The image section
consists of (a) a semitransparent photocathode mounted immediately
inside the optically flat face of the tube, (D) an electron accelerator grid
(grid No. 6), and (c) a very thin glass target immediately in front of

! Janes, R. B., R. E. Johnson, and R. S. Moore, Development and Performance of
Television Camera Tubes, RCA Rev., Vol. X, No. 2, p. 191 (June, 1949).

? Janes, R. B, R. E. Johnson, and R. R. Handel, A New Image Orthicon, RCA Rev.,
Vol. X, No. 4, p. 586 ( December, 1949).
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which is a very fine mesh wire screen. When an optical image is focused
on the photocathode, the resulting electron emission varies in intensity
with the luminous flux incident on the face of the photocathode. Since
the light strikes the photocathode on one side and the electron emission
is desired from the other side, it must necessarily be semitransparent.
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Fic. 2-1. The appearance and major dimensions of a commonly used image orthicon
camera tube.

The photocathode is operated at a high negative potential with respect
to the glass target, while the fine mesh screen is only slightly positive.
The potential gradient between the photocathode and the glass target
causes the electrons resulting from the photoemission to be accelerated
toward the target with sufficient velocity to pass through the slightly posi-
ive target screen, strike the glass target, and cause secondary emission
from the glass. The glass target is not photoelectrically sensitive; it is
simply a uniformly flat insulating surface capable of emitting secondary
electrons.

The target screen, being slightly positive with respect to the glass target,
collects the secondary electrons and returns them to the ground or refer-
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ence potential point. The electrons or negative charges having been
removed, there remains a positive charge distributed over the face of the
glass target which varies in accordance with the light intensity of the
original optical image. However, since the ratio of secondary emission
is greater than unity, the charge configuration on the glass target is several
times as great as the original charge emitted by the photocathode. The
charge is most positive in the areas corresponding to the picture highlights
since it is here that the greatest number of electrons or positive charges are
released. Furthermore, the insulating character of the glass target pre-
serves or stores the charge configuration between successive scannings.
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Fic. 2-2. The location of the camera lens (left) with respect to the photocathode of
an image orthicon, the arrangement of the internal elements of the tube, and the posi-
tion of the associated focusing, alignment, and deflection coils shown schematically.

However, since the glass target is very thin, the ratio of its transverse to
longitudinal resistivity is sufficiently high so that the charge configuration
on the front of the target is transmitted to the rear without appreciable
loss of resolution.

The purpose of the target screen is to ensure that the secondary elec-
trons will be collected rather than allowed to fall back on the target and
produce spurious effects. It is to be noted that the potential of the target
screen also determines the potential of the glass target, since, as soon as
the glass target becomes much more positive than the target screen, the
secondary electrons are subjected to a retarding field that prevents them
from reaching the target screen. Therefore, for all values of light above a
particular threshold, there is an upper limit to the potential that the glass
target may reach.

In the image orthicon tube, the electron image formed by the photo-
cathode is focused on the target by means of an electron lens system
consisting of the electrostatic field set up by the ringlike accelerator grid
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No. 6 and the axial electromagnetic field set up by the focusing coil. The
latter is a simple random-wound solenoid long enough to enclose both
the vertical- and the horizontal-deflection coils and the image section of
the image orthicon tube, as shown in Fig. 2-2.

Scanning Section. The rear side of the glass target is scanned by a low-
velocity electron beam produced by the electron gun in the scanning sec-
tion. This gun contains a conventional thermionic cathode, a control grid
(grid No. 1), and an accelerating grid (grid No. 2). The beam current
is controlled by the potential of grid No. 1 and is accelerated toward the
target at a velocity determined by the potential of grid No. 2. The beam
is focused at the target by the electrostatic field of ringlike grid No. 4
and by the axial electromagnetic field created by the focusing coil. Align-
ment along the axis of the tube of the beam from the gun is accomplished
by a transverse magnetic field from an external coil (the alignment coil,
Fig. 2-2) located at the gun end of the tube.

The electronic beam decelerates as it approaches the target, and grid
No. 5 serves to adjust the shape of the decelerating field to obtain uniform
landing of the electrons over the entire target area. The potential applied
to this grid determines the flatness of the orthicon focus field. If the target
is at zero or negative potential at the point of landing, then the beam
reverses and is accelerated back toward the gun end of the tube by virtue
of the relatively high positive potentials that exist at this point. If, on
the other hand, the target should have a positive charge at the point of
landing, the beam will give up enough electrons to neutralize the charge
before returning to the gun end of the tube. By this process the electron
beam becomes amplitude-modulated in conformance with the charge con-
figuration on the back of the glass target. In other words, the value of the
current in the return beam at a given instant will depend upon the charge
on the portion of the target being scanned at that time.

As explained in the preceding section, the charge on the target will be
most positive in those areas corresponding to picture highlights. As a
result, the electron beam will give up the maximum number of electrons
in these areas. Consequently, the electron-beam modulation is such that
minimum current in the returning beam corresponds to picture highlights
and maximum current to picture shadows. The deposition of electrons on
the target leaves the glass with a negative charge on the scanned side and
a positive charge on the photocathode side. However, these charges neu-
tralize each other by conductivity through the glass in less than the time
of one television frame.

By causing the electron beam to systematically scan the entire surface
of the target, the picture information becomes available in the modulated
returning beam in a form suitable for television purposes. Scanning is
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therefore produced by passing saw-tooth scanning currents through hori-
zontal- and vertical-deflection coils (F ig. 2-2). These coils are located
inside the focusing coil which creates the axial magnetic field throughout
the scanning and the image section.

The section of a target that has just been scanned has no positive charge
remaining (assuming proper beam-current adjustment ), and consequently
it is in the same condition as a section of the target that corresponds to
black. This makes it essential that the scanning beam be prevented from
striking the target during the sweep retrace times, since this would cause
the charge pattern to be neutralized along the path of the retrace beam.
This, in turn, would cause black lines to appear in the picture information
when the neutralized portions of the target were scanned in the regular
course of events. In order to prevent this action, it is necessary to make
the target negative during retrace time so that the scanning beam will not
reach it. This is accomplished by introducing negative blanking pulses
on the target screen during horizontal and vertical retrace periods. These
blanking pulses will, therefore, establish a black level in the modulated
electron beam by preventing it from landing on the target during the
retrace periods.

It is important that the influence of the magnetic scanning fields does
not extend into the image section of the tube. Any scanning in the image
section would result in loss of resolution in the picture because of displace-
ment of the photoelectrons at scanning frequencies. To prevent loss of
definition from this cause, it is necessary to shield the image section effec-
tively from the stray magnetic fields of the deflecting coils. One method
that has worked out well in practice is to wrap the outside of the external
focusing coil with magnetic material such as silicon steel or mu metal. In
order to avoid high absorption of the scanning power, the shielding mate-
rial is usually in thin strips and wound in several layers separated by in-
sulating material. For the same reason, the strips making up each layer
are usually not very wide. The use of such a winding tends to pull the
stray flux away from the photocathode and into the shielding mate-
rial. Resolution gains of as much as 200 lines have been achieved by this
method.

Electron-multiplier Section. The electron-multiplier section of the
image orthicon tube consists of a multiplier-focus electrode grid No. 3
(Fig. 2-2), five multiplier dynodes, and a signal collecting plate. An elec-
tronic multiplier utilizes the phenomenon of secondary emission to am-
plify signals composed of electron beams. The purpose of signal multipli-
cation in the image orthicon by secondary emission is to obtain a relatively
noiseless multiplication of the small signal that modulates the return beam.
In this way the signal may be increased to a level that is well above the
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noise level of the first stage of the video amplifier; thus, amplifier noise
need not be a limiting factor. The multiplier section amplifies the picture
signal several hundredfold so that the limiting noise of the image orthicon
tube is that resulting from the random noise of the electronic beam. The
portion of the scanning beam that does not land on the target returns and
strikes the accelerating grid No. 2 which also serves as the first dynode of
the signal multiplier. However, the amount of deflection received in
going to the target is not quite balanced by that received in returning;
consequently, the return beam scans a small portion of the first dynode.
This results in the formation of dynode spots (see Sec. 2-6).

The purpose of the cylindrical multiplier-focus grid No. 8 is to direct
all the secondary electrons from the first stage to the second stage of the
multiplier. Any failure to collect all the secondaries at the second dynode
will lead to a picure that is darker in one section than in another. This
condition, which is referred to as “shading,” shows up most clearly when
there is no signal caused by light. This shading signal differs from icono-
scope shading (see Sec. 84, Spurious Signal) in that it is smaller than
the picture signal and can usually be canceled by the insertion of a simple
horizontal-frequency saw-tooth component in a following amplifier stage.
Furthermore, it does not vary greatly with illumination, as does icono-
scope shading, but depends almost entirely upon the beam current. As a
result, the shading control requires little readjustment once it is set.

As the electrons strike the No. 2 dynode, there is further electron multi-
plication because of secondary emission. The multiplying process is re-
peated in each successive stage, with an ever-increasing stream of elec-
trons. Finally, those emitted from the last dynode are collected by the
anode and constitute the picture-signal current utilized in the output cir-
cuit. The maximum output current is of the order of several micro-
amperes, and a load resistor of perhaps 20,000 ohms may be used in
practice. Under these circumstances, the output voltage is sufficiently
great so as to avoid the need for very-high-gain video amplifiers.

The polarity of the output current is such that maximum current cor-
responds to picture shadows, i.e., the amplitude of the video signal in-
creases as the scene brightness decreases. Consequently, the signal devel-
oped across the load resistor connected to the signal plate will become
more negative (with respect to ground) as the picture becomes darker.
This is termed black-negative transmission.

2-2. Camera Optics and Lenses. Advantage has been taken of the
relatively small size of the image orthicon tube in designing a compact
television camera (Fig. 2-3). Typical cameras, complete with electronic
view finder but without lenses, are approximately 20 in. long, 12 in. wide,
and 18 in. high. The weight ranges from about 75 to 100 1b.
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Fic. 2-3. An exploded view of an image orthicon camera showing the ready access to
all parts for maintenance purposes. The upper portion of the assembly contains the
view-finder picture tube (upper right) and its supporting circuits. The lower portion
houses the image orthicon tube (which is located immediately behind the uppermost
lens in the four-position turret) and the circuits associated with the camera tube.

Lens Turret. As a rule, television cameras are equipped with a turret
in which four lenses of different focal lengths may be mounted. Selection
of the desired lens is accomplished from the rear or operator’s side of the
camera either by means of a handle as shown in Fig. 24, or by the method
described in the next paragraph. Means are provided for automatically
and accurately indexing the lens with respect to the pickup tube, and
changing from one lens to another requires less than 2 seconds. In some
Instances, a trigger switch is built into the lens-changing handle to turn
off the picture signal while the lenses are being changed. In all cases, lens
focusing is accomplished from the operator’s side of the camera and, in
some instances, the lens iris opening can also be controlled from the rear
of the camera or from a remote point.

At least one manufacturer of image orthicon cameras 3 employs a motor-
driven lens turret—a feature which permits the selection of lenses with the
aid of a set of four push buttons (one for each lens) which may be located
at any convenient place either on the camera (as shown in Fig. 4-12) or

® Pourciau, L. L., Television Camera Equipment of Advanced Design, J. SMPTE,
Vol. 60, No. 2, p. 166 (February, 1953).
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elsewhere. This camera, in addition, employs a selsyn-type focusing sys-
tem together with a remote lens iris-control arrangement. Thus, the selec-
tion of lenses, their iris opening, and their focusing can all be undertaken
at a point remote from the camera head itself, e.g., at the camera-con-
trol unit.

Conventional Lenses. The useful area of the image orthicon target is
such that the image focused on the photocathode should be rectangular in
shape and with a diagonal of 1.6 in. The aspect ratio is 4:8 corresponding
to television standards (see Table 1-1). Consequently, the width of the
rectangle is 1.28 in. and the height 0.96 in. Fortunately, the image orthi-
con tube can accommodate a wide variety of lenses since the photo-
cathode surface is within approximately g in. of the front surface of the
tube. This permits the use of a very short focal lens for wide-angle
coverage.

TasLe 2-1. TypicarL LENsEs FOR IMAGE ORTHICON CAMERAS

i Angular field of view (degrees)
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* The nomenclature used conforms with markings on the lenses; i.c., smaller focal-
length lenses are commonly rated in millimeters, larger ones in inches.

Because of these factors, the image orthicon television camera can make
use of many of the excellent lenses that have been designed for miniature
photographic camera use. These lenses vary in size from the short-focal-
length wide-angle lenses to the long-focal-length telephoto lenses. In the
smaller sizes at least, these lenses are light in weight and lend themselves
readily to turret operation. In addition, special lightweight lenses have
been built for television service with focal lengths of 20 in. and more,
having apertures as large as /5 and weighing only 3 1b or so.

A representative list of the conventional-type lenses available for use
with the image orthicon camera is given in Table 2-1. In this table the
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focal length of some lenses is given in millimeters while that of others is
in inches. This may seem confusing but it is in keeping with common
practice and, in fact, is in keeping with the actual markings on the lenses
themselves.

Many of the lenses are equipped with an adjustable iris, and the lens
speed shown is for maximum aperture opening. The horizontal and the
vertical fields of view are given on the basis of the lens being focused to
infinity. The horizontal angular field of view is of great importance for
both field and studio pickup work. The vertical angle, however, is of
interest primarily for field work where very high viewing angles may be
encountered (e.g., from a location high up in an athletic field grandstand
or from the balcony of a sports arena ).

Special Lenses. In addition to the conventional type of lenses, there are
also available for use on image orthicon cameras several especially de-
signed lenses. One of these is the Zoomar which is a special-effects lens
whose focal length (and consequently the picture area covered) is con-
tinuously variable over an appreciable range by manipulation of a single
push-pull lever which operates from the back of the camera. One Zoomar
lens has two operating ranges, one extending from 38 in. (75 mm) to 13 in.
and the second extending from 5 in. (125 mm) to 22 in. The maximum
speed of the lens when used for focal lengths up to 12 in. is f/5.6. Above
12-in. focal length, the full aperture should not be used. The highest
recommended speed is f/8. For any focal length, the lens can be stopped
down to f/22 if desired.

The over-all length of the lens is 30 in., and it weighs 11 Ib. Because of
its length, other lenses cannot be mounted on the same turret with the
Zoomar since it would extend into their field of view. A special turret is
supplied for the Zoomar with the focusing control extending back through
the turret axis and thereby becoming available to the operator at the rear
of the camera.

The resolution of the Zoomar lens is dependent upon the iris opening
employed. When stopped down to f/18, there is little difference in defi-
nition between the Zoomar and a conventional lens. At f/11, however,
the definition is reduced to about 90 per cent that of a conventional lens,
and at /8 to perhaps 80 per cent. When used wide open at f/5.6, the
definition is approximately 75 per cent of that of a good conventional lens.
Comparison of these figures with those given in Table 2-1 for conventional
lenses indicates that the Zoomar is materially slower than single-focal-
length lenses.

The longest focal-length lens that has been made available specifically
for television applications is the Video Reflectar lens which has a focal
length of 40 in. (Fig. 2-4). This unit is actually a lens without lenses.
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Fic. 2-4 The Video Reflectar lens, shown in the upper or working position of the lens
turret, is the longest focal-length lens (40 in.) in regular television service. The in-
genious optics employed in this lens to keep its over-all length to 16 in. while provid-
ing a 40-in. focal length are detailed in the insert.

It employs one aspherical and three flat reflectors to obtain the desired
result. A conventional lens of this focal length would be at least 40 in.
long and weigh in the neighborhood of 40 Ib. The Video Reflectar, how-
ever, is only 16 in. long and weighs 6 Ib. The speed of the lens is f/8.
A highly specialized lens of this type, while indispensable in some circum-
stances, has limited general usefulness. Its prime field of application is, of
course, for outdoor pickups where the camera may necessarily be located
at rather great distances from the scene of action. In any event, lenses
with very long focal lengths require an exceedingly steady mount when
used. Furthermore, relatively slow and very smooth panning procedures
must be followed.

Lens Focusing. For all conventional lenses, optical focusing is accom-
plished in a television camera by the novel method of moving the image
orthicon tube back and forth, together with its focus and deflection-coil
assembly, instead of by motion of the lens as in standard photographic
practice. The advantage of the system is the great simplification of the
lens turret which needs only carry the lenses in a fixed plane rather than
having to provide for their back-and-forth movement. Another important
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advantage is the increased range of focus obtainable when lenses with
individual focusing mounts are used. Under these circumstances the total
available relative motion between lens and photocathode is the sum of
the individual motions. This increases the range of camera-to-object dis-
stances over which correct focus can be obtained. In fact, with any of
the lenses listed in Table 2-1, the camera can approach to within 1 ft of
an object and still bring it into focus.

2-3. Camera Circuits. It is the usual practice to include the picture-
signal preamplifier and the horizontal- and vertical-deflection circuits in
the camera in order to reduce the number of major units required for a
complete television camera system. Furthermore, to make it possible to
operate the camera at the end of a long cable, it is necessary to locate these
circuits either in the camera or in an auxiliary unit immediately adjacent
to it. By locating the deflection circuits and perhaps part of the video
amplifier in an auxiliary unit, it is possible to keep the size and weight of
the camera to a minimum. This arrangement, however, tends to compli-
cate the system by increasing the number of equipment units, the number
of connecting cables, and the time and effort in setting up, dismantling,
and transporting the equipment. In field pickup service, this last factor is
of particular importance. Furthermore, in studio operation it is not un-
common to move a camera 100 ft or more in going from set to set during
the course of a production. Under these circumstances, an auxiliary unit
that could not be a corresponding distance away from the camera itself
would have to be carried along on the pedestal or dolly supporting the
camera. For all these reasons, there are included in the camera as many
of the associated circuits as are required to minimize the difficulty of
operating the camera at the end of a long cable.

The circuits in a typical image orthicon camera include:

a. Picture-signal preamplifier for increasing the picture-signal output of
the image orthicon tube to a suitable level for transmission to a
camera-control unit,

b. Horizontal shading control for elimination of unwanted shading.

c. Blanking circuits for mixing, clipping, and amplifying horizontal and
vertical driving pulses for application to target screen as blanking
signals.

d. Horizontal-deflection circuits for increasing the amplitude of the
horizontal driving pulses and generating horizontal saw-tooth wave-
forms for the image orthicon scanning-beam deflection.

e. Horizontal damper circuit for utilizing the reactive currents in the
secondary winding of the horizontal-deflection transformer and in
the horizontal coil of the deflection yoke,
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f. Vertical-deflection circuits for increasing the amplitude of vertical
driving pulses and for generating and amplifying the vertical saw
tooth for the image orthicon scanning-beam deflection.

g. High-voltage power supply for generating the high voltage neces-
sary for the operation of the image orthicon tube.

In the following paragraphs a description of the operation of each of
these circuits is given for a typical image orthicon camera.

Picture-signal Preamplifier. The picture-signal preamplifier circuit
shown in Figs. 2-5 and 2-6 is typical of those found in image orthicon
cameras. It is an eight-stage resistance-coupled video amplifier with
shunt peaking in the plate circuit of each of the first four stages and a
feedback loop applied around the last four stages. The complete ampli-
fier is capable of nominally uniform output up to about 8 Mc. The final
stage serves to transmit the picture signal over a coaxial cable to the
camera-control unit and to provide a signal for operation of the electronic
view finder which is commonly used with the camera.

Resistance-capacitance high-frequency peaking circuits are employed
in the cathode circuits of the second and third amplifiers in order to pro-
vide a means for equalizing the poor high-frequency response that is
introduced by the coupling circuit between the output of the image
orthicon tube and the input of the picture-signal amplifier. Variable re-
sistors associated with these high-frequency peaking circuits permit adjust-
ment of the over-all response in two independent steps.

The picture-signal amplifier is designed to operate into an effective load
impedance of 50 ohms and to supply a black-negative picture signal of
0.4-volt peak-to-peak amplitude. In addition, it supplies a 1.0-volt
peak-to-peak signal to the electronic view finder.

Shading Control. As explained in Sec. 2-1, Electron-multiplier Section,
it is inherently characteristic of the image orthicon for the picture to con-
tain some horizontal shading even when all potentials on the image
orthicon tube are set for an optimum picture. To nullify this effect, a
saw-tooth voltage at horizontal frequency is fed from the horizontal output
transformer to the input of tube V101. This circuit includes a horizontal
shading potentiometer which controls the amplitude and polarity of the
compensating saw-tooth voltage. When the shading control is properly
set, the injected voltage is of the same value but is 180 degrees out of
phase with the unwanted picture shading.

Blanking-pulse Amplifier. The blanking signal for the image orthicon
tube is derived from horizontal driving signals from the camera-control
unit which are applied to the grid of the blanking mixer tube V5B and
from a portion of the vertical output (from tube V2) which is differenti-
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ated and applied to the cathode of tube V5B. Thus, horizontal and verti-
cal driving pulses are combined in mixer tube V5B, from which they are
applied to blanking amplifier V5A. Here, in addition to being amplified,
the pulses are clipped before being applied to the target-blanking output
tube V4A. The output of this cathode-follower stage is then coupled to
the target screen of the image orthicon tube. By preventing the beam
electrons from reaching the target during retrace periods, this blanking
signal ensures that no retrace lines will appear in the reproduced picture.
Also, since no beam electrons reach the target during these periods, all
beam electrons return to the signal multiplier and thus provide a reference
potential which corresponds to black level.

Horizontal-deflection Circuits. Horizontal driving pulses from the cam-
era-control unit are applied to the grid of the horizontal driving-pulse
amplifier V8B. The output of this tube, in turn, drives the saw-tooth gen-
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Fic. 2-7. The use of a special camera-blanking signal (top) that is shorter in duration

than the standard blanking pulse (bottom) provides a means for coping with the dif-
ference in delay of picture signals from both near and distant cameras.
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erator tube V8A. The resulting saw-tooth signal is applied to a parallel-
connected dual triode V9 which serves as a phase splitter. An output
signal obtained from the cathode circuit of the phase splitter operates the
horizontal driver tube V11 while a signal obtained from the plate circuit
of V9 simultaneously drives the horizontal damper tube V13. Both the
horizontal driver tube V11 and the horizontal damper tube V13 supply
deflection current to the horizontal-deflection coils (of the image orthicon
tube) through a suitable horizontal output transformer.

The horizontal retrace period is made about 10 per cent of a horizontal
scanning period, in order to avoid the necessity of compensating for the
delay in long camera cables. The standard horizontal blanking width is
16.5 per cent of a horizontal scanning period (see Sec. 1-8). The differ-
ence between this latter value and the retrace time in the camera is 6.5
per cent or 4.1 microseconds. This is slightly in excess of the time re-
quired for a round trip (2,000 ft) in a 1,000-ft coaxial cable, the maxi-
mum length with which it is intended that the equipment be operated.
Under these circumstances, when standard blanking pulses are applied to
the picture signals, they will “cover” the retrace time of all cameras
whether they are at the end of 1,000-ft cables or at the end of very short
cables, as shown in Fig. 2-7.

Horizontal Damper Circuit. The function of damper tube V13, men-
tioned above, is to utilize the reactive currents in the secondary winding
of the horizontal output transformer and in the windings of the horizontal-
deflection coils. During trace time, the magnetic field builds up in the
transformer, and current is fed to the yoke because of the increasing plate
current of V11, in response to the saw-tooth input from tube V9. At the
end of the saw-tooth voltage input to V11, the tube is cut off. The mag-
netic fields built up in the transformer and deflection coils then collapse
rapidly and induce a high-voltage surge across the transformer.

Normally, the circuit will tend to oscillate at a frequency determined
by the inductance and distributed capacitance. During the first half cycle
of oscillation, the surge of voltage across the yoke and damper tube is
negative, so that the damper tube is nonconductive. However, at the end
of the half cycle the voltage reverses and becomes positive. At the same
instant the oscillating current reaches a negative maximum. However,
the damper tube starts to conduct current, prevents continuation of the
oscillation because of its low impedance, and passes the current through
the deflection coils in a manner determined by the voltages applied to the
control grid and plate. Thus, during the first part of the scanning period,
the damper tube supplies current derived from the energy in the magnetic
field during the previous scanning period while horizontal driver tube V11
is controlled so that it supplies very little current to the yoke. On the
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other hand, during the latter part of the scan, the damper tube supplies a
relatively small fraction of the current, and horizontal driver tube V11
contributes a major portion. The useful current in the yoke is the alge-
braic sum of the two currents.

Vertical-deflection Circuits. Vertical driving pulses from the camera-
control unit are applied to the cathode of the vertical saw-tooth generator
tube V4B. The resulting saw-tooth output voltage is then amplified by
both sections of the dual triode V3 and by the vertical output amplifier
tube V2. It is then applied to the vertical-deflection coils associated with
the image orthicon tube via a suitable output transformer. Negative
feedback is employed in the vertical-deflection circuit, as illustrated, in
order to achieve two important things; it eliminates almost entirely (a) the
effect of iron saturation in the vertical output transformer core and (b)
any nonlinearity in the saw-tooth amplifiers.

Image Orthicon Protection Circuit. In order to prevent damage to the
target of the image orthicon tube in the event of a failure of either the
vertical- or the horizontal-deflection circuit, a protection circuit is incor-
porated in the camera. The circuit consists principally of tube V6 and an
associated relay which, in an energized condition, connects the cathode of
the image orthicon to its normal ground circuit; but when the relay
becomes deenergized the cathode of the image orthicon is biased at a
sufficiently high positive potential (75 to 125 volts) to prevent electrons
from reaching the target. Energy to operate the relay is obtained from
tube V6, which has rectified vertical-deflection pulses applied to its con-
trol grid and horizontal-deflection pulses to its suppressor grid. The tube
is operated in a manner such that plate current can flow (and hence the
protection relay operates) only when both vertical- and horizontal-deflec-
tion pulses are present.

2-4. Electronic View Finder. In the past, television cameras have been
equipped with a wide variety of view finders, ranging from two ordinary
screwheads used as rifle sights, through wire frames and double-lens sys-
tems to electronic finders in which the scene is reproduced on small pic-
ture tubes mounted beside or above the cameras. Each type has advan-
tages, and no one type has all the desired characteristics.

In the image orthicon camera, the ground-glass, double-lens type of opti-
cal finder becomes completely useless when the equipment is used under
low-intensity lighting conditions. This results from the fact that the
image orthicon can operate with such low illumination that the optical
image on a ground-glass screen is practically invisible. Thus the elec-
tronic view finder is the only type capable of indicating both focus and
the outline of the scene. It has two distinct advantages over the optical
system: (a) it is entirely free of parallax errors, and (b) it provides an
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erect image where a single-lens direct optical finder provides an inverted
image. The electronic view finder has a disadvantage in that it cannot
include anything outside of the televised scene. However, to assist in
bringing the camera to bear on the general area of interest, a ring sight is
sometimes used on top of the camera.
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Fic. 2-8. Schematic block diagram of the video amplifier, scanning and high-voltage
circuits employed in the electronic view finder associated with an image orthicon
camera.

The view finder designed to be used with the image orthicon camera
generally employs a flat-faced 5- or 7-in. picture tube with perhaps 7 to
10 kv on the ultor or second anode. This arrangement provides a picture
with sufficient brilliance to be seen readily even with considerable ambi-
ent light falling on the face of the picture tube. The view finder is usually
constructed as a separate unit to be mounted on the top of the camera.
The two units are styled to appear as a single unit when assembled
(Fig. 2-4).

In the following sections the pertinent details of a typical electronic
view finder are described. A block diagram of the circuits used in a unit
of this type is shown in Fig. 2-8, and the corresponding schematic wiring
diagram is given in Fig. 2-9.



“RISWIED UODIYHO 95BW] UL I0J IOPUY MOIA DIUOIPS[O UT JO WeISeIp JMINY "6—F DI

3715 YoH
+o||o._|m. * X
1b0 L& . L
LE =
. = = s o= o X
CUvINIY = . = 1= z Z o Ez(%n:
1082+ W Hn P o 2
¥OL¥IND3y 0 = = L
a7 39V 1108 < 3 .
o AoSi+ = - ) s e i
. WRO0! uﬂ\u 2 S bA 03% g’ WINOZHOH
= 1B o H —T 1o
g LN R T =57 g3 Mo urei £
T ONIINVYG HOH P ELL L1 130 50K u»- HOH N3O 1S H0R
Sy ¢ =
Wl | =
govg 2 NN 8 408 1
. . Ty B
= ¥l = \bll . .
INIINY I / - =
25 LiEies il |
2 : ‘- N M40
8 zo_mw_mwg U~ 4S9 WHLHI
= o~ dn TRLAO F43A ; Lt
I o = cwsZ ot | W43 Y THIA e
= l =
Ll = wgs.%ww_s =0 TR
HOLYYGIALLTTN prvvs
NINYIE 143N N A
(=3
H E 3
=S SN Ss
2% -HIEES= |2 [=
%08 = . 22
DS wai
:w,w: oeor 1ngnt
vl ¥SbIpY 030t
3801 0080 dNY 0301 IS
2119
0311033y

K082+

49



50 THE IMAGE ORTHICON CAMERA [Sec. 2—4

Picture-signal Amplifier. A two-stage video amplifier is used to drive
the picture tube in the electronic view finder. The camera picture signal
(approximately 1-volt, peak to peak, black-negative) is applied to a gain
or “contrast” control and then to the grid of the first picture-amplifier
tube V1. Series-shunt frequency-compensating networks are included in
the plate circuits of both tubes. The d-c portion of the picture signal is
restored at the grid of the picture tube by the keyed clamper V4. Thus,
a-c and d-c components of the picture signal are fed to the grid of picture
tube V19.

Blanking-pulse Circuits. The blanking signal that is required for the
proper operation of the view-finder picture tube is derived from 2-volt
peak-to-peak vertical and horizontal driving pulses that are obtained from
the camera-control unit. In both instances the driving pulses are first
amplified (by tubes V10A and V13A, respectively, for the vertical and the
horizontal driving pulses), differentiated, and then clipped (by tubes
VYA and V5A, respectively) to remove the unwanted negative portion of
the resulting waveforms. The vertical-frequency pulse is then clipped
again by V9B, after which it is employed to trigger the monostable verti-
cal blanking multivibrator employing the dual-triode tube V8. The
horizontal-frequency pulses, without benefit of additional clipping, are
employed in an analogous manner to trigger the horizontal blanking
multivibrator V7. The outputs of the two multivibrators are clipped indi-
vidually (by blanking clipper tubes V6A and V6B, respectively) and com-
bined in a common load resistor. The composite horizontal and vertical
blanking signal is then clipped by tube V5B and applied to the grid of the
blanking output tube V3. The blanking output signal from tube V3 is
combined with the output of the picture-signal amplifier (see above), and
both signals are fed to the control grid of the picture tube.

Vertical-deflection Circuits. The output of the vertical driving-pulse
amplifier V10A, mentioned in the preceding paragraph, is also employed
to drive the vertical saw-tooth generator V10B. The vertical-deflection
signal thus generated is then applied to the three-stage amplifier consist-
ing of the dual triode V11 and triode V12, after which it is coupled to the
vertical-deflection coils of the picture tube via a suitable transformer. A
feedback loop extending from the output of the transformer to the cathode
of saw-tooth amplifier V11A is effective in correcting for nonlinearities
caused by tube operation or by iron saturation in the output transformer.

Horizontal-deflection Circuits. The output of the horizontal driving-
pulse amplifier V13A, mentioned previously, is used to trigger the hori-
zontal saw-tooth generator V13B. In turn the output of this tube is ampli-
fied by V14 and then applied to the horizontal-deflection coils associated
with the picture tube of the view finder.



Sec. 2-5] CAMERA-CONTROL UNITS 51

A portion of the output of horizontal output tube V14 is also used to
generate the high voltages required for the focusing anode and for the
ultor (second anode) of the picture tube. An autotransformer (which
also incorporates rectifier ilament windings) is used to step up the output
voltage of V14 before applying it to the ultor rectifier V16. By this means
a d-c potential of 11 kv is obtained for application to the picture-tube
ultor. Rectifier V15, on the other hand, is supplied with a lower input
voltage and develops a d-c potential of 2 kv for application to the focusing
electrode of the picture tube.

2-5. Camera-control Units. The operations, not undertaken in the
camera itself, necessary to the formation of a complete composite televi-
sion signal (picture signal plus blanking plus synchronizing pulses) are
performed in a camera-control unit. After the picture-signal output of the
camera has received its initial evaluation by means of the electronic view
finder associated with the camera, it is necessary to subject the signal to
further monitoring as well as to add the other components of the com-
posite signal. The camera-control unit, therefore, includes circuits and
controls to perform the following functions:

a. Amplification of the picture signal to the standard level required for
transmission on the outgoing video circuits.

b. Establishment and maintenance of the desired relationship between
the peaks of the blanking pulses and the true black level, i.e., restora-
tion of the d-c¢ component.

c. Addition of horizontal and vertical synchronizing pulses in cases
where only one camera is in use. In more complex systems, this
function is necessarily performed in the switching system (see
Sec. 3-2, Synchronizing-signal Amplifier, and Sec. 6-7).

d. Monitoring of the picture quality, on both picture and waveform
monitors, to check the accuracy of optical and electrical focus in the
camera and the quality of the over-all performance of the camera
chain.

e. Monitoring of the picture signal for adherence to standard video
transmission practices.

f. Remote controlling of the electrical focus and the other parameters
involved in the operation of the image orthicon camera.

From a consideration of these functions, it is apparent that the camera
control is necessarily a complex unit, for it includes all the circuits and
components found in that part of a television receiver which follows the
second detector, also those required for a wide-band cathode-ray oscil-
loscope, and in addition, amplifiers, special circuits, and controls required
for operation of the camera.
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Two general types of camera-control units are often employed: one for
permanent or fixed installations (Fig. 6-4) and the other for field or tem-
porary installations (Figs. 2-10 and 3-2). Both the studio and field types
perform the same basic functions although not necessarily in the same
way. The auxiliary functions performed by each unit also differ to some

Fic. 2-10. This portable camera-control unit features a means for opening and clos-
ing by remote control the iris of the lens that is in use on the camera associated with
the control unit. An indicating instrument on the control panel (as well as a similar
one on the cameraman’s side of the camera) shows the lens opening in use at any
given moment. (Courtesy of General Precision Laboratory, Inc.)

extent. Physically, the portable-type units are compact and convenient
in size for handling in the field, but the controls are sometimes crowded
and not always in the position which makes for maximum ease of opera-
tion. These latter inconveniences are not serious, however, and are com-
pletely overshadowed by the need for having available equipment that
is small and light enough to be handled by one man in the field.

The permanent type of camera-control units can, within limits, afford
as much space, size, and weight as justified in the interests of arranging
the controls so that they may be operated for long periods of time without
fatigue, arranging the equipment for easy installation and maintenance
and providing picture and waveform monitoring facilities that are in keep-
ing with the needs of television studio program production.
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All major operating controls on portable-type units are mounted on the
front panel which also has openings for the picture and the waveform
monitor tubes. Additional controls that require adjustment during initial
setup are often contained in a small covered compartment in the top of
the unit. A block diagram and a schematic circuit diagram are given in
Figs. 2-11 and 2-12, respectively, of the typical portable camera-control
unit shown in Fig. 3-2. The manner whereby these circuits accomplish
the functions of a camera-control unit enumerated above is described in
the following paragraphs.

Picture-signal Amplifier. The picture-signal amplifier consists of an
eight-stage frequency-compensated video amplifier. A black-negative
picture signal of 0.4-volt peak-to-peak amplitude from the camera picture-
signal preamplifier (see Sec. 2-3, above) is applied to the grid of the first
picture-amplifier tube V1 through a gain control. Amplification of the
picture signal first takes place in tubes V1, V2, V13, V6, and V7A in the
order named. The signal is clamped at the grid of V13 by the first picture
clamper tube V3, at the grid of V6 by the second clamper V5, and at the
grid of V9 by a third clamper V8. Final amplification of the picture sig-
nal is then undertaken in a three-tube feedback amplifier comprised of
tubes V9, V15, and V18. Two outputs are obtained from the cathode of
the output amplifier stage, V18, through individual 75-ohm isolation
resistors.

With the aid of peaking coils in the first five amplifier stages and the
use of feedback over the last three stages, the picture-signal amplifier
described is capable of substantially uniform response over the band of
frequencies up to 8 Mc. It is capable of delivering a 1.4-volt peak-to-peak,
black-negative signal to two 75-ohm resistive loads.

For most applications, several camera chains are used and their respec-
tive outputs applied to a switching unit to provide means for selecting
between the various cameras. Under these circumstances, the synchro-
nizing signals that are necessary to form a standard composite waveform
are added to the picture signal in the switching unit. In those instances
where only one camera is in service the output of the camera-control unit
may be transmitted directly to the remainder of the broadcasting system.
In this case, however, the requisite synchronizing signals must first be
added to the picture signal. In the camera-control unit illustrated, this
may be accomplished by applying combined horizontal and vertical syn-
chronizing pulses to amplifier tube V16B, the output of which is clipped
by tube V16A and then combined with the picture signal in the cathode
circuit of feedback amplifier tube V9. A potentiometer control provides
means for adjusting the amplitude of the synchronizing pulses to the
prescribed value.
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Transfer Characteristic Control. When operated in the vicinity of the
knee of its transfer characteristic curve (see Fig. 2-14), the output of an
image orthicon camera tube is not directly proportional to its input.
Rather, the output increases at a slower rate than does the input, and
since this would occur for the highlights of a scene, the process is termed
“white compression.” To a degree, this effect may be corrected by causing
the normally linear transfer characteristic of the picture-signal amplifier
to curve in an opposing direction to that of the image orthicon. Thus, the
compressed white signals may be “stretched” and a somewhat greater con-
trast range obtained.

In the black or shadow region, on the other hand, picture tubes nor-
mally show some compression. In this instance the use of black stretch-
ing circuits will correct for this phenomenon to some extent and contribute
further to a greater over-all contrast range. In practice, the successful
application of transfer characteristic control circuits depends upon a num-
ber of contributing factors including (a) the contrast range of the scene
being televised, () the amount of lens flare and other phenomena that
degrade the contrast range, {c) the effect upon the signal-to-noise ratio,
and (d) the transmission capabilities of the broadcasting or recording
system involved.

In the picture-signal amplifier described above, tube V6 with the aid of
supporting circuits employing crystals CR3 and CR4, provides means for
modifying the inherent transfer characteristic of the image orthicon cam-
era tube. This is accomplished by varying, independently, the curvature
of the top and bottom portiens of the amplifier’s transfer characteristic.
Switches S2 and S3 permit the application of white and black stretch
(a) together, (b) independently, or (¢) not at all. In addition, potenti-
ometer controls permit separate adjustment of the degree of curvature
introduced at the white and the black ends of the transfer characteristic
of the picture-signal amplifier.

Successful operation of the transfer characteristic control circuit re-
quires that picture signals of a given amplitude always be located at the
same point on the operating characteristic of the transfer-modifying ampli-
fier V6. This is accomplished by clamping the signal on a line-to-line
basis at the grid of V6 by means of clamper tube V5.

Blanking-pulse Shaper and Clipper. Blanking pulses (Fig. 1-3b) are
added to the picture signal (Fig. 1-3a) by combining both signals in a
plate load resistor that is common to picture amplifier V2 and to blanking-
pulse shaper V12B. The resulting signal has the general appearance of
that shown in Fig. 1-3c. Any spurious signals riding on the top of the
blanking pulse are then clipped off by blanking clipper V4, which is
located between the third and fourth picture-amplifier stages.
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Fic. 2-12a. Circuit diagram of the picture-signal amplifier, the horizontal and

vertical shading amplifiers, the transfer characteristic control, and the clamper portions
of the field-type camera-control unit whose schematic block diagram is shown in Fig.
2-11. In addition, the several operating controls that determine the potentials applied
to the various elements of the image orthicon camera tube are shown at the lower left
pertion of the illustration. These include (¢) an image-focus potentiometer whose
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adjustment determines the potential of the photocathode in the image orthicon, (b)
the target control for adjusting the exceedingly important target-screen potential, (¢)
the orth-focus potentiometer which determines the operating potential of the orthicon
beam focus grid No. 4, (d) the multi-focus control for adjusting the voltage applied
to the multiplier grid No. 3, and (e) the “beam” potentiometer for adjustment of
the critical potential of the beam-control grid No. 1.
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The blanking-pulse shaper, V12, is driven by blanking pulses derived
from an associated synchronizing waveform generator. The shaper serves
to decrease the rise time of the pulses anda clips off any spurious signals
riding on their tops. Thus, clean-cut blanking pulses are available for
addition to the picture signal.

D-c Insertion. One stage of the video amplifier, V13, performs the very
important function of establishing a definite relation between reference
black and the blanking level. To do this, the control grid of V13 is
clamped at the end of each scanning line to an arbitrary reference poten-
tial. Because the target in the image orthicon is blanked during the scan-
ning retrace (i.e., made sufficiently negative to repel the scanning heam,
as explained in Sec. 2-8), the picture signal from the camera during this
retrace period is fixed with respect to reference black, even though it may
vary continuously with respect to an arbitrary fixed potential because of
the addition of hum, power-supply surges, or other spurious signals. The
clamping action serves to set up a fixed relationship between the actual
camera black level during the retrace periods of the picture signal and
the arbitrary fixed value by connecting the control grid mentioned above
to the fixed potential through a very low impedance. At all times, except
during the retrace periods, the grid is disconnected from the fixed poten-
tial and thus is free to follow the normal variations in the picture
signal.

A double diode, V3, is utilized in a clamp circuit to hold, or clamp, the
grid of tube V13 at the desired level. The clamp circuit establishes the
peaks of the incoming camera blanking pulses at a definite point below
cutoff on the clipper tube (V13) characteristic. A potentiometer control
provides a means for setting the control grid of picture amplifier V13 at
the proper level during the blanking periods in the picture signals.

An important by-product of this clamping action is the elimination of
the low-frequency components of any spurious signals, provided they do
not have sufficient magnitude to cause amplitude modulation in any pre-
ceding stage. Hence, the clamp circuit removes power-supply surges and
low-frequency hum and minimizes microphonics. In fact, it limits the
amplitude of any spurious additive signal to the amount which occurs in
the period of one scanning line.

Clamper Keying Pulses. The horizontal-rate keying pulses that are
necessary for driving the picture-signal clamper tubes V3, V5, and V8, and
the picture-monitor clamper V37, are developed from horizontal driving
pulses obtained from a synchronizing waveform generator. These pulses
are applied to the grid of clamping-pulse generator V23A. The plate cir-
cuit of this tube contains an inductance-capacitance circuit that is shock-
excited by each driving pulse. The negative portion of the resulting
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transient waveform is clipped off by a crystal diode, but the positive por-
tion is applied to a cathode-follower stage, V22A. The output from this
tube is used to key the picture-monitor clamper V37 and also to drive a
second cathode follower, V22B. With the aid of a clamping-pulse output
transformer, this latter tube supplies both positive and negative keying
pulses for picture-signal clampers V3, V5, and V8.

Horizontal and Vertical Shading. Provisions are made in the camera-
control unit described for the generation and insertion of hoth horizontal
and vertical shading signals, the former supplementing those applied in
the camera itself (see Sec. 2-3, Shading Control). To generate the hori-
zontal shading signals, negative horizontal driving pulses of approximately
4-volt peak-to-peak amplitude from a synchronizing waveform generator
are applied to horizontal pulse amplifier V34B. A portion of the output
of this tube is employed to drive horizontal saw-tooth generator V384,
the output of which is applied to the grid of horizontal saw-tooth ampli-
fier V11A. The amplified saw-tooth waveform from this latter tube is
applied to horizontal shading amplifier V10 through an adjustable potenti-
ometer in a manner such that both the amplitude and the polarity of the
shading signal may be varied until it is equal in amplitude but opposite in
phase to any spurious horizontal saw-tooth signal that may be present.
Thus, spurious signals of this type may be canceled out.

Horizontal pulse amplifier V34B also feeds a horizontal-drive output
amplifier stage, V34A. This tube supplies the horizontal driving pulses
required for operation of the camera, as explained in Sec. 2-3, above.

Vertical shading signals for use in the camera-control unit and vertical
driving pulses for the camera itself are derived from vertical driving pulses
in a manner similar to that just described for horizontal-rate pulses. The
circuits and tubes employed for the vertical-rate signals may be traced
with the aid of Figs. 2-11 and 2-12.

Picture Monitor Circuits. The deflection circuits for the 7-in. aluminized
picture tube employed in the portable camera-control unit described are
of the driven type and similar to those used in the camera itself. Approx-
imately 4-volt peak-to-peak, negative vertical driving pulses are amplified
by V31B. A portion of the output of this tube is employed to trigger saw-
tooth generator V23B. Both triode sections of tube V30 are connected as
a cascade resistance-coupled amplifier to increase the saw-tooth pulse
level from V23B to the proper driving level for vertical output amplifier
tube V29. The output from this latter tube is then coupled to the vertical-
deflection coils of the picture-tube yoke through a suitable transformer.
Feedback is applied from the output of this transformer to the cathode
circuit of amplifier V30A and serves to correct for nonlinearities intro-
duced by the amplifiers or the transformer within the feedback loop.
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The horizontal-rate deflection waveforms for the monitor picture tube
are derived from a portion of the output of the horizontal saw-tooth genera-
tor, V38A, mentioned in the preceding section. This signal is applied to a
horizontal saw-tooth phase inverter, V38B, which, in turn, drives horizon-
tal damper tube V40 from its plate circuit and horizontal driver tube V39
from its cathode circuit. The outputs from the plates of these two tubes
(V89 and V40) are connected to separate primary windings of a horizontal
output transformer, the secondary of which is connected to the horizontal-
deflection coils of the picture-tube yoke. Damper tube V40 provides con-
trol of deflection linearity and assures full utilization of the available
power.

Video signals for application to the grid of the picture monitor tube are
derived from a portion of the output of picture-signal amplifier V18. The
signal is coupled to the grid of picture-tube driver amplifier V35, the out-
put of which is applied to the grid of picture-tube output amplifier V36.
This amplifier stage drives the control grid of the picture tube V41. Res-
toration of the d-c component is accomplished at this point by clamping
the grid of the picture tube, on a line-to-line basis, with clamper V37.
This clamper is driven by clamper keying pulses obtained from cathode
follower V22A as described under Clamper Keying Pulses, above.

Waveform Menitor. In the process of producing a television signal, it
is essential to monitor both the amplitude and the waveform of the camera
amplifier output. This is customarily done by means of a cathode-ray
oscilloscope of more or less conventional design. In the typical unit whose
schematic block and wiring diagrams are given in F igs. 2-11 and 2-12,
respectively, signals for driving the cathode-ray oscilloscope are obtained
from a portion of the output of picture-signal amplifier V18. This sample
of the output signal from the camera-control unit is applied to the grid of
oscilloscope amplifier V25, the output of which is used to drive the push-
pull amplifier consisting of tubes V26 and V27, the latter obtaining its
input signal from the cathode of the former. The output of the push-pull
amplifier is then applied to the vertical-deflection plates of the 8-in.
cathode-ray oscilloscope tube V17. Restoration of the d-c component is
accomplished at this point with the aid of dual diode V28, in order to hold
the negative peaks of the signal at a fixed position on the screen of the
oscilloscope tube.

A very important adjunct in portable camera-control units is a built-in
source of standard voltage that can be used for calibrating purposes. In
the unit described two crystal diodes, CR6 and CR7, are employed in a
circuit which, with the aid of horizontal driving pulses, produces pulses
whose amplitude may be adjusted to a prescribed value with the aid of an
adjustable potentiometer and a plug-in microammeter. Switch S5 permits
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connection of the input of the oscilloscope amplifier either to this calibra-
tion voltage or to the output of the picture-signal amplifier.

The usual practice in waveform monitors is to provide means for select-
ing, at will, either one or the other of two horizontal scanning frequencies.
One of the two possible scanning frequencies is equal to one-half the tele-
vision horizontal scanning rate; the other is equal to one-half the vertical
scanning rate. With these two horizontal scanning rates available, the
cathode-ray oscilloscope may be used to display two cycles of either the
horizontal or the vertical impulses, as detailed in Sec. 16-1. These scan-
ning voltages are produced by a regulation saw-tooth generator, V20, the
control pulses for which are obtained from dual triode pulse amplifier
V19. Either horizontal or vertical driving pulses may be selected by
means of switch S4 for application to the grid of this two-stage cascade
amplifier. The former are employed to trigger the oscilloscope at one-half
the line rate while the latter are used for a one-half field frequency rate.
The saw-tooth output from V20 is applied to the grid of one section of
dual triode V21, which constitutes a push-pull amplifier. The second sec-
tion of this tube derives its driving voltage from the cathode circuit of the
first section. The output from this horizontal-sweep output amplifier is
applied to the horizontal-deflection plates of oscilloscope tube V17.

2-6. Image Orthicon Application. The image orthicon tube is ad-
mittedly a complex device. Consequently, in order to ensure proper
operation and optimum performance from the tube, attention must be
paid to a large number of details concerning its application. These
include:

a. Physical orientation limitations to guard against internal damage to
the tube.

b. Operating temperature ranges within which the tube will perform
satisfactorily.

c. Target-scanning precautions that must be taken to avoid premature

failure of the tube.

Dynode-spot limitations and their control.

Ion-spot detection and correction.

Retention of scene (picture sticking), avoidance and correction.

Moiré pattern, limitation and avoidance.

Resolution capabilities.

SR TS R

Operating Position. Image orthicons should preferably be operated in
positions that avoid the possibility of any loose particles in the neck of the
tube from falling down and striking or becoming lodged on the target.
Under these circumstances, it is recommended that the tube never be
placed in a vertical position with the base or multiplier end up and the
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image end down. As a matter of fact, the tube should never be placed in
any position where the axis of the tube makes an angle of less than 20 de-
degrees with the vertical. This recommendation does not present any
serious restrictions in television program production since exceedingly
high angle “bird’s-eye” views are very seldom encountered. Even when
called for, the 20-degree-from-vertical restriction is not severe since (ex-
cept for some very special need for an absolutely vertical shot) very high
angles can be obtained while still observing the recommended precaution.

It is important to note, however, that the precaution should also be
observed when the image orthicon is being handled during shipment,
when being installed in a camera, or when set aside for storage purposes.
The optically flat face at the image end of the tube presents a very inviting
surface upon which to rest the tube when it is set aside for one purpose or
another. Not only would such practice promote marring of this optical
surface, but it would also risk the possibility of loose particles falling on
the target.

Operating Temperature. The operating temperature of the target in
the image orthicon tube must be maintained within certain prescribed
limits if satisfactory performance is to be realized. Operation at too low
a temperature is characterized by the appearance, upon removal of the
light image focused upon the photocathode, of an afterimage which is of
opposite polarity from the original and which gradually disappears.
Operation at too high a temperature will cause loss of resolution because
of reduced lateral insulation resistance of the target. The temperature of
the target is essentially the same as that of the adjacent glass bulb, and
experience indicates that the latter should be maintained between 35 and
60° C (95 and 140° F) for satisfactory operation.

It is also important that no part of the bulb should run more than 5
degrees hotter than the target section to prevent cesium migration to
the target. Such migration will result in loss of resolution and in probable
permanent damage to the tube. Like other photosensitive devices em-
ploying cesium, the image orthicon may show fluctuations in perform-
ance from time to time. Rigid observance of the above recommenda-
tions with respect to operating temperature will not completely eliminate
these variations but will greatly improve the stability of the characteristics
during the life of the tube.

When the equipment design or operating conditions are such that the
recommended maximum temperature rating or maximum temperature
difference will be exceeded, provision should be made to direct a blast of
cooling air from the base or electron-multiplier end of the tube along the
entire length of the bulb surface, i.c., through the space between the bulb
surface and the surrounding deflecting coil and its extension. Any at-
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tempt to effect cooling of the tube by circulating even a large amount of
air around the focusing coil will do little good. On the other hand, a
small amount of air directly in contact with the bulb surface will effec-
tively drop the bulb temperature. For this purpose, a small blower is
satisfactory, but it should run at low speed to prevent vibration of the
image orthicon and the associated amplifier equipment. Unless vibration
is prevented, distortion of the picture may occur.

To keep the operating temperature of the large end of the tube from
falling below 85° C (95° F), some form of controlled heating should be
employed. Ordinarily, adequate heat will be supplied by the focusing
coil, deflection coils, and associated amplifier tubes so that the tempera-
ture can be controlled by the amount of cooling air directed along the
bulb surface. If, in special cases, a target heater is required, it should fit
snugly between the focusing coil and the bulb near the shoulder of the
tube. Target heaters are often included in the focusing-coil assembly
of image orthicon cameras.

In practice, after the operating voltages are applied to the image orthi-
con, and with the camera lens capped, V% to 1 hour should be allowed for
warm-up of the tube. Ordinarily, adequate heat will be supplied by the
focusing coil, deflection coils, and the associated amplifier tubes to bring
the image orthicon tube temperature within its operating range. How-
ever, when the weather is cold, the warm-up period may be materially
shortened by use of the target heater. Except under extremely cold con-
ditions, it is not recommended that the target heater be used for more
than about 5 minutes as excess heat may evaporate the cesium from the
photocathode and impair the performance of the tube.

During the warm-up period, it is important that the deflection circuits
be operating properly to cause the electron beam to scan the target. Asa
matter of fact, the deflection circuits should be adjusted so that the beam
will overscan; i.e., so that the target area scanned, both horizontally and
vertically, is greater than its sensitive area. This procedure during the
warm-up period is recommended to prevent burning on the target a
raster smaller than that used during regular pickup operations. Note that
overscanning of the image orthicon target creates a smaller-than-normal
display on the picture monitor. This results from the fact that, when over-
scanning, no picture information is transmitted during part of each scan
(in both the horizontal and the vertical direction). Consequently, with
the raster of the picture monitor adjusted to normal size, those areas cor-
responding to the no-signal portions of the image orthicon scan will be
blank in the picture-tube display.

Scanning of Target. The image orthicon target should always be
scanned to full size. This type of operation can be assured by first adjust-
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ing the deflection circuits to overscan the target sufficiently to cause the
corners of the target to be visible in the picture and then by reducing the
scanning until the corners just disappear. In this way, the maximum
signal-to-noise ratio and maximum resolution can be obtained. Full-size
scanning will also reduce the prominence of a beat pattern (see Moiré
Pattern, below ). If the target is underscanned for any length of time, a
permanent change of target cutofl voltage of the underscanned area takes
place, with the result that the underscanned area thenceforth is visible in
the picture when full-size scanning is restored.

In order to ensure full-size scanning of a camera-tube target at all times,
special monitoring procedures must be followed. It is not satisfactory,
for example, simply to adjust the size of the scan until the image seen on
a picture monitor just fills the area within the mask. The size of this
display is, of course, a function of the height and width controls in the
picture monitor and in this respect bears no relation to the size of the
camera-tube raster. On the other hand, by always displaying the four
corners of the picture produced by the camera tube, it is possible to deter-
mine precisely when the largest possible area of the target is being
scanned.

Most picture monitors associated with camera-control units, however,
employ a rectangular mask with rounded corners. If the picture display
on these tubes is adjusted to fill the area within the mask, then the corners
of the target are hidden from view by the rounded mask corners. There-
fore, in order to display the four corners of the picture and ensure full
scanning of the target, it is necessary to reduce the size of the display on
the picture monitor tube below that normally used; i.e., the raster must
be brought inside the rounded corners of the picture monitor mask, as
shown in Fig. 2-13.

Adjusting the size of the camera-tube scanning raster until a rectangular
display with square corners is obtained is not sufficient, in itself, to
ensure full-size scanning. As a matter of fact, any size of raster smaller
than the maximum possible will result in a square-corner display. There-
fore, in addition to observing the four corners, still another precaution
must be taken.

The actual shape of the target in a camera tube is round, and the rec-
tangular raster is normally located symmetrically within this area. If the
camera-tube target were to be grossly overscanned, the resulting display
on the picture tube would be a circle corresponding to the shape of the
target as a whole. On the other hand, if the scanning is made just a trifle
larger than the maximum possible for a truly rectangular raster, a small
portion of the periphery of the target will be seen in the corners of the
resulting display (see enlarged section of Fig. 2-13). The scanning raster
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formed by the monitor tube will be rectangular of course, but the display
in the roughly triangular area where the corresponding camera-tube raster
runs off the target will be a dark area. Therefore, to ensure that the
camera-tube raster is located symmetrically upon the circular target and
is of the maximum possible size, the size and the centering of the camera
scanning should be adjusted so that a minute portion of the periphery of
the target is seen in each of the four corners of the picture.

OUTLINE OF PICTURE MONITOR MASK
(CORNER RADIUS EXAGGERATED)

THESE AREAS
NOT UTILIZED

ORTHICON
TARGET

Fic. 2-13. Adjustment of the size of the display on an associated picture monitor, to
show the corners of the raster, aids in avoiding underscanning of the target of an
image orthicon.

Failure of the scanning for only a few minutes when light is incident
on the photocathode may permanently damage the surface of the target.
The damaged area shows up as a spot or blemish in the picture during
subsequent normal operation. Removal of the multiplier voltage will not,
of course, be of any assistance because the beam still will strike the target.
Removal of the photocathode voltage is only a partial solution because
light passes through the photocathode and strikes the target which, being
nearly always somewhat photosensitive, will charge up and allow the
beam electrons to land. The only positive method of preventing damage
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in the event of scanning failure is to bias off the target screen. This may
be accomplished by increasing the target-screen bias to at least —10 volts.
An automatic method of accomplishing this is to use a tube-actuated relay
which is controlled by a portion of the scanning-pulse voltage developed
across both the horizontal- and the vertical-deflection coils. It is impor-
tant that failure of either the horizontal or the vertical scanning pulse
results in the relay being actuated.

Another important precaution that must be observed in order to avoid
premature failure of image orthicon tubes concerns the peculiar effect
which may result when the beam of the tube is turned off (by biasing
grid No. 1 to approximately —120 volts) and the lens is capped. If a
tube is operated under these conditions for half an hour or more and the
beam is then raised to normal value without uncapping the lens, a white
cloud of charge becomes evident. In this cloud may be seen some bright,
sparkling points. Although the charge itself may disappear quickly, small
semipermanent white spots may be left on the target of the tube at the
points where the sparkling occurred. Unless the tube has been operated
a number of times or for a long time with the lens capped and the beam
off, these white spots will gradually disappear. In general, the better the
resolution of the tube, the more likely is this effect to occur. To avoid
this trouble, it is suggested that the beam be left at its normal operating
point when the lens is capped. If there is a possibility of losing scanning,
it is desirable to bias off the target screen in order to prevent damaging
the target.

Dynode Spots. The slight scanning of the first dynode by the returning
electron beam, as described in Sec. 2-1, Electron-multiplier Section, pre-
sents quite a serious problem in requiring that the dynode surface be
completely free from imperfections. The amount of the scan is perhaps
Y4 in. and, as a result, any blemishes or spots on the dynode will be magni-
fied manyfold in the final television picture. For example, when viewed
on a 16-in. picture tube, a dynode surface imperfection appears magnified
about 60 times. The system is, of course, a low-power electron micro-
scope. Incidentally, the aperture of the gun, which has a diameter of
about 0.002 in., is always present in the center of the dynode surface.

Fortunately, the dynode is usually not quite in focus for the best focus
of the target. In some instances, especially for dark, low-key scenes, it
may be necessary to defocus the picture very slightly in order to minimize
dynode spots. When this must be done, it will usually be found that, if
the potential of the orthicon beam focus grid No. 4 is reduced very slightly,
the spots will go out of focus rapidly whereas the picture focus is imper-
ceptibly affected. On the other hand, if the potential of this grid is in-
creased, both the picture and the spots go out of focus at about the same
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rate. A satisfactory compromise cannot be effected under the latter
circumstances.

Dynode spots (see Fig. 7-3a) are always most prominent in the dark
portions of a scene and, as a matter of fact, are the most severe limitation
on resolution in low-key lighting. The spots are always white, indicating
lower secondary emission from the areas where the imperfections are
present.

lon Spots. Occasionally, a white spot, which does not change in size
when the beam-focus voltage is varied, may be observed in the center of
the picture. Such a spot, especially if it is visible on the monitor with the
camera lens capped, is probably an ion spot. If the spot begins to grow
in size with continued operation of the tube, the tube should be removed
from service at once and returned to the manufacturer for reprocessing.
Continued operation of an image orthicon with an ion spot will eventually
damage the target permanently.

Retention of Scene. Retention of a scene, sometimes called a “sticking
picture,” may be experienced if an image orthicon is focused on a sta-
tionary bright scene for several minutes or if it is focused on a bright
scene before reaching operating temperature. Often the retained image
will disappear in a few seconds, but sometimes it may persist for long
periods before it completely disappears.

As mentioned in Sec. 2-1, Scanning Section, in a cycle of operation, the
charges remaining on the target after the beam has scanned it must be
neutralized by conduction through the glass target in the time interval of
one frame or %, second. Unless this occurs, a sticking picture, which
will be of opposite polarity to the original one, will be seen when the
original picture is removed and the camera focused on another scene.
The sticking properties of an image orthicon depend upon the thickness
and conductivity of the target glass and also the target-to-mesh spacing,
particularly when the latter is very close. With a close-spaced assembly,
the capacitance is larger and, consequently, the amount of charge to be
neutralized is greater.

The sticking problem places a top limit on the resistivity of the target
glass. On the other hand, in order to obtain good resolution the lateral
leakage must be kept as low as possible by the use of a high-resistance glass
and a glass target as thin as possible. Mechanical handling puts a lower
limit of about 0.0001 in. on the thinness of the target. These two contra-
dictory requirements are further complicated by the fact that, as with all
materials, the resistivity changes with temperature. Consequently, at low
temperatures, sticking becomes a problem, while at high temperatures the
loss of resolution must be faced.

To avoid retention of scene, image orthicon tubes must always be
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allowed to warm up properly as detailed in foregoing paragraphs. Fur-
thermore, the camera should never be permitted to remain focused on a
stationary bright scene for more than a few minutes. F inally, the amount
of illumination on the photocathode should be limited, by proper choice
of lens iris openings, to the amount necessary to obtain an excellent pic-
ture; more illumination than is necessary serves only to increase the possi-
bility of scene retention.

A retained image can sometimes be removed by flashing the target
with a beam of light or by focusing the image orthicon on a clear, white
screen and allowing it to operate for several hours with an illumination
of about 1 foot-candle on the photocathode. This value is equivalent to
50 to 100 foot-candles on the screen with an £/2.8 lens.

Moiré Pattern. The target mesh of an image orthicon tube is spaced
from the target by only a few thousandths of an inch at the most. Because
the mesh is so close to the target, it is nearly at the point of focus of the
scanning beam. As a matter of fact, if a wide-band amplifier is used, the
mesh can be seen by careful observation of the resulting picture on a
monitor tube. However, with the standard television bandwidth, it is just
noticeable. Nevertheless, the problem of a moiré pattern caused by
“beating” of the scanning lines with the lines of the target mesh does
exist.

The maximum number of wires in a target mesh of practical construc-
tion is approximately equal to the number of scanning lines in the stand-
ard television frame. As a result, the wires in the mesh (it is actually
produced by an electroplating process and has an equivalent wire diam-
eter of about 0.0004 in.) can beat with the scanning lines to produce a
low-frequency beat or moiré pattern. In practice, the possibility of this
happening is reduced to a minimum by mounting the mesh so that its
wires are at a 45-degree angle with the scanning beam. Yet, a moiré pat-
tern (sometimes called a “swirl”) may appear, particularly in large, highly
illuminated areas of the scene. These patterns, if they appear, can be
eliminated at a small sacrifice in resolution by slightly defocusing the
scanning beam (grid No. 4). At times, a slight change in the vertical
or horizontal size controls of the camera may be helpful in reducing the
moiré pattern effect. Finally, by scanning as large a part of the target as
possible so as to keep the picture height at a maximum, the beat pattern
can be minimized.

Resolution. When the photocathode highlight illumination from a test
chart (see Sec. 16-6) is above the knee of the signal-vs.-output curve, as
explained in Sec. 2-7, Photocathode Illumination, the image orthicon is
capable of producing a center resolution of the order of 600 lines in the
horizontal direction (vertical test wedge). The vertical resolution, on the
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other hand, is limited by the 525-line television standard. These values
of resolution are those obtained after optimum adjustments have been
made for all tube-operating parameters and are predicated on the associ-
ated video amplifiers and picture monitors being of adequate bandwidth
to support this value of resolution.

2-7. Image Orthicon Alignment. The problem encountered in operat-
ing image orthicon tubes is a measure of the complexity of the tube.
This complexity, however, makes it possible for the image orthicon to do
what other camera tubes cannot do. In addition to its good resolution, an
outstanding advantage of the tube is its exceptional sensitivity that enables
it to pick up scenes illuminated at very low light levels. This not only
extends the range of outdoor subjects that can be televised but also per-
mits a great depth of field in studio productions with light intensities that
are entirely reasonable. With a little training and experience, almost any-
one can obtain reasonably good pictures from image orthicon camera
equipment of good design. However, it takes considerable skill and the
touch of the expert to obtain the best possible pictures that these cameras
are capable of producing. For this reason the factors that go into making
the best image orthicon pictures are described in detail in the following
paragraphs.

Scanning-beam Alignment. Proper alignment of the scanning beam in
an image orthicon camera is one of the most important steps in obtaining
an excellent picture. Proper alignment is obtained when the resulting
picture as seen on a picture monitor tube merely goes in and out of focus
and does not rotate or swirl as the orthicon focus voltage (grid No. 4) is
varied about the best-focus position. An even more critical test is that of
observing the action of the dynode spots (which are most prominent with
no illumination on the photocathode) when the amplitude of the align-
ment-coil current and the direction of the magnetic field are varied. When
the alignment is correct, one of two things will happen: either the dynode
spots will change focus without changing their location on the screen, or
they will be astigmatic in appearance, becoming elongated in one direc-
tion for a value of orthicon focus voltage slightly less than normal and
elongated in another direction for a focus voltage slightly more than nor-
mal. The importance of obtaining the best alignment on the resolu-
tion, the signal-to-noise ratio, and the over-all picture quality cannot be
overemphasized.

Focus-coil Current. 1f the focus-coil current is changed, the alignment
may no longer be correct for the new operating condition. A fixed value
of current in the focus coil, which corresponds to the correct value of
magnetic field (e.g., 75 gauss) in the center of the focus coil, is usually
recommended.
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It is not good practice to attempt to adjust performance by varying the
focus-coil current as it leads to misalignment of beam, change in orthicon
focus voltage, and change in image focus voltage. This unduly compli-
cates adjustment procedures, offers no advantages, and should, therefore,
be avoided. One should keep in mind that a given focus field auto-
matically determines both the orthicon focus voltage and the image focus
voltage for an image orthicon tube. Manufacturing tolerances for image
orthicons can be held to such narrow limits that tubes can be switched in a
camera, and after alignment of the scanning beam, only small adjustments
of orthicon and image focus voltages are necessary to obtain optimum
focus conditions.

Beam Current. The adjustment of the beam current of the image
orthicon tube has an important bearing upon the picture quality. The
beam current, as it leaves the electron gun, is a direct current; ie., it
contains no signal modulation. In the process of scanning, electrons are
attracted to the target in sufficient quantities to neutralize the configura-
tion of charges that are created on the target by reason of light falling on
the photocathode. These are subtracted from the original scanning-beam
current, thereby modulating the returning beam and forming the picture
signal. This return beam, after considerable amplification by the electron-
multiplier section of the tube, flows through an output resistor and makes
available a video signal voltage.

It is evident, from consideration of this action, that in a black portion of
a scene all the scanning-beam electrons come back to the multiplier. In
the highlights, however, only a part of the electrons return as the others
are removed from the beam to neutralize the charge on the target. As-
sume, for a moment, that for a given picture the beam current is delib-
erately increased to a value considerably larger than necessary to neu-
tralize the highlight charge. For the black portions of the picture, all the
scanning electrons return to the multiplier. In the highlights, only a small
number of the total beam electrons are required for target discharge, the
remainder returning to the multiplier. Under these circumstances the
percentage modulation of the electron beam is low. On the other hand,
since beam noise is proportional to the square root of the beam current,
the noise will be relatively high. The net result is that, under these con-
ditions of operation, the signal-to-noise ratio for the picture is poor.

The obvious procedure for obtaining the highest signal-to-noise ratio
is to keep the beam current as low as possible consistent with providing
enough electrons to neutralize the charge created by the brightest high-
light in the scene. In practice, some allowance or safety factor must be
provided, of course, to take care of some unusually bright, unexpected
highlight that may be introduced during the action. Without this reserve
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beam current, if an extra-bright highlight is encountered, it will result in
white compression since the depth of beam modulation cannot be ade-
quately increased. However, there is nothing to be gained and a great
deal to be lost by the use of excessive beam current. There is considerable
to be gained by proper adjustment of the beam current.

/§** Distortion. If a straight, horizontal line in the picture is curved like
the letter “S” on its side, it is probable that the ratio of the photocathode
voltage to image accelerator voltage (grid No. 6) of the image orthicon
is incorrect. This distortion often may be corrected by adjustment of
these two potentials only, although, under some circumstances, it may be
necessary to change the focus-coil current also. If the latter is required,
it will be necessary to repeat the entire series of camera and camera-con-
trol setup adjustments.

Target-screen Potential. In typical image orthicon tubes, when the
target-screen potential is made a volt or two negative with respect to the
cathode, a cutoff point is reached and no picture signal results. As the
target-screen potential is made a few volts more positive than the cutoff
value, the picture signal appears. The optimum target-screen potential
depends to a great extent upon the average scene brightness. The effect
of different values of target-screen potential on the gray-scale rendition
of scenes of high- and low-average scene brightness is shown in Fig. 2-14.
These curves are representative of the dynamic transfer characteristics of
an image orthicon tube. They are seen to differ very radically from the
typical static output curves of image orthicon tubes (Fig. 2-14b). These
curves are adapted from data presented by Schade * and were calculated
on the basis of the video gain and blanking being adjusted in each case for
constant signal amplitude. The dynamic transfer characteristic of the
image orthicon with a target-screen potential 1 volt more positive than
cutoff is shown in Fig. 2-14a. Under these operating conditions, it is evi-
dent that with a scene of high average luminance (high-key scene), low
and intermediate tones (the blacks and grays below a relative luminance
of 0.2), will result in practically no discernible detail. In other words,
these tones are completely suppressed. However, in a low-key scene, one
having low average luminance, a brightness range of perhaps 10 to 1 can
be handled. In actual practice, an adjustment which resulted in an op-
erating condition as shown by this illustration would be intolerable. If a
performer’s face registered a relative luminance of 0.3 and he were to
walk from in front of a low-key background to a second position in front
of a high-key background, his face would change from white to black!
Under these circumstances, as shown by the curves, when in front of the

4 Schade, O., Electro-optical Characteristics of Television Systems, RCA Rev,,
Vol. IX, Nos. 1, 2, 3, and 4 (March, June, September, and December, 1948},
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low-key background, the relative output voltage would be some 70 per
cent; when in front of the high-key background, it becomes only 15
per cent.

The dynamic transfer characteristics of the image orthicon with the
target screen adjusted to a potential 2 volts more positive than cutoff is

10 U
@ 09 a
o
S o8 ;
S 07
= 06 Low key scene~7/ /
5 05 /1 Target
3 04 / / + 1 volt
3= Hei1High key scene
= 03
—g 02 W.i ‘/
“ o A /4
b 4
) 1 y:
0. 002 005 01 02 0.5 1.0 20 50 100
Relative luminance of small test card
(a)
10
T
v 09 /‘A
<] d
+= 08
g /[4<—High key scene
o7 A 4
5 A
a 06 Knee
S 05 Al ad = — i Target
2 Low key scene / +2 volts
@ 04 / va
§ a3 / 7 _A'<—«-Typicol static output
& Q2 7
- F /]
ol - -
0 Tl
001 002 005 Ol 02 05 10 20 50 100
Relative luminance of small test card
(b)
10 H
H
v 09 =
208 S
g o7 /
~ Y
a 06 ,
5 05 High key scene —| ® Torget
c > =y +3 volts
v Q4 > i
503 "
=] o
2 7 ~ Low key scene
& 02 = |
Q1 Lt - [
o —

001 002 005 OI 0.2 05 10 20 50 100
Relative luminance of smoll test card

(¢)
Fic. 2-14. Dynamic transfer characteristics of the 5820 image orthicon camera tube
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Sec. 2-7] IMAGE ORTHICON ALIGNMENT 75

shown in Fig. 2-14b. Compared to the preceding condition, less severe
suppression occurs for high-key scenes. Under these circumstances a
brightness range of perhaps 20 to 1 can be accommodated (relative lumi-
nance from 3.0 to 0.15). In this illustration, for comparative purposes,
there is presented a typical static output curve for the image orthicon.
The great difference between the two curves is accounted for by the
electron redistribution effects that take place on the target of the image
orthicon.

When the target-screen potential is adjusted to a value 3 volts above
cutoff, the transfer characteristic shown in Fig. 2-14¢ is obtained. Iere
the secondary electrons are prevented from landing on the target and fill-
ing in “black” areas by the relatively high screen-to-target potential.
Instead, they are collected by the screen. "As the target-screen potential
is increased, a longer and more stable gray-scale or dynamic characteristic
is obtained. However, the upper limit is set by signal-to-noise ratio con-
siderations. Greater target-screen voltage requires higher beam current
to discharge the highlights which (see Sec. 2-6, Scanning of Target,
above) results in a lower signal-to-noise ratio. Experience indicates that
target-screen potentials in the range between 1.6 and 2.2 volts above
cutoff usually result in an optimum picture. Above these values, the
signal-to-noise ratio is poorer than needs be; below them, it is often diffi-
cult to handle the shading. In addition, higher target voltages tend to
emphasize small black spots which may be practically invisible when the
tube is operated within normal voltage range.

The importance of properly adjusting the target-screen potential of all
image orthicon cameras in order to obtain uniform transfer characteristics
is evident from a study of Fig. 2-14. Unless the proper target-screen po-
tential is used, there may be a very decided change in the contrast of the
picture signal upon switching from the output of one camera to another.
It is also apparent that both the target-screen potential and the beam cur-
rent must be adjusted simultaneously to obtain the best signal-to-noise
ratio.

Photocathode Illumination. The amount of light on the photocathode
has considerable bearing upen the picture quality obtained from an image
orthicon camera. For a given amount of illumination on the scene, the
photocathode illumination is a function of the iris opening of the lens. In
general, it is desirable to keep the lens stopped down (i.e., larger f or
smaller T numbers) as much as possible, consistent with other considera-
tions, in order to obtain the maximum depth of focus. On the other hand,
if the lens is stopped down too far, resolution in the image orthicon will
be lost and the signal-to-noise ratio will decrease. In situations where
insufficient illumination of the photocathode is experienced, even with
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the lens iris wide open, some improvement of the picture quality may be
obtained by slight readjustment of the target-screen potential and the
beam current.

Where an adequate amount of lighting is available, it is customary to
adjust the iris of the lens so that the highlights in the scene bring the
signal output of the image orthicon slightly above the knee of the output
signal curve. The knee is that point where the signal resulting from the
highlights begins to drop appreciably as the lens opening is decreased in
size. Operation at this point is especially important in studio operation
(as discussed in greater detail in Chap. 7) in order to obtain the best
gray scale in the picture and to reduce the possibility of image retention
(see Sec. 2-6, Retention of Scene, above). Operation farther along the
horizontal part of the curve may give pictures in which the subject has an
overemphasized outline.

For outdoor scenes where a wide range of illumination may be encoun-
tered and where the best lens opening cannot always be selected for each
scene, the best compromise is usually that wherein the highlights of the
least illuminated part of the scene bring the signal just above the knee of
the output signal curve.



CHAPTER 3

Field Television Equipment

ALMOST WITHOUT EXCEPTION television broadcasting stations commence
their origination of “live” program material with transportable field pickup
equipment. As a matter of fact, unlike aural broadcasting practice, some
stations may never become equipped with permanent, studio-type televi-
sion camera facilities. A number of factors contribute to this situation:
First, some stations may begin operations with nothing more for program
origination than a film projector, a slide projector, and a film camera chain.
Second, if the station is fortunate enough to be on a video network route
it will probably depend upon the television networks for the bulk of its
program material. If the station is not so fortunately located, it may still
rely upon the networks for most of its program material but, in this case,
it will be obtained through the medium of television recordings (see
Chap. 11). Third, when the station begins its local program originations,
it will probably wish to broadcast public events, athletic contests, and
other off-premise newsworthy and interesting programs. Program mate-
rial of this kind is almost always of considerable interest to the television
audience and usually requires the minimum of preparation on the part of
the broadcaster. Finally, when the television broadcaster does go to the
expense of fitting out his own studio, he usually already has available field
pickup equipment which, if it is not assigned elsewhere, may be used to
good advantage in making the studio pickup. As a matter of fact, because
of their expense, it behooves him to schedule his programs so as to obtain
the maximum use of available television camera chains. By scheduling
network or film programs between live pickups, it is possible to employ
one set of field pickup equipment for several live program originations
during the course of a given program period.

3-1. Field Pickup Systems. Television field pickup facilities? consist
of transportable equipment units and accessories that are capable of pro-
ducing a composite picture signal, together with the associated audio sig-

1 Roe, John ., New Television Field Pickup Equipment Employing the Image
Orthicon, Proc. IRE, Vol. 35, No. 12, p. 1532 (December, 1947).
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nal, from either a fixed or a mobile location in the field. The video portion
of the system usually consists of (a) one or more cameras, associated view
finders and control units, (b) a synchronizing waveform generator, (¢) a
switching and amplifying system which provides means for selecting for
transmission the outputs of the various cameras, (d) picture and wave-
form monitors, and (e) the necessary power supplies. Tripods, friction
heads, operating desks, shockmounts, and connecting cables are some of
the accessories usually required to supplement the basic video equipment.

The audio portion of the system is often comprised of one or more
microphones and a portable audio amplifier which incorporates (a) means
for mixing the outputs of a number of microphones, (D) visual monitoring
facilities, and (¢) sufficient amplification to provide a signal of required
level for transmission of the audio portion of the program to the main
television studios or transmitter. In addition, aural monitoring means (usu-
ally headphones) are provided. Accessory audio equipment may include
microphone stands, highly directional pickup microphones (for crowd or
band pickup at athletic fields ), connecting cables, and the required power
supplies.

Other items that are often a part of a television field pickup unit include
(a) especially designed cars or coaches for transporting the equipment,
(b) gasoline-driven primary power supplies, (c¢) relay transmitters and
receivers, and (d) portable lighting equipment.

An exceedingly vital part of any television field pickup system is the
intercommunication system that is required to effect liaison between the
various members of the field crew. Instantaneous telephonic communica-
tion must be available to cameramen, camera-control men, the video
switcher, the audio man, the program director, the relay transmitter crew,
and any others responsible for the production of the program.

A typical arrangement of the equipment that makes up a television field
pickup system is shown in schematic form in Fig. 3-1. This illustration
includes the camera equipment, necessary switching facilities, radio relay
equipment, and a mobile unit. A simplified indication of the equipment
interconnections is also shown.

The two upper-left blocks enclose the camera equipment required for
a two-camera system. The block (dotted lines) in the lower left of the
figure illustrates how other cameras, up to a total of four, may be added
to the system. The equipment shown in the center and on the right of
the illustration represents units that are common to the entire system,
whether it is composed of two, three, or four cameras. The upper center
block encloses the field-synchronizing waveform generator equipment.
This may consist of a pulse-former unit and a pulse-shaper unit as shown
or, in some instances, both functions are performed by a single unit. The
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lower center block encloses the video switching equipment, a picture and
waveform monitor unit, and the power supply for both. In some equip-
ments, the switching and monitoring equipment are contained in a sin-
gle unit.
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Frc. 3-1. The main equipment units of a multicamera field pickup system and the
general plan of their interconnection.

The blocks to the right of Fig. 3-1 enclose the radio relay transmitting
and receiving equipment which may or may not be needed for transmit-
ting the television signal back to the main studio or transmitter plant.
Where video circuits are available and used, this relay equipment is not
required.

A two-camera chain of portable type is shown set up on a table in
Fig. 3-2. The image orthicon camera, its associated control unit, and the
technique of their use are described in Chap. 2. The remaining equipment
employed for field applications, with the exception of the synchronizing
waveform generator (see Chap. 5), is described in the following sections.
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Fic. 3-2. The units comprising a two-camera field chain include, in addition to the
tripod-mounted cameras, the two camera-control units shown at the left end of the
table, the field switching unit to the right thereof, and the picture and waveform
monitor at the right end of the table. Under the table there are three portable power-
supply units, at the left, followed by synchronizing waveform generator pulse-shaper
and pulse-former units. (Courtesy of Radio Corporation of America.)

3-2. Video Mixer and Switching Units. Except for the most elementary
kind of television program production, two or more cameras are always
used for pickup purposes. On the other hand, more than four units are sel-
dom employed except on those special occasions where the action originates
at such widely separated points that an unusually large number of cam-
eras are necessary to cover all scenes of action. Facilities are therefore
needed for selecting the output of the particular camera that is to be con-
nected to the broadcasting transmission system at a given moment. Just
as in an audio system, means should be provided both for instantaneously
switching from one camera to another and for fading out the picture from
one camera and fading in a scene from another source. Furthermore.
provisions are frequently desired for creating a dissolve, i.e., the momen-
tary overlapping of pictures from two cameras and then the gradual fading
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out of one. A variation of this technique is the superimposition, wherein
the outputs of two picture channels are displayed at the same time, super-
imposed on each other.

The typical mixer amplifier and monitor unit shown in Fig. 3-3 has pro-
visions for handling four incoming sources of picture signals and provid-
ing a single output signal. Four separate video amplifier channels are
provided, one for each input, each with its own manual gain control and
push-button switch. These controls provide, respectively, for («) adjust-
ing the gain and, therefore, the output level of each channel separately
and (D) instantaneous electronic channel selection. In addition, a circuit
is provided for automatic fades or dissolves, the choice of one or the other
being made by means of a suitable switch. When an automatic fade or
dissolve is made, any of three rates of change may be preselected by
switch operation. These controls make it possible to (a) automatically
fade to black at a preselected rate and then to fade in the next scene or
(b) automatically dissolve from one scene directly into the next.

Fie. 3-3. A portable video switching unit that incorporates, in addition to the usual
manual controls, automatic means for dissolving from one camera output to that of
another. (Courtesy of Allen B. Du Mont Laboratories, Inc.)
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Video mixer units also incorporate synchronizing pulse-mixing circuits;
in addition, the particular equipment illustrated contains a picture and a
waveform monitor. These latter facilities are sometimes mounted in a
separate assembly as is the case for the equipment shown in Fig. 3-2.

A block diagram of the mixer-amplifier section of the video mixer and
switching unit of Fig. 3-8 is given in Fig. 34. A schematic wiring dia-
gram for the automatic electronic mixer portion of the circuit is shown
in Fig. 3-5. The operation of the unit is described in the following
paragraphs.

Video Mixer Circuits. Each of the four incoming video signal chan-
nels consists of a cathode follower (V1, V3, V5, V7) and an associated
voltage amplifier (V2, V4, V6, V8) having a gain of about two times. In
accordance with standard practice, the input impedance of each channel
is 75 ohms, and one side of the circuit is grounded. There are manual
gain controls in the input of each channel which are physically located on
the front panel of the unit (Fig. 3-3). In addition, between each cath-
ode follower and its associated voltage amplifier there is an additional
gain control. The purpose of this secondary control is to permit adjust-
ment of the output level of all channels to the standard transmission level
when the primary or manual gain controls are turned to their full-on
positions.

When employed, automatic switching between channels is accom-
plished by individual adjustment of the grid bias of the four amplifier
tubes. In switching from one channel to another, for instance, the nega-
tive bias on the channel that is to be turned off is gradually increased while
that of the channel that is being turned on is gradually reduced to the
correct value to permit the tube to function as a normal amplifier. Con-
trol of the rates of rise and fall of these bias voltages and, consequently,
of the rate of fading is accomplished by the use of suitable resistor-
capacitor networks in the bias supply.

By reducing the time constants of the bias circuits to a very low value,
essentially instantaneous switching from channel to channel may be ac-
complished. However, the relatively rapid rate of change of plate current
caused by turning off one tube and turning on another introduces an
undesirable surge in the video circuit. This effect is eliminated, however,
by the clamper, V13 and V14, which is connected across the input to the
cathode follower that comprises the output stage of the unit.

Video-signal Amplifier. The output of the video mixer amplifiers is
coupled by means of a suitable frequency-compensating network to
parallel-connected amplifier tubes V9 and V10. This stage provides a
voltage amplification of approximately four times. The output of this
stage, again with the aid of frequency-compensating networks, drives the
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cathode follower V12. This tube serves as the output stage and has an
effective gain of about 0.4 times. It is capable of supplying a 2-volt
peak-to-peak, black-negative video signal into a 75-ohm load. Being a
directly coupled circuit, part of the cathode direct current flows through
the load that is coupled to this amplifier.

Synchronizing-signal Amplifier. With single-camera operation, it is
customary to add both blanking and synchronizing pulses to the picture
signal in the camera-control unit (see Sec. 2-5, Picture-signal Amplifier).
Accordingly, the output signal is of standard composite form ready for
transmission to the remainder of the broadcasting system. No mixing or
switching units need be employed under these circumstances.

On the other hand, when multiple-camera operation is practiced, only
blanking signals are added in the camera-control units, and the several
resulting video signals are then transmitted to the mixer and switching
unit. The synchronizing signals are then added after all picture-signal
mixing and switching operations take place. This avoids the possibility
of losing the synchronizing information at any time during the switching
processes. In other words, even though the picture should be faded to
black, the correct synchronizing pulses will continue to be sent to the
remainder of the transmission system (see also Sec. 6-5, Remote Inputs).

In the switching unit illustrated, horizontal and vertical synchronizing
pulses from the synchronizing generator are amplified by tube V11. The
output of this amplifier is added to the video signal by virtue of a plate
load resistor that is common to the video amplifier tubes V9 and V10 and
the synchronizing amplifier tube V11. The gain of the synchronizing
signal amplifier is manually adjusted by means of a gain control in its
input circuit. This control is mounted on the front panel of the mixer-
amplifier unit and upon proper adjustment completes the formation of a
standard composite television signal for transmission to the remainder of
the broadcasting system.

Clamper Circuits. A clamper, consisting of tubes V13 and V14, is con-
nected across the input of the cathode-follower output tube in order to
maintain a constant black level in the composite output signal. In addi-
tion, the clamper improves the effective low-frequency response of the
video amplifier, eliminates low-frequency pickup and the surges intro-
duced by switching operations. Keying pulses for the line-to-line clamper
tubes are derived from the horizontal blocking oscillator tube.

3-3. Master Monitors. In order to provide a means for evaluating both
the picture composition and the quality, camera-control and video switch-
ing units must be accomplished by a picture monitor. It is customary for
the unit employed for this purpose to display, at all times, the picture that
is being transmitted to the outgoing broadcasting circuit. As already
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noted (Sec. 2-5), each camera-control unit is normally equipped with a
picture monitor. However, in order that all concerned may know which
picture channel or combination of channels is being broadcast at a given
instant, there is need for a “master” picture monitor connected across the
outgoing circuit at a point as close to the line terminals as feasible. Thus,
the results of all channel mixing, switching, gain adjustment, and other
signal manipulation are visually displayed for monitoring purposes.

In addition to facilities for evaluating the picture content, there is need
of means for monitoring the amplitude of the composite signal waveform.
A cathode-ray oscilloscope is provided, therefore, in each camera-control
unit. Again, however, an over-all or “master” waveform monitor is essen-
tial to ensure the transmission at all times of signals of standard amplitude
and correct video-to-synchronizing signal ratios.

Some field pickup equipment systems employ a separate unit for the
master picture and waveform monitors as, for example, that shown in
Fig. 3-2. Other systems, such as shown in Fig. 3-3, incorporate the master
monitoring facilities in the same unit with the mixing and switching equip-
ment. Both arrangements have their advantages and disadvantages, and
neither can be said to enjoy an outstanding superiority over the other.
The separate unit type of assembly is also often used for studio installa-
tions; consequently, a description of this kind of picture and waveform
monitor is given in Sec. 6-8 rather than here.

3-4. Intercommunication Facilities. In order to facilitate the establish-
ment of intercommunication circuits among the various members of a
television field pickup crew, it is customary to include telephone circuit
jacks on various equipment units. In addition, the necessary wire circuits
are usually included in the interconnecting cables that are an important
part of the field pickup facilities. For example, field camera units almost
always have at least one telephone outlet jack, and sometimes two, located
on the camera head. Where only one jack is provided, it is used by the
cameraman himself. If a second telephone circuit is available, it is some-
times used by a program director’s (or production manager’s) floor
assistant, although a radio-frequency communication channel is generally
preferable for this service (see Sec. 6-13, Radio Cueing System). On
occasions where a camera dolly is used in the field and a special operator
is required to manipulate it, this assistant may make use of the second
telephone communication facility. Furthermore, a telephone circuit jack
is sometimes, but not always, included as a part of the camera-control
unit. In field practice, the camera-control units are often set up immedi-
ately adjacent to the position of the program director and the video
switcher. Accordingly, satisfactory communication often can be effected
without the need for telephone circuits and instruments. The program
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director and the video switcher (who is also often the technical crew
chief ) have frequent need for communication to production assistants, to
the cameramen, to the mobile unit (if in use), and back to the main
studios or the transmitter. Telephone outlets and telephone circuit switch-
ing facilities must, therefore, be provided to meet these needs.

One manufacturer has incorporated the intercommunication switching
circuits in the same unit that contains the video switching equipment
(Fig. 3-2). The upper two-thirds of the front panel of this unit consti-
tutes a small telephone switchboard.

An important part of the communication and cueing facilities is the sys-
tem of signal or tally lights employed to indicate which camera is being
used at a given moment for picture transmission purposes. It is customary
to provide tally lights on the front or lens side of the television camera
(see Fig. 14-12) and also on the back or operator’s side of the unit. In
the latter case, a large signal light is usually placed on the control panel
surface of the camera and a very small one alongside the picture tube in
the electronic finder. This ensures that the operator will be warned when
his camera is switched on even though he may be looking into the hood
that is often used to shield the view finder picture tube from ambient light.
Signal lights are also included on the camera-control units so that the
operators at this point will know which camera is on the air at any instant.
The camera actually in use should, of course, receive the undivided atten-
tion of the camera-control man in order to ensure that the best possible
picture signal is obtained. Finally, signal lights are usually included as a
part of the camera switching and fading unit in order to indicate quickly
to the video switcher the position of all controls.

3-5. Camera Tripods and Friction Heads. A substantial and firm
mounting arrangement is essential to support the television camera, if
images free from “jitter” are to be secured. In addition, a solid, vibration-
free platform must be available for holding the camera support and the
cameraman who is responsible for operation of the camera. When setups
are made in the field, particular attention must be paid to the selection of
the camera locations because of this latter requirement. Not infrequently
at a ball park, sports arena, or convention hall, a very attractive site is
found and a camera setup made prior to the start of the event to be broad-
cast. Then, when the spectators arrive, it is discovered to the dismay of
those responsible for the television pickup that the activities of the crowd
result in violent (or at least objectionable) vibration of the camera plat-
form. Good judgment must obviously be used in the selection of camera
positions during the preliminary setting up of the television facilities.

For field applications, tripods are almost universally used for camera
supports. These units are built along the conventional lines of motion-
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picture-camera tripods and are made of metal or of wood with metal
fittings. A tripod of the former type is shown in Fig. 3-6. This particular
unit consists of a structure of aluminum castings and tubular steel which
results in a compact, lightweight, yet rugged design. It folds into a small
unit which is easily transportable. When collapsed for carrying, the unit
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F1c. 3-6. A sturdy all-metal television-camera tripod that incorporates a number of
desirable design features. (Courtesy of Radio Corporation of America.)

is about 82 in. long and 10 in. in diameter and weighs 25 Ib. In operation,
the tripod provides a working height ranging from approximately 25 to
42 in. Particularly valuable features of the unit shown are the individual
tie rods which connect to and brace all tripod legs. These tie rods are
coupled to a center stabilizing post and provide a stable rigid support.
The lower tubular portion of each leg is adjustable and slides within a
long bearing which is held to close tolerances. Thus, minimum play and
maximum rigidity are assured throughout the working range. When the
tripod legs are adjusted for the desired height, they may be locked in posi-
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tion by means of hand-operated clamp screws. The lower end of each leg
is provided with a self-aligning universally mounted footing. On one side,
this footing has a flat surface for use on level flooring; on the other side, it
has a steel spike for use on rough surfaces. With the tripod legs fully
extended, the feet may be placed upon the circumference of a circle hav-
ing a maximum diameter of 70 in.

Fic. 3-7. A complete assembly consisting of an image orthicon camera, camera fric-
tion head, tripod, and tripod dolly primarily intended for field use but also satisfactory
for some studio applications. (Courtesy of Houston-Fearless Corp.)

A tripod such as that just described more or less requires that the camera
be set up in one place and remain there throughout the program. In
those instances where a reasonably smooth surface is available, it is often
advantageous to be able to wheel or dolly the camera to different positions.
In studio applications, relatively heavy pedestals or camera dollies may
be used for this purpose. For field applications, on the other hand, readily
transportable equipment is required. A dolly suitable for use with the
tripod just described is illustrated in Fig. 3-7. The unit consists of a
lightweight (25-1b) triangular-shaped steel structure supported on three
swivel wheels 5 in. in diameter. For convenience in transporting, the
dolly folds into a self-locking package 8 by 14 by 29 in.



Sec. 3-6] PORTABLE AUDIO FACILITIES 89

In order to provide a means for obtaining the smooth motion that is
essential when the camera is turned and tilted to follow the action being
televised, a camera friction head is used to couple the television camera
to the tripod or other camera support. The typical camera friction head
shown in Fig. 3-8 permits complete rotation in azimuth and ample tilt for
any television camera applications. It is so designed that the camera may
be swung and tilted in any direction with a minimum of effort and left in
any position without the need for clamping unless it is desired to do so.
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Fic. 3-8. This camera friction head is an ingenious spring-loaded ball-bearing device
that permits a camera mounted thereon to be trained to the desired angle in azimuth
and bearing and, by virtue of controlled friction, to hold the camera in the desired
position without the need for clamps. (Courtesy of Radio Corporation of America.)

On the other hand, there are separate locking arrangements for both tilt
and panning positions. That is, when one lock is applied, the camera can
only be panned; when this is released and the other applied, the camera
can only be tilted. When both are released, the camera can, of course, be
panned and tilted simultaneously. A friction shoe permits adjustment of
the tilting friction to suit the individual cameraman. Ball bearings in
races on both ends of the tilt shaft and a large ball thrust bearing for
panning assure smooth tilting and panning action. Ball thrust bearings
and the afore-mentioned friction control adjustment provide for smooth
panning and tilting action. Counterbalancing springs keep the camera in
balance in any position of tilt. A detachable adjustable-length telescopic
handle provides a means for tilting and panning the camera as desired.
3-6. Portable Audio Facilities. Audio facilities are an indispensable
part of the equipment needed for producing a television program from a
field location. For this application, it is customary to employ portable
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equipment to amplify the exceedingly low output level of the pickup
microphones, to combine or mix this program material in the desired pro-
portions, to adjust the result to the proper transmission level, and to pro-
vide means for visually monitoring the outgoing program level and for
aurally monitoring the program content. Various types of microphones
are employed for field application, and there are a number of compact
lightweight portable amplifier-mixer-monitor equipments available for this
service. Representative components are described in the following
paragraphs.

Fie. 3-9. A moving-coil-type  Fic. 8-10. Microphones placed in parabolic

microphone suitable for field ap-  reflectors are sometimes useful for picking up
plications.  (Courlesy of Radio  distant musical bands or cheering sections at
Corporation of America.) outdoor athletic events,

Microphones. For the most part, the audio portions of a television
pickup originating in the field consist of the voices of the commentators
and the sounds that accompany the event, including those of the specta-
tors and of the people and things that comprise the occurrence being
broadeast. Usually this calls for two types of microphone pickup: First,
there is the relatively close-talking pickup to accommodate the commen-
tator and persons that may be interviewed. Second, there is the distant
pickup of crowd noise, music, and other sounds.
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Microphones for field use must be exceptionally rugged, weather-resist-
ant, relatively immune to wind noise, and light in weight. One type
of unit for commentator use is the moving-coil microphone (Fig. 3-9).

For picking up sounds associated with the event being broadcast, it is
often desirable to make use of highly directional microphones. A simple
parabolic reflector, with a microphone located at the focus, has often been
used for this purpose (Fig. 3-10). However, in order to obtain an appre-
ciable gain in sound pressure at the focus, the reflector must be large
compared to the wavelength of the incident sound. The requirement of
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Fic. 3-11. Directional characteristics at various frequencies of the 3-ft-diameter
parabolic reflector shown in Fig. 3-10.

size must also be satisfied in order to obtain sharp directional character-
istics. If an effort is made to satisfy this condition at low frequencies, the
size of the reflector becomes too large to handle with ease in the field.
For example, the directional characteristics 2 of a 3-ft-diameter parabolic
sound reflector are shown in Fig. 3-11. A reflector of this size is seen to be

2 Olson, Harry F., “Elements of Acoustical Engineering,” 2d ed., p. 277, D. Van
Nostrand Company, Inc., New York, 1947.



92 FIELD TELEVISION EQUIPMENT [Sec. 3-6

essentially nondirectional at 200 cps and lower frequencies, but very direc-
tional at the high frequencies. When the microphone is located exactly
at the focus of a parabolic reflector, the gain at the high frequencies is
considerably greater than at the mid-frequency range. This accentuation
of the high frequencies may be overcome by moving the microphone
slightly out of focus. This expedient also tends to broaden the sharp
directional characteristics at the high frequencies.
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Fic. 3-12. An 8-ft-long acoustical line or “machine-gun” type of directional micro-
phone. (Courtesy of Radio Corporation of America.)
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Fic. 3-13. Directional characteristics of the “machine-gun” type of microphone shown
in Fig. 3-12.

Another type of directional microphone that has been employed is the
line or “machine-gun” type of microphone (Fig. 3-12). This unit con-
sists of a number of small tubes, the base ends of which are connected to
a pickup microphone of one type or another. The open ends of the tubes
serve as the pickup points. The lengths of the tubes vary in a systematic
manner over a range of sizes that are a function of the desired directivity
pattern. In this type of microphone also, the directivity pattern varies
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with frequency. The directivity pattern of a line-type microphone having
an over-all length of 8 ft is shown in Fig. 3-13 for a number of frequencies
in the audio range.

Audio Amplifiers. A typical portable audio amplifier applicable to tele-
vision field pickup service is illustrated in Fig. 3-14. The unit has provi-
sions for handling four microphone or other low-level input circuits. Each
input channel is provided with a preamplifier employing low-noise low-
microphonic tubes. Inverse feedback is used in these amplifiers to reduce
distortion should abnormally high input levels be encountered. The input
transformers associated with each channel are tapped for source im-

Fic. 3-14. A portable audio amplifier suitable for television field applications which
incorporates four preamplifiers, an equal number of associated mixers, a suitable pro-
gram amplifier, headphone monitoring facilities, and a standard volume-indicator
instrument. (Courtesy of General Electric Company.)

pedances of 30, 150, 250, and 600 ohms. The 30- and 250-ohm taps are
provided to accommodate the older type of microphones, while the 150-
ohm tap is for microphones having the established standard output
impedance.® The 600-ohm tap matches the standard transmission-line im-
pedance found (together with the standard 150 ohms) in audio practice.

The outputs of the four preamplifiers feed directly into a high-imped-
ance mixing circuit, where the respective audio signals are adjusted to the
desired relative levels and blended together as required. The audio out-
put of the mixer network is amplified further by a booster, driver, and
output stage. A master gain control precedes the driver stage and pro-

3 RTMA Standard No. TR-105-B, “Audio Facilities for Radio Broadcasting Sys-
tems,” November, 1949, Radio-Television Manufacturers Association, New York,
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vides means for over-all adjustment of the output level of the amplifier.
Inverse feedback voltage is obtained from a tertiary winding on the
output transformer and applied to the input of the driver stage in order
to minimize over-all distortion and noise. The amplifier may be adapted
to operating into either of two standard line impedances, 150 or 600 ohms,
by the operation of a load-impedance selector switch.

The amplitude of the outgoing signal is monitored by means of a panel-
mounted volume indicator. However, the impedance of the program
transmission line to which this type of amplifier is usually connected varies
considerably with frequency. Consequently, in order to isolate the vol-
ume indicator and the output amplifier from these impedance variations,
a resistance attenuation network is provided between the output of the
amplifier and the program transmission-line load.

A unique feature of the portable amplifier illustrated is the inclusion
of a 400-cps test oscillator for adjusting transmission levels. This source
of tone provides a quick and accurate means for checking levels with
the master control room or other point to which the transmissions are
being sent.

3-7. Mobile Units. Considering the amount and the complexity of the
equipment involved, the designers and the manufacturers of television
broadcasting equipment have done a remarkable job of packaging the
components of a complete field pickup system into compact, reasonably
proportioned, transportable units. The general practice has been to break
down the complete system into units, each one sufficiently small and light
enough in weight so that, when necessary, they can be carried onto loca-
tion by one man. A complete two- or three-camera chain, however, in-
cluding camera tripods, audio facilities, and other accessories will amount
to 20 or so pieces of equipment. Furthermore, with only a nominal
amount of camera cable, the equipment will weigh, altogether, perhaps
three-quarters of a ton (see Table 3-1). If, by chance, each camera is to
be provided with the maximum length of cable with which it is normally
designed to work (usually 1,000 ft) over 400 Ib of additional weight would
be added for each camera. It is evident, unlike the portable equipment
used for aural-broadcasting field pickups, that television equipment can-
not be readily transported from place to place by the use of taxicabs and
passenger automobiles. At least station wagons, and preferably light
trucks or buses, are obviously required for this service.

On the other hand, where time is of the essence, provisions for safely
transporting television equipment in a ready-to-use condition (combined
with space for an efficient working area and for transportation of the
crew ) are very important considerations. To provide sufficient space for
a television installation in working condition and for operating the equip-
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ment inside the vehicle itself, it is usually necessary to employ either a
small truck, a school-type bus, or possibly a passenger-type coach. About
the only upper limit on the size of vehicle that may be used in this service
is the matter of convenience in handling on the road, the parking prob-
lem, and the cost.

TaBLE 3-1. TyricaL FIELD-EQUIPMENT WEIGHTS

Three-camera chain

| Two-camera chain

Unit |
Equipment | w(elf;lt | No. of | Weight | No.of | Weight
} units | (Ib) units | (Ib)
| i |
_n 2 = | a8

Camera and view finder......... 100 | 2 ¥ 200 3 300
Camera tripods .......... Careae 25 | 2 50 3 | 75
Camera-control unit ............ 65 0) 130 3 195
Power supply for above. .. ....... 60 2 120 3 180
Camera cable, 200 ft....... .. .. 80 | 2 160 3 240
Synchronizing generator (2 cases) 130 ; 2 130 2 | 130
Switching system .............. 70 1 70 1 70
Power Supply for above ........ | 60 1 60 1 60
Picture and waveform monitors. . 70 | 1 70 ‘ 1 70
Audio amplifier, microphones, etc. 100 | 1 100 1 100
SUBtOtal st s oty e 3 hanl A ey O 16 ‘ 1,090 21 | 1,420
Microwave transmitter . ... .... 40 | 1 ‘ 40 l 1 I 40
Control unit for above.......... 40 ‘ 1 40 1 40
Antenna and tripod............. | 60 1 60 1 60
Totals ............. g o 19 | 1,230 ‘ 24 1,560

For broadcasting from any given location, the cameras and microphones
must, of course, be taken from the mobile unit and set up in locations
suitable for picking up the picture and the sound portions of the program.
However, if the remaining equipment is set up and interconnected in the
truck, it can serve as a mobile television control room. Under these cir-
cumstances, upon arrival at the site it is only necessary to run (a) video
and audio cables to the cameras and microphones, respectively, (b) power
cable to the source of primary power, if one is not contained within the
mobile unit, and (¢) cables to the facility that is used for transmitting the
picture and the sound signals to the main station or transmitter location.

With an arrangement of this kind, the equipment can be moved from
one location to another in a minimum of time. In addition to reducing
the time required for setting up and taking down the facilities, this method
of operation reduces wear and tear on the equipment. Furthermore, it
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saves considerable manual labor that would otherwise be required for
carrying the equipment from the delivery truck to the temporary control
site and back again. Also, it is sometimes found that there is no suitable
location for control equipment at the site of a proposed television pickup.

HEATING -4
w DARK
VENTILATING : ool ROOM
S GONTROL ROOM (] —
x
STORAGE PROJECTION
-4 ong Yrid I —
T
STUDIO L} [Fium
12'x 18 EDITING AULT
GENERAL OFF. | __§ OFFICE OFFICE

FLOOR PLAN

1086 6 420 ([} 20 30

Fic. 3-15. Floor arrangement of a small, but complete, television station building
that has been planned to permit the use of equipment installed in a mobile unit for
local studio pickup purposes without the need for removing other than the cameras
from the truck. (Courtesy of Brugnoni and Adler.)

Normally it is desirable to be able to set up this equipment in a relatively
small, quiet room which can be somewhat darkened and from which un-
authorized visitors can be excluded. While not absolutely essential, such
control provisions are conducive to good program production, particularly
if the alternative is to set up outdoors in inclement weather. A mobile
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unit, if sufficiently large and carefully designed, can provide excellent
control-room facilities in the field. As a matter of fact, by coordinating
the design of a mobile unit and a permanent studio,* the equipment set up
in the field unit may be used for studio pickup purposes, when it is not in
use in the field, by parking the mobile unit adjacent to the studio and
moving the cameras and microphones therein (Fig. 3-15).

Station Wagons. Station wagons are useful for transporting television
pickup equipment and operating personnel. In addition, they offer sev-
eral advantages over a small truck, even though their load-carrying
capacity and space for equipment are limited. Station wagons can be
operated over parkways and other restricted roads, and they are relatively
easy to park and to handle in heavy traffic. Furthermore, they represent
a relatively small investment as compared to a permanently equipped
truck or bus. However, station wagons have a limited load-carrying
capacity which varies with the size of the chassis, of course, and ranges
from about 1,600 to 2,200 lb, including passengers. But station wagons
are generally equipped with relatively soft passenger-type springs and
shock absorbers and often with low-pressure cushion-type tires. Under
these circumstances, if properly operated, the station wagon may subject
equipment to somewhat less shock and vibration during transportation
than will a small truck.

Panel Trucks. Conventional panel-type trucks, mounted on chassis
having ratings of approximately 2,000 to 3,000 b, are more spacious (from
an equipment-transportation viewpoint) and can handle somewhat
greater loads than can station wagons. They cannot, however, be oper-
ated over roads that are restricted to passenger automobiles. On the
other hand, they can be constructed more ruggedly than station wagons
and may stand up better under severe service conditions than a vehicle
that is primarily designed for passenger and light luggage transportation.
However, in choosing between these two types of vehicles for equipment
transportation, consideration must also be given to the riding qualities of
each. Neither the station wagon nor the small panel-type truck is suffi-
ciently large to permit a permanent, ready-to-operate setup of television
equipment.

Bus-type Mobile Unit. A one and one-half ton truck chassis is about the
smallest that can be used for a mobile television unit in which the equip-
ment is to be set up in a working arrangement and space provided for the
operating personnel. Actually, a bus-type chassis is usually preferable to
a truck chassis since the former usually has softer springs and other fea-
tures that contribute to better riding qualities. A typical bus-type mobile

4 Brugnoni, R., and B. Adler, Facilities Housing for TV, Broadcast News, Vol. 50,
p- 8 (August, 1948).
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television unit is shown in F ig. 3-16. This particular vehicle has a 160-in.
wheel base and is approximately 2215 ft long, 7 ft wide, and 9 ft high
overall. The useful space inside the body is roughly 14 ft long, 7 ft wide,
and 6 ft high. The weight of the vehicle without equipment is about
9,500 1b, and the maximum safe load is 4,000 b, making the gross weight
some 13,500 1b.

Fic. 3-16. A mobile television unit that has provisions for accommodating a two- or
three-camera chain and a microwave relay-link transmitter (seen set up on the roof
of the unit). (Courtesy of WICN-TV, now WCCO-TV, Minneapolis.)

The design of the unit shown is such that the rear of the vehicle is used
as a control room. Windows at the back and on the two sides provide an
excellent view of the surroundings whenever the mobile unit can be
located in a position where a view of the scene to be televised can be
obtained. This window arrangement also facilitates use of the mobile
unit as a control room for a fixed studio as already suggested. Curtains
are provided for the windows in order to partially darken the control
room, if desired, by covering those windows not in use. An additional
draw curtain immediately back of the operating seats may be used to
exclude light coming from the front windows of the unit.

The top of a mobile unit can often be used to advantage as a location
for one or more of the television cameras. In addition, if the location of
the mobile unit is favorable, a microwave relay transmitter may be set up
on the roof of the unit to provide a means of sending the picture signals
back to the main studios or transmitter plant. The roof is, therefore,
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covered with a nonskid tread material and reinforced in order to support
the weight of the equipment and the personnel necessary for its operation.
Access to the roof of the mobile unit illustrated is gained by means of a
roof hatch (measuring approximately 2 by 3 ft) and a ladder located
inside the body.

The interior layout plan of the mobile unit described is shown in
Fig. 3-17. The control desk extends across the rear of the unit and, as
shown, provides space for a three-camera chain and associated audio
facilities. Above the desk there is a shelf for auxiliary equipment that
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Fic. 3-17. Floor plan of the mobile unit shown in Fig. 3-16.

need not be within the immediate reach of the operating personnel.
Under the desk there is ample space for the synchronizing waveform gen-
erator and power-supply units. All units are carried on shockmounts to
minimize vibration during transportation.

The camera, microphone, and power cables that often become a major
handling problem in the field are neatly accommodated in this mobile
unit by reels located at the rear of the truck and accessible from the out-
side through two rear half doors (Fig. 3-18). A total of six cable reels
are contained in this compartment. Each can accommodate 200 ft of
34-in.-diameter camera cable or proportionate amounts of cable of another
size. Cable having several coaxial conductors and many single con-
ductors (see Sec. 15-2) is commonly employed for camera connection and
is, therefore, not amenable to any sliding contacting arrangement that
would permit the inside end of the cable to be permanently connected to
the associated equipment at all times. Instead, the end of the cable is
terminated in a suitable connector and a short length passed through a
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hole in the bottom of the reel (see Fig. 3-18). The remainder of the
cable is then wound on the reel. In setting up for a broadcast, it is only
necessary to unreel the desired length of cable and then remove the inner
end of the cable from around the hub and connect it to the proper con-

F1c. 3-18. Cable reels for accommodating camera and other cables associated with
the mobile unit are carried on reels that swing out from the back of the vehicle to
make them more readily accessible. (Courtesy of Radio Corporation of America.)

trol unit. After all cables have been unreeled and their inner ends con-
nected to their respective control units, the cable reels can be dropped
back into their compartment and the rear doors of the mobile unit closed.
A rubber astragal at the bottom of the doors permits the cables to go under
the door without damage.

For comparison purposes, the layout of another mobile unit,? on approx-
imately the same size chassis as that described above, is shown in Fig.
3-19. The scope of the facilities provided in this unit is generally sim-
ilar to that of the mobile unit already described. The layout, however,
is entirely different. It cannot be said that any particular arrangement

® Harvey, F. W., and E. D. Hilburn, The WMAL-TV Mobile TV Unit, Communi-
cations, Vol. 29, No. 3, p. 8 (March, 1949).
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of the interior of a mobile unit offers outstanding advantages over all
others. In any given application, the requirements peculiar to that situ-
ation will largely govern the manner in which a given mobile unit is
planned. The two plans presented are those of mobile units that have
been in active service for some periods of time and have proved them-
selves to be well adapted to their respective needs.
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Fic. 3-19. Floor plan of another television mobile unit on a chassis of approximately
the same size as the unit already illustrated. (Courtesy of WMAL-TV, Washington.)

Coach-type Mobile Units. The passenger-coach type of vehicle ¢ (Fig.
3-20) unquestionably provides the most elegant kind of mobile television
unit. Not only does a unit of this type provide enough working space for
a full complement of operating personnel but, in addition, ample space
for an announcer’s booth and for transportation of the crew to and from
the scene of the broadcast. The coach-type unit illustrated consists of a

% McCord, Willis, Simplified Handling of TV Remotes, Tele-Tech, Vol. 8, No. 6,
p- 26 (June, 1949).
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24-passenger bus chassis with a special body (e.g., most of the windows
are eliminated and two bulkheads are added to partition the interior into
three compartments) on a 172-in. wheel-base chassis powered by a 144-hp
engine. In over-all dimensions, the unit is approximately 30 ft long, 8 ft
wide, and 9 ft high. A roof deck, 6 ft wide and 19 ft long, provides ample
space for three camera or relay transmitter tripods and the personnel asso-

Fic. 3-20. A coach-type mobile unit that houses complete television pickup facilities
which are installed, wired, and ready for use as soon as the associated cameras, micro-
phones, and microwave transmitting antenna are set up on location. (Courtesy of
Allen B. Du Mont Laboratories, Inc.)

ciated with their operation. Stabilizing jacks are used to nullify spring
action when the vehicle is stationary and a broadcast is in progress. A
demountable guard railing is erected when the platform is in use, as a
safety measure for those on the roof. The ladder leading to the roof
through a suitable hatch is located within the unit and thus provides con-
trol over those who have access to the roof area.

A plan of the interior of this coach-type mobile unit is shown in
Fig. 3-21. The accommodations in the front compartment provide for the
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driver and four passengers, while additional passengers can be accom-
modated in the second compartment. When on the site of a broadcast,
the front compartment can serve as an announcer’s booth. For this pur-
pose, a table is provided for his use, and a picture monitor is located where
it can be readily viewed.

o M T NN il p

Fic. 3-22. The video operating position of a coach-type mobile unit. Camera-control
and video mixer units occupy the desk top while a synchronizing waveform generator
and power supplies (for all units) are located under the desk. On the overhead bulk-
head, there is a control panel for a microwave transmitter at the left, a built-in televi-
sion receiver in the center, and a test oscilloscope at the right. (Courtesy of Allen
B. Du Mont Laboratories, Inc.)

The second compartment is the main control area and contains most of
the technical facilities. Positions are provided here for the program di-
rector, the video switcher, two camera-control men, and the audio oper-
ator. Figure 3-22 shows the desk upon, over, and under which is located
most of the permanently installed television equipment.

The rear compartment of the coach-type mobile unit contains the cable
reels, storage space for camera and microwave transmitter tripods, the
microwave transmitter, and its parabolic antenna reflector. In this mobile
unit, the cable reels are completely inside the unit and out of the weather.
The cables themselves are passed through ports in the rear of the unit at
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roof level and from this high point are easily carried to the roof of the
mobile unit or across sidewalks at a height that will not obstruct traffic.
The gasoline engine that propels the unit is located in a compartment at
the very rear of the coach.

3-8. Microwave Relay Systems. In order to transmit picture signals
from field locations to the main television studios or transmitter, it is the
general practice to make use of wire circuits or of radio relay links.
Where the demand is sufficiently great to justify the facilities, video cir-
cuits (which may be either wire or radio) may often be leased from the
local telephone company. Where such circuits are not available or
where for some other reason it is desirable to establish one’s own point-to-
point circuit for the transmission of video signals, use can be made of
microwave relay equipment. Three bands have been allocated in the
radio-frequency spectrum by the Federal Communications Commission
for this service. Microwave relay channel assignments for picture trans-
mission are made to television broadcasters in the following bands:

1,990 to 2,110 Mc (2,000-Mc¢ band)
6,925 to 7,050 Mc (7,000-Mc band)
13,025 to 13,200 Mc (13,000-Mc band)

An additional band of frequencies, extending from 890.5 to 910.5 Mc, is
available for transmission of the accompanying sound. In practice, how-
ever, wire circuits are almost always used for this purpose when they are
available and, although not in extensive use, equipment has been devel-
oped for diplexing the sound on the microwave picture channel.”

Microwave equipment lends itself particularly well to television
point-to-point relay service for several reasons. For instance, very high
antenna gain can be obtained with relatively small and simple antenna
systems. One frequently used form of directional microwave antenna is
the parabolic reflector. The gain of an antenna of this type is a function
of the frequency of operation and the diameter of the parabola. The
power gain over an isotropic radiator of parabolic reflectors ranging in
diameter from 2 to 8 ft and for frequencies of 2,000, 7,000, and 13,000 Mc
is shown in Fig. 3-23. From this, it is seen that a 4-ft-diameter parabola
operating at 7,000 Mc will provide a gain of 5,000 times. For fixed instal-
lations such as at the main studios or transmitter, larger parabolas having
even more gain are, of course, entirely practical. For example, a 6-ft-
diameter antenna at the same frequency has a gain of almost 11,500 times,
while that of an 8-ft antenna exceeds 20,000 times. This high antenna

7 Staschover, L., and H. G. Miller, TV Sound Diplexer for Studio-transmitter Links,
Tele-Tech, Vol. 10, No. 3, p. 34 (March, 1951).
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gain provides two distinct advantages: First, it makes possible relatively
high equivalent radiated power with a relatively low actual power output
from the transmitter. For example, a 7,000-Mc transmitter having an
output power of only 0.1 watt when used with a 4-ft parabolic reflector
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antenna develops an equivalent radiated power of 500 watts. This makes
it possible to employ small lightweight transmitters for field applications.
A second and equally important advantage is that the transmitted power
is concentrated along a very narrow beam.

As the diameter of a parabolic antenna increases, the width of its beam
decreases. Likewise, for a given antenna, as the operating frequency
increases, the beam width decreases. The manner in which the width of
the beam at the half-power points varies with the diameter of a parabolic
reflector and the frequency is shown in Fig. 3-24.

In addition to highly directional transmitting antennas, it is usually the
practice to make use of equally sharp receiving antennas. As a result,
when the transmitting and the receiving antennas are lined up on each
other, an exceedingly selective transmission path is provided. In prac-
tice, this accomplishes the elimination of practically all difficulties from
extraneous reflections whether from fixed or moving objects. The narrow
reception angle, together with the negligible interference at the extremely
high frequencies, results in practically noise-free transmission over line-of-
sight paths of perhaps 25 miles with 4-ft-diameter antenna reflectors and
upwards of 40 miles with 6-ft reflectors when operating in the 7,000-Mc
band and with transmitter output powers of about 0.1 watt.

Although three bands of frequencies in the microwave region have been
made available for the relay of television signals, only the 2,000- and the
7,000-Mc bands are in extensive use. The 2,000-Mc equipment features
higher output power than the 7,000-Mc apparatus, but the lower fre-
quency transmitter is correspondingly heavier and larger. As a result, it
is better suited to fixed point-to-point service as from a television studio
to the transmitter plant than for portable field use. On the other hand,
the higher powered, 2,000-Mc transmitter may sometimes be used to advan-
tage to cover longer paths than can be handled by the lower powered,
higher frequency equipment normally used for field pickup work. How-
ever, the higher frequency, more portable equipment can be adapted to
long courses by the expedient of using two or more sets of equipment and
establishing intermediate repeater points.

3-9. Microwave Relay Transmitter. A representative 7,000-Mc relay
transmitter intended for field applications is shown in Fig. 3-25. The
several units of which it is composed have been made as light and as
readily transportable as possible. The system consists of four units: (a) a
narrow-beam antenna, (b) an antenna mounting capable of azimuth and
elevation adjustment, (¢) a transmitter (all of which are shown), and
(d) a transmitter control unit.

The antenna shown is a 4-ft-diameter metal parabola which focuses into
a narrow beam the radio-frequency power fed to its focal point by a hook-
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shaped waveguide. For applications where additional antenna gain is
required, a 6-ft-diameter parabola may be used. The power gain of these
antennas is 5,000 and 11,500 times, respectively, at the 7,000-Mc operating
frequency. The waveguide is simply
+  a hollow metal pipe whose rectangular
cross section measures 34 by 115 in.
Because of the extremely sharp
beam of radiation from the transmit-
ting antenna, it must be oriented very
accurately toward the receiving point.
For supporting the antenna in field
applications, it is customary to make
use of a tripod mount fitted with a spe-
cial head that permits tilt and azimuth
adjustments. The tripod may be one
of the same type used for camera ap-
plications (but without the friction
head), provided a sturdy unit is em-
ployed. Where the antenna is likely
to be exposed to severe weather con-
ditions, a more rugged tripod than
commonly used for camera work is
advisable. This is particularly the case
where large-diameter antennas are
: : used or where strong gusts of wind
Fie. 3-25. A 4-ft-diameter parabolic are likely to strike the antenna. To
reflector excited by means of a hook- £, jlitate lining up the transmitting
shsapcll Swigve gule il ORI, B e i ol e receiving site, the tilt

fed by a microwave transmitter con- A h
tained in a weatherproof cylindrical ~a0d azimut head that fastens the an-

case mounted on the back of the re- tenna to the tl'iPOd is usually fitted
flector. (Courtesy of Radio Corpora-  with scales, graduated in degrees, to
tion of America.) show the elevation and the direction

in which the antenna is pointed. Sep-
arate, positive locking handles are also required for the tilt and the azi-
muth adjustments. Either adjustment may then be made independently
of the other.

For very short courses, the gain and narrow beam widths afforded by
4-ft or larger diameter antenna reflectors are often unnecessary. As a
matter of fact, the very sharp beam widths may be more of a nuisance
than help where the path is very short. Very stable antenna mounts must
be provided under these circumstances for both the transmitting and the
receiving antennas to keep them from vibrating and causing a flutter in
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the resulting signal. Smaller sized parabolic reflectors can be used, of
course, but electromagnetic horn antennas are even more convenient for
applications of this type.® An antenna of this latter type, having a rec-
tangular mouth opening of roughly 8 by 10 in. and an over-all length of
14 in. is shown in Fig. 3-26 attached to the same transmitter shown in
Fig. 3-25. This horn antenna has a horizontal beam width of approxi-

mately 50 degrees and a power gain of about 200 when operating at
7,000 Mc.

F1c. 3-26. For transmission over short distances, a conveniently small horn antenna
of this type may provide all the directivity and gain required for satisfactory operation.
(Courtesy of WMAL-TV, Washington.)

The microwave transmitter itself is contained in a cylindrical weather-
proof housing which is rigidly attached directly to the rear of the antenna,
as shown in Figs. 3-25 and 3-26. This arrangement results in a very short
waveguide transmission line between the transmitter and the antenna
thereby eliminating the matching and loss problems that may be encoun-
tered when a transmitter and an antenna are located at appreciable dis-
tances from each other. The transmitter chassis (Fig. 3-27) contains the
oscillator and modulator circuits, a monitor, and wavemeter. All connec-

8 Hilburn, E. D., TV Microwave Relay Equipment Operation, TeleVision Eng.,
Vol. 1, No. 3, p. 8 (March, 1950).
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tions from the associated control unit to the transmitter are made by
means of a single plug-in connector. In addition to the circuits required
for the operation of the transmitter, there is included an intercommunica-
tion circuit for conversation to the control point during setup and orienta-
tion of the antenna. In addition there is an a-c convenience outlet for
supplying power to a piece of test equipment, a soldering iron, or a

droplight.

Fic. 3-27. A microwave transmitter chassis removed from its protective case. A
klystron oscillator is contained in the small square case at the lower right. A self-
contained wavemeter is enclosed in the round compartment just left of center.
(Courtesy of Radio Corporation of America.)

To facilitate maintenance and replacement in an emergency, the entire
transmitter chassis may be removed from the case after three wing nuts
are removed. A klystron oscillator is used and is mounted in the shielded
temperature-controlled compartment that may be seen at the lower right
of Fig. 3-27. The base of the klystron extends directly into the waveguide
that carries the output of the oscillator to the antenna. The oscillator has
a power output of approximately 100 mw and is capable of operating over
a frequency range of approximately 6,500 to 7,050 Mc.

The oscillator is frequency-modulated by varying the reflector voltage at
video frequency. The normal frequency deviation is 12 Mc, and the
polarity is such that a picture signal in the white direction produces an
increase in the transmitter frequency. The modulator tube receives its
input signal from one of the coaxial lines in the connecting cable. The
frequency characteristic of the over-all transmission system is flat from
approximately 60 cycles to 6 Mc.
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3-10. Microwave Relay Receiver. The microwave relay receiving sys-
tem that is the companion of the transmitting system described above con-
sists of (@) a highly directional antenna, (b) an antenna mount that may
be adjusted for azimuth and elevation, (¢) an FM video receiver, (d) a
receiver control unit, and (e) a regulated power-supply unit. The an-
tenna may employ either the 4- or the 6-ft parabolic reflectors described
in the preceding paragraphs. If the receiving site is a fixed location, such

Fic. 3-28. An FM microwave receiver chassis that may be mounted on the back of a
receiving antenna in a manner analogous to that employed for the associated trans-
mitter (see Fig. 3-25). (Courtesy of Radio Corporation of America.)

as at the main studio or transmitter, the antenna may be more or less
permanently installed. Under these circumstances the question of porta-
bility is not a factor, and the larger reflector with its higher gain, but nar-
rower beam, may be used. In any event, a firm antenna support with both
azimuth and tilt adjustments is essential. Antenna mounts, with scales
to show the direction of orientation and the amount of tilt, are usually
employed for this service just as for the transmitter. The signal is fed
from the antenna into the receiver by means of a waveguide.

The FM receiver chassis itself mounts in a cylindrical can (Fig. 3-28)
that fits on the back of the receiver parabola just as does the transmitter.
The receiver chassis contains a first detector, a heterodyne oscillator, and
five intermediate-frequency amplifier stages. The heterodyne oscillator is
a klystron tube designed for operation in the 6,500- to 7,050-Mc band.
The first detector is a crystal which mixes the output of the oscillator with
the incoming signal to produce an intermediate frequency centered about
129 Mc. This signal is amplified by the five-stage intermediate-frequency
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amplifier and produces an output signal of about 50 Mv. This signal is
fed over a coaxial line in the interconnecting cable to the receiver control
unit. Jacks are provided on the receiver chassis so that the crystal detector
current and the grid current of the intermediate-frequency limiter stage
in the receiver control unit may be metered. By reducing the inter-
mediate-frequency amplifier gain (a knob adjustment on the receiver con-
trol unit) until the grid current of the limiter stage is reduced to one-half
its normal value, the setting of the gain control may be used to indicate the
relative strength of the input signal. Thus, by observing this current at
the antenna location (using the receiver-chassis jack mentioned above),
it is possible to orient the reflector for maximum received signal.

Fic. 3-29. This control chassis for the microwave receiver can be on either a rack
or in a carrying case and located an appreciable distance from the microwave receiver
and antenna assembly, (Courtesy of Radio Corporation of America.)

The receiver control unit (Fig. 3-29) contains an additional seven
stages of 129-Mc intermediate-frequency amplification, the limiter and
discriminator stages, and an automatic-frequency-control system. There
are two separate discriminator channels fed from the output of the inter-
mediate-frequency amplifier. Each channel contains a limiter circuit, a
balancing circuit, and the discriminator circuit proper. One channel sup-
plies the video signal to the video amplifier which, in turn, also has two
outputs. One of these is generally used for supplying a 1.4-volt peak-to-
peak, black-negative picture signal to the main studio or transmitter and
the other for monitoring purposes. The second discriminator channel is
used to generate a control voltage for the automatic-frequency-control am-
plifier. The output of this amplifier is used to control the frequency of the
heterodyne oscillator. It operates in such a way that the peaks of the syn-
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chronizing signal appear at the same point on the discriminator character-
istic (within 1 Mc) regardless of the picture content.

The automatic-frequency-control amplifier is a special type of d-c ampli-
fier which takes a d-c signal varying at a relatively slow rate and amplifies
it to supply a control voltage to the heterodyne oscillator. This control
system will keep the receiver in tune with the transmitter for a change in
transmitter frequency of +20 Mc. The output voltage of the automatic-
frequency-control amplifier is the main determinant of the heterodyne
oscillator frequency and, therefore, the tuning of the receiver.

3-11. Primary Power Supplies. A reliable source of primary power
for the operation of television pickup equipment is often a major problem
in the field. So much so, in fact, that some field pickup crews include an
electrician among their number whose prime responsibility is to obtain
and maintain an adequate source of a-c power at all times. Depending
upon the number of auxiliaries that are in use, a field pickup setup may
require from 5 to 15 kw of a-c power. Where possible, connection to a
commercial source of power is to be preferred over the use of a small
gasoline-engine-driven generator. The advantages of the former practice
include the ability to lock the synchronizing waveform generator to the
power-line frequency as is normal studio practice (see Sec. 5-3, Fre-
quency-control Circuits). Under these circumstances, relatively simple
practices can be followed to ensure against disturbance of the receiver
synchronizing circuits when switching from a remote program to a studio
origination, or vice versa (see Chap. 5). Furthermore, if all equipment
is operated from the same source of power, there will be a minimum of
annoying degradation to the received picture because of nonsynchronous
hum pickup. With this method of operation, the pattern or shading intro-
duced by hum will be stationary on the picture, whereas if different sources
of primary power (that drift in frequency with respect to each other) are
used, the hum bars move up and down in the picture area.

It is also necessary in field pickup work to be in a position to make use
of any source of primary power whether it be single-phase two-wire,
single-phase three-wire, three-phase three-wire, three-phase four-wire, or
some other arrangement peculiar to the section of the country involved.
Furthermore, it is advisable to be prepared to handle potentials ranging
from 100 to 130 volts and from 200 to 240 volts.

Gasoline-engine-driven Power Supplies. Where no commercial source
of primary power is available, resort must be made to gasoline-engine-

riven a-c power supplies. Units ranging from 8 to 15 kw are frequently
employed for television service. The smaller types of permanently
equipped mobile units do not afford the space for installing a gasoline-
engine-driven generator of the size needed for this application. Under
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these circumstances, it is generally necessary to install the generator unit
in a two-wheel trailer which can be fastened to the rear of the mobile unit.
An alternate arrangement is to mount the gasoline-engine-driven gen-
erator in a station wagon or other vehicle and transport it separately.
Either of these arrangements affords the opportunity on the broadcasting
site of setting up the gasoline-engine-driven generator at a distance from
the mobile unit in order to minimize the noise and vibration that gen-
erators of this type produce. However, where a bulkhead intervenes be-
tween the operating area and a storage area, as in the coach-type mobile
unit shown in Figs. 3-20 and 3-21, it may be entirely feasible to install a
gasoline-engine-driven generator in the mobile unit. This was done for
the mobile unit illustrated, a 5-kw unit being installed in the rear storage
compartment. The a-c line frequency of gasoline-engine-driven alterna-
tors is not likely to be particularly stable nor accurately maintained at
60 cps. Therefore, when primary power sources of this type are used,
it is generally advisable to operate the synchronizing waveform gen-
erator with erystal control rather than locked to the power line as is
the common practice where commercial power is available. This will
ensure generation of accurately timed synchronizing pulses regardless of
the power-line frequency.



CHAPTER 4

Field Pickup Techniques

No MATTER HOW PERFECT the equipment that is available for making
television pickups, in the final analysis the quality of the program that is
broadcast is a reflection of the skills and the experience of those responsi-
ble for its production. Each member of a television field crew has a
specialized function and, given time, each crew member may be expected
to acquire a thorough knowledge of his responsibilities. However, as a
guide to the approach to the problem, the experience of others is informa-
tive. Furthermore, data concerning typical situations that are met in the
field are useful for reference purposes. With this in mind, this chapter is
devoted to a description of field pickup techniques and the presentation of
information concerning field conditions that time has proved to be both
useful and reliable.

4-1. Technical Operating Personnel. The technical personnel required
for the operation of a two-camera television field chain may, typically,
consist of the following:

cameramen
video control man

video switcher

audio control man

relay transmitter operator
electrician (optional )
program director

e e DD

The functions of these operating personnel are described in the follow-
ing sections.

Cameraman. One cameraman is required for the operation of each
camera. Consequently for a three- or four-camera setup an equal number
of cameramen are required; under these circumstances, the size of the
typical crew listed above would be increased accordingly. The responsi-
bility of the cameraman is to cover the scene called for by the program

115
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director. In order to do this, he must not only bring the camera to bear
on the scene but he must also select the proper focal-length lens and adjust
the focus and the iris opening for an optimum picture. (In some instances
remote-control facilities are employed to relieve the cameraman of some
or all of the last three responsibilities.) Instructions for the selection of
the field of view are usually given verbally by interphone equipment since
the cameraman and his equipment are often located remotely from the
program director’s position.

Video Control Man. One video or camera-control operator, if skilled in
his profession, can usually handle two camera-control units. As a result,
if the above-mentioned two-camera chain is increased to three or even
four cameras, it is usually necessary to add only one additional video con-
trol man. The responsibilities of the video operator include the monitor-
ing and adjustment of the video and blanking level of the cameras under
his jurisdiction. Further, he is concerned with obtaining optimum elec-
tronic focus and beam current for the pickup tube in the camera. Added
responsibilities may include the selection of camera lenses and the adjust-
ment of the iris opening and focus thereof, all by remote control. All these
and certain other adjustments of the electronic portion of the camera are
made at the camera-control unit which is normally located remotely from
the camera itself, perhaps as much as 1,000 ft away.

Video Switcher. One video switcher operator can normally handle as
many cameras as are used on a given pickup. His function is to select,
upon instructions from the program director, the camera that is placed
on the air at a given moment. The video switcher is responsible for
switching, lapping, and dissolving from one camera to another. In addi-
tion it is his responsibility to monitor the outgoing picture quality and
signal level to ensure the transmission of matched pictures from all cam-
eras. In a fast-moving program involving a large number of cameras,
frequent switching, lapping, and dissolving, the video switcher is an ex-
ceedingly busy individual. Usually his location is immediately adjacent
to the program director who gives instructions to him orally.

Avudio Control Man. One audio control operator can usually handle the
field audio pickup problem without assistance, regardless of the number
of camera chains employed. His responsibilities consist of mixing and
switching the audio program material from all pickup sources employed
and adjusting the over-all level to a value suitable for transmission. In
the most simple case, the audio operator need concern himself only with
the microphone of a commentator describing the event being broadcast.
In more complex situations, it may be required that he switch from one
microphone to another in synchronism with the switching of camera
outputs.
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Relay-transmitter Operator. If a relay transmitter is used, a govern-
ment-licensed transmitter operator must be present to supervise its opera-
tion. Where a transmitter is located in a mobile unit together with the
audio and video control equipment, this function may be performed by one
of the technical operators already described. However, if all equipment
except the transmitter is removed from the mobile unit for temporary
setup elsewhere, as is often the case, then an operator must remain at the
transmitter. The reverse may occur where the transmitter is removed
from the mobile unit and located at a high point while the audio and
video control equipment remains in the truck. In this instance too, a
special transmitter operator may be required.

Electrician. The primary power requirement of field pickup equipment
is often an appreciable item. Failure of the a-c supply would, of course,
result in loss of the program. As a result, it has sometimes been found
advisable to include a competent electrician in the field crew, particularly
when setups must be made hurriedly in unfamiliar locations. His respon-
sibilities are to obtain adequate and reliable sources of primary power,
run temporary power lines to all equipment requiring alternating current,
and otherwise accept responsibility for the primary power circuits being
in accordance with local ordinances.

Program Director. Program directing is not primarily a technical func-
tion. However, since the program director is so closely associated with
technical operations, his functions are briefly described here. He is re-
sponsible for proper coverage of the event from a program-production
viewpoint. His directions to attain this end are translated into technical
operations by the technical personnel. In some instances, in the interests
of economy, the functions of program director and video switcher have
been combined in one person. Although this may be an acceptable
arrangement for the very simple slow-moving events, experience indicates
that top-flight program production cannot generally be achieved in this
manner.

4-2. Field Equipment Application. As compared to an aural broad-
casting pickup, a television remote pickup is a very complex operation.
Because of this, all remote operations should be planned very carefully in
advance. In order to determine intelligently the equipment required for
a given pickup, it is necessary to have an intimate knowledge of how and
where it is to be used. It is instructive, therefore, to become acquainted
with the way the equipment is set up and used for a typical field pickup.

By all odds, athletic events of one kind or another make up the bulk of
all nonstudio television program originations. These include baseball,
football, basketball, hockey, tennis, golf, all kinds of racing, boxing,
wrestling, roller derbies, bowling, and swimming meets. Each of these
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events requires different setup arrangements and, of course, there is not
complete unanimity of opinion as to what camera angles are most success-
ful for any given kind of event. Some popular arrangements are de-
seribed, however, as a guide to coping with any specific pickup problem.

The basic arrangement of technical facilities for televising a field event
is fairly well standardized. Microphone and cameras are located at
vantage spots in the stands or elsewhere around the field. Camera and
microphone cables run from these locations to the camera-control equip-
ment which is installed in a mobile unit, often parked adjacent to the
stands. The video control operator, video switcher, audio control oper-
ator, and program director operate from the mobile unit. Instruc-
tions to the cameramen and commentators in the stands are given by
interphone. From the mobile unit, television signals are often fed to
the main transmitter location by microwave relay—the transmitting an-
tenna ordinarily being mounted on the roof of the grandstand or on one
of the field lighting towers, and the receiving antenna on the main televi-
sion transmitting antenna tower. Occasionally, there are variations from
this standard setup along the following lines: (a) some stations place the
control equipment in a room under the stands, (D) some send the micro-
wave signal to the master control-room location rather than directly to
the transmitter, and (¢) some use coaxial circuits between the field loca-
tion and the master control room.

4-3. Baseball. Without doubt, in the United States, baseball is the
most popular spectator sport. Consequently, baseball pickup techniques
are described at some length, particularly since many of the principles
presented apply equally well to any other field pickup problem.

In the majority of cases, three cameras are used for televising baseball
games. It is true that where a skilled crew is available successful produc-
tions are put on with a two-camera chain. However, where the equip-
ment and personnel are available, there is no question but that a three-
camera chain makes the program director’s task easier, makes possible
better camera angles, and provides insurance against having to produce a
show with only one working camera as would be the case with a two-
camera chain should one unit fail.

The selection of camera locations is an exceedingly important task. In
many instances the restrictions imposed by the construction of the stands,
the size of the field, the direction of the sun, or the inevitable limitations
of space, time, and cost sometimes make it impossible to obtain the loca-
tions that would provide the best possible coverage.

Based upon country-wide experience, it is now the accepted practice in
baseball pickups to locate camera No. 1 so as to obtain the best possible
“standard” or “cover” shot, i.e., the shot used as the pitcher winds up and
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throws the ball (Fig. 4-1). This scene is usually on the air for more of
the total time than any other single shot. The consensus as to the best
position for camera No. 1 is that it be placed 60 to 75 ft back of home plate
and about 20 to 30 ft above the surface of the field, as shown in Fig. 4-2.
This permits the viewer to see the home-plate umpire, the catcher, the
batter, and the pitcher, all at the same time.

Fic. 4-1. In baseball pickups, the most popular camera position is this one, back of
home plate and 20 to 30 ft above the field. From it, both the pitcher’s box and the
home plate may be covered simultaneously.

It is possible, of course, to get a combined picture of the umpire,
catcher, batter, and pitcher from almost any location in the stands. How-
ever, from any position except that directly behind home plate, a fairly
wide-angle lens (usually 50 mm) is required. When such a lens is used
in a situation like this, the players may look foreshortened. On the other
hand, a camera behind home plate sees all four figures nearly in line;
hence a lens of relatively narrow angle (usually 135 mm) may be used,
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provided the camera is not located so high that the vertical angle becomes
the limiting factor. In this instance, also, a wide-angle lens would have
to be used in order to obtain the desired field of view in the vertical
dimension. Again, an undesirable visual foreshortening would result.
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Note: Field of view of {35 mm lens with
camera 75 feet back of hame plate

Fic. 4-2. The essential dimensions of a baseball diamond drawn to scale and the
popular positions and elevations for one, two, or three television cameras.

Another important advantage in the behind-home-plate camera position
is the reduced amount of panning that is required to follow the action.
For example, to follow a ball hit to the outfield, a camera back of third
base would have to pan through an angle of approximately 135 degrees.
On the other hand, a camera behind home plate can follow the ball to any
point on the field without panning more than 30 degrees from the batter-
pitcher center line. Swinging the camera quickly through wide angles is
confusing to the viewer, to say the least.

The location of the second and the third camera is less critical, and,
consequently, there is not a unanimity of opinion as to the best locations.
However, one favorite position for the second camera is directly alongside
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the first camera. This location offers the advantages of not changing the
viewing angle markedly when switching from camera No. 1 (which may
be transmitting the cover shot) to No. 2 which, with a telephoto lens, may
be viewing a close-up of some interesting field action. Further, this posi-
tion for camera No. 2 presents a normal view of the field as a spectator
would see it. Finally, this position results in an alternate camera bein
immediately available in the event that camera No. 1 should fail.
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Fic. 4-3. It is sometimes necessary to construct spemal booths in order to gain a
vantage point for television cameras and to ensure against obstruction of the line of
sight. (Courtesy of KGO-TV, San Francisco.)

Another favored spot for camera No. 2 is also behind the home plate but
higher than the No. 1. This gives a good view of the field, provides some
change in scene, and generally does not confuse the viewer on switching
from camera No. 1 to No. 2. If more change of view is desired and only
a two-camera chain is in use, camera No. 2 can be located at any height,
from medium to high, along either the first- or the third-base line. It must
be reasonably high, however, to get the desired view of the outfield. The
first-base side has the advantage of more action (at close range), but the
direction of the sun may rule against this location.

In three-camera setups, camera No. 3 is usually, although not always,
associated with one or the other of the first two cameras (assuming they
are not already being used together). Camera No. 3 is almost always
used for “local-color” shots, close-ups of interesting action on the field, in
the crowd, or around the ball park.

In choosing any location, it is important that it be high enough so that
people or vehicles do not pass in front of the camera (Figs. 4-3 and 4-4).
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On the other hand, as already mentioned, it must not be so high that the
persons being televised look abnormally foreshortened. With the aid of
Fig. 4-2, which shows the standard dimensions for major league baseball
diamonds and a knowledge of the location of the stands at specific ball
parks, preferred camera positions and lens sizes can be determined in
advance of actuallv coming on the site for a television broadcast.

Fic. 4-4. This especially constructed camera platform, on one face of a steel column,
provides a camera position at a vantage point that otherwise would not have been
available. The crow’s-nest appearance is created by the installation of netting to catch
any objects that might be dropped accidentally. (Courtesy of WEWS, Cleveland.)

4-4. Boxing and Wrestling. Many of the basic principles that apply to
television camera location in field pickup of sporting events are detailed
in the preceding section. Consequently, in this and succeeding sections
dealing with other types of field pickups, the discussion will be limited
to those special considerations that are peculiar to the type of pickup
being analyzed. In each case, however, a sketch is presented giving the
essential dimensions of the area within which the sporting event takes
place. These sketches are useful for reference purposes since they permit
advanced planning of camera angles, lens sizes, and other pertinent
factors.
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The dimensions of a standard boxing and wrestling ring are shown in
Fig. 4-5. The over-all dimensions of the platform are 24 by 24 ft, but the
roped-off section is only 20 ft square. Three ropes, located 2, 3, and 4 ft
above the surface of the ring, are standard features. There is no stand-
ard elevation for the height of the ring above the spectator’s floor.

Two television cameras, located side by side, usually suffice for pickups
of this type. With cameras located as suggested in Fig. 4-5, a 50-mm lens
provides a sufficiently wide angle of coverage to take in the entire ring
with the camera trained in a single direction. However, a 90-mm lens,
which requires some panning to follow the action around the ring, is a
better choice since it provides a better viewing angle and also larger
images of those in the ring. For close-ups of action in the ring, a 7- or
814-in. lens will be found very satisfactory. Where lens turrets are in use
and, therefore, are available for rapid and frequent switching of lenses, all
the sizes mentioned may well be employed together with even longer
focal-length lenses for shots of action in the crowd, or elsewhere, more
distant from the cameras than is the ring or normal center of attraction.

When two or more cameras are employed for pickups of this type, it is
exceedingly important that they all be located on the same side of the ring,
preferably side by side as suggested in Fig. 4-5. If the cameras were to
be placed on opposite sides of the ring, the relative location of all persons
and objects in view would be reversed upon switching from one camera
to another. This sudden shifting of one’s viewpoint from one location to
an entirely different one is not a natural experience and, consequently, is
both confusing and difficult to accept. Furthermore, since the viewpoint
is reversed, objects and persons on the right shift over to the left, and
vice versa. The only advantage that might be achieved by having cam-
eras on more than one side of the ring is to obviate the possibility of
having some interesting action blocked by an unfortunate position of the
participants or the referee. The disadvantages of the arrangement, how-
ever, far outweigh this possibility, and the practice is to be avoided.

In general, the elevation of the cameras above the ring should be as low
as consistent with clearing any person or object that might come between
the camera and the ring. If the cameras are located too high, the camera
angle is an unnatural one from the viewer’s standpoint and the composi-
tion of the picture becomes undesirable. On the other hand, the camera
must be high enough so that the ropes surrounding the ring do not inter-
fere with the line of sight.

Where it is not possible to locate the cameras as close to the ring as
recommended, they may be placed farther away and use made of lenses
having longer focal lengths. It might be thought that long-focal-length
lenses would make it possible to locate the cameras at almost any reason-
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able distance from the ring. Unfortunately this is not the case since the
perspective becomes unduly distorted when they are employed. The
general effect is to make the ring look abnormally shallow with all action
taking place in a single plane at right angles to the line of sight. In other
words the ability to judge depth in the two-dimensional picture is almost
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Fic. 4-5. The dimensions of a standard Fic. 4-6. This scale drawing of a stand-

boxing or wrestling ring drawn to scale, ard football field may be used in plan-

together with suggested positions for one  ning camera locations and for determining

or two cameras. the coverage of lenses of various focal
lengths. Suggested locations for one,
two, or three television cameras are
shown,

totally lost. However, regardless of the location of the pickup cameras,
with the aid of the scale drawing of Fig. 4-5 and the data on television
camera lenses given in Table 2-1, it is an easy matter to determine the lens
complement required for a given set of circumstances.

4-5. Football. Football games are among the most popular of the
sporting events that are regularly televised; in some respects, the television
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viewer is able to see the game better than a spectator at the field. This
stems from the fact that the television cameras are almost always located
on, or at least very close to, the fifty-yard line, and their elevation above
the field is chosen as carefully as possible. Furthermore, when more than
one camera is used, it is possible to switch back and forth from long shots
to close-ups and thereby make visible not only the broad aspects of the
play but also the details. The basic principles of camera location, as dis-
cussed in preceding sections, apply equally well here.

The dimensions of a standard
football field are given in Fig. 4-6,
together with suggested locations f'l
for one, two, or three cameras. If Q
there is a choice as to the side or N
end, it is preferable, of course, to
avoid having to face the cameras
into the sun, which, on a fall after-
noon is at a relatively low elevation.

The range of action on a football
field, coupled with the size of the
field and the surrounding stands or
stadium, calls for the use of lenses —— —~
of all sizes, from wide-angle types et GoxT
having a focal length of only 50 mm ¥ .t X o 5
to those having focal lengths of 20
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most useful for football pickup work.

As with all other pickups, perspective is important in football broad-
casts. The truest perspective, for this and other pickups, is obtained with
a lens having an angular field of view of about 15 degrees. A 135-mm
lens for the image orthicon, or similar diameter camera tube, meets this
requirement and this, no doubt, contributes to the popularity of this lens
for many pickup problems.

4-6. Basketball. A scale drawing of a standard basketball court is
shown in Fig. 4-7, together with suggested locations for two cameras.
Because of the size of a basketball court, and in the light of the basic
camera location principles detailed in preceding sections, there is little
need for more than two cameras for basketball pickups, except as spare
units.

Unlike the sports previously described, basketball pickups may present
some problems in so far as lighting of the court is concerned. Both base-
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ball and football are played outdoors under daylight conditions (except
for games that run over into dusk), or if a night game is involved, brilliant
lighting of uniform coverage is usually provided. Likewise, the boxing or
wrestling ring is usually intensely illuminated and presents no lighting
problem of any consequence. Basketball courts, on the other hand, are
usually indoors and are not al-
ways so well illuminated as de-
sired; it is, therefore, good prac-
tice to check the intensity of the
incident light under actual oper-
cace ating conditions.
[ ! oo LD 4—g7. Ice Hockey. Ice hockey is
probably the fastest sport of all
‘ 5 that are regularly televised not
| O only because a relatively large
‘ ‘ area must be covered but also
ZONE_LINE because the participants skate
about the rink at considerable
speed. In addition, the action is
often long sustained, and the cen-
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S = TS e el sight because of its size, coloring,
= | } and the speed with which it
g ‘ i OT travels across the ice and through
Sg ? l the air. This sport requires the
gf 7 utmost skill on the part of those
ol L responsible for camera pickup
= 3 . . . .
2 and switching if the material is to
| 1oE wockey be presented in a manner that
W1 2 L T ; : :
e is both interesting and easy to
Fic. 4-8. The dimensions of the regulation follow.

ice-hockey rink drawn to scale with sug- Perhaps more so than in any
gested locations for one to three television other sporting pickup, it is im-
Cameras portant in ice-hockey pickups to

group at least two if not all three
cameras (if as many as three are in use) as closely together as possible.
As a general rule, it has been found that a grouping of this kind, coupled
with judicious switching between cameras (in order to effect appropriate
changes in the focal length of the lens trained upon the center of interest),
results in the easiest viewing on the part of the television audience.
Ideally, the viewer should be completely unaware of the switching of
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cameras, being conscious only of the fact that the viewpoint at any given
moment is in keeping with the action that is of interest.

A scale drawing showing the dimensions of a regulation ice-hockey rink
is shown in Fig. 4-8. The suggested locations for cameras are (a) at the
side, approximately 30 ft from the side line and some 20 ft above the ice,
and (D) at the end, approxi-
mately the same distance from ] Emareu 20'

the rink and at a similar eleva- T 4«
tion. As suggested above, all ,w!.o o o
three cameras might well be lo- :IZ 7

cated in one group at the side of 2

celled camera work is required if
an easy-to-follow production is
to be obtained.

Because of the extent of the
action on a hockey rink, use will o
be found at one time or another | wern] NET = 1| | [EUEVATION;20,
for lenses of practically all focal 4
lengths. However, those used
most often are the 135-mm, ]
8Ll4-in., and 13-in. lenses. k.

4-8. Tennis. Like ice hockey, _.5-_.I4GL ,._-27~_.| |__4vf~
tennis is a relatively fast-moving
game but is usually easier to tele-
vise than hockey. This stems
from the fact that (a) for the
most part, tennis matches are
played out of doors in daylight,

(b) the center of interest is a T e et
. i i 16. 4-9. e suggested camera locations
white ball rather than a black for tennis matches difler from the preceding

PUCk’ and (C) the dimensions of examples in that cameras No. 1 and 2 are
a tennis court are considerably not adjacent to each other.
smaller than those of an ice-
hockey field. Furthermore, the costumes of the players and spectators
together with the general surroundings of a tennis court are usually con-
siderably lighter in shade than those of an ice-hockey arena. All these
considerations result in a better lighting contrast for tennis pickups and a
production that is easier to follow by the viewer.

The official tennis court dimensions are shown to scale in Fig. 4-9,
together with suggested camera locations for one, two, or three cameras.

the rink rather than at the end of i %
the arena. In any event, unex- o
{0
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If only one camera is available, it is best employed by locating it at the
side of the court approximately 30 ft from the side line, in the plane of the
tennis net, and about 20 ft above the surface of the court.

Where a second camera is available, it is suggested that it be located
at one end of the court, about 30 ft back of the base line and approxi-
mately 20 ft above the court. This is the first instance where it has been
suggested that a second camera be placed at a location other than along-
side the first. However, because of the fast flight of the ball from one side
of the net to the other, it is generally not desirable to attempt to follow
the game by rapid back-and-forth panning of camera No. 1. Instead, it is
suggested that a camera be placed at the end of the court and employed
to observe the general play. Under these circumstances, the camera in
position No. 1 may be reserved for following the service of the ball at the
beginning of play, action at the net during play, and for general use
around the court between actual plays. This example illustrates the
basic principle of endeavoring to locate cameras in positions that will pro-
vide the most interesting and informative view of the action with the least
amount of camera movement.

If a third camera is provided for a tennis pickup, it may be located
alongside the first. This provides an opportunity to employ lenses of
different focal lengths in the two cameras and avoids the possibility of this
location being uncovered if camera No. 1 should fail during a broadcast.

The lens sizes most useful for tennis matches will depend, of course,
upon the exact positions selected for the cameras. For cameras located
as shown in Fig. 4-9, it will be found that for camera positions Nos. 1
and 3, a 7-in. lens will be useful for watching the ball being served and
50- and 90-mm lenses for pickup of general action on the court. Camera
No. 2, on the other hand, can usually make good use of 90- and 135-mm
lenses for general shots and 7- or 814-in. lenses for close-ups.

4-9. Bowling. Bowling is perhaps the one sport where pickup cam-
eras may be located opposite to each other with reasonable success. The
arrangement is not employed by preference, however, but rather as a
practical working arrangement. As shown in Fig. 4-10, one camera may
be located 5 to 10 ft back of the approach area of the alley and the other
at the opposite end of the alley back of the pins. Camera No. 1 is usually
employed to televise delivery of the bowling ball and to follow its travel
down the alley almost to the pins. At this point, a quick switch is usually
made to the second camera to show the result of the ball hitting the pins.
This arrangement is simply an expedient to obtain a close-up of the pin
action and, from the television audience’s viewpoint, is completely un-
natural since the scene presented is that from the pin boy’s side of the
alley rather than from that of the spectators. However, probably because
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of the relatively simple geometry of the situation, viewers adjust them-
selves to the situation easily and, after a short period of indoctrination,

accept the presentation without protest.

Televising the action on a bowling alley
presents some problems from the viewpoint
of lens selection. Because of the narrow
field of interest on a bowling alley, lenses of
rather long focal length may be used to ad-
vantage. For instance, the camera in position
No. 1 in Fig. 4-10 can usually employ lenses
having focal lengths ranging from 814 to 17 in.
for following the ball down the alley. However,
with a lens of this focal length, the field of view
in a vertical direction is such that it is impossi-
ble to get even a half-length view of the bowler
during delivery of the ball. For this latter pur-
pose, a 50-mm lens is usually required. If the
pickup can afford two cameras at location No. 1,
both short- and long-focal-length lenses may be
used; otherwise, a compromise must be made
between a lens that provides an acceptable view
of the bowler and of the ball,

The camera in position No. 2 is not subject to
this handicap, since its assignment is primarily
to cover the field of interest at the pit end of the
alley—primarily, the area occupied by the ten-
pins. A 90- or 135-mm lens usually serves this
purpose satisfactorily.

4-10. Camera Location Principles. In the
foregoing examples of typical field pickup ar-
rangements, the basic principles of site selection
for the cameras have been presented by specific
illustrations, all in the sports field. However,
since these principles are applicable to public
events and outside pickups other than those ex-
plicitly mentioned, the fundamental tenets are
summarized here. In selecting camera positions
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Fic. 4-10. Study of this
dimensional sketch of a
bowling alley will show the
difficult  pickup problem
that this sport presents.
This is about the only in-
stance where cameras can
be used at opposite ends
of a playing area with any

degree of success.

for televising events in the field, the following principles, where relevant,

should be followed:

a. Choose a position that will provide the most interesting and in-
formative view of the scene with the least camera motion.
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b. To avoid confusion in the minds of the viewer, do not locate cameras
on the opposite sides of a field (bowling is an exception).

c. Choose a location that is sufficiently well elevated to avoid inter-
ference from persons or vehicles that pass between the camera and
the action being televised but not so high that persons appear fore-
shortened.

d. Avoid locations that permit a pillar, post, pole, or other obstruction
to come in front of the camera as it is panned to follow the action.

e. As a rule, if more than one camera is used, the second should be
located alongside the first (tennis matches are an exception ).

f. Avoid facing the sun unless some special circumstances make such
locations mandatory.

g. The problem of keeping the camera in focus with the action at all
times should be kept in mind when a location is chosen.

I. Choose a location that will provide correct perspective of the scene
that is viewed for the majority of the time.

4-11. Camera Llenses for Field Pickups. In the preceding sections a
number of examples are given of the focal lengths of the lenses that are
suitable for use at specific sporting events. Since correct lens selection is
important for every pickup, the principles that serve as a guide are re-
viewed here. In addition, certain lens problems peculiar to field pickup
operation are discussed in detail.

Six lens sizes, 50 mm, 90 mm, 135 mm, 7 in., 13 in., and 17 in. (Fig.
4-11), are used extensively for field pickup work. (Detailed quantitative
information covering these lenses is given in Table 2-1.) The 50-mm lens
is used for wide-angle opening and closing shots of an athletic field, of a
crowd, or of the general scene of a broadcast. The 90-mm is used where a
fairly large field of view is required, as in a baseball game when a man is
on base and it is desired to cover the area from second base to home plate.
(For the standard baseball shot, however, covering just the pitcher to
home-plate area, the 135-mm lens is almost always used.) The 17-in. lens
is used for medium or group close-ups of people on the field. The 13-
and the 17-in. lenses, on the other hand, are used mostly for individual
close-ups and crowd shots in the far stands. Lenses larger than 17 in. are
seldom used for three reasons: (a) They are hard to pan without causing a
picture jitter, (D) their field of view is so limited that if a fast-moving
object is being followed it may be lost, and (c) their long barrels tend to
get into the field of view of the shorter lenses if the latter are also included
on the lens turret.

Although the six lenses mentioned above fulfill most requirements,
some in-between sizes are used in special cases where the available camera
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locations are such that the sizes mentioned result in either too small or too
large a field of view. The alternate sizes found in television use include
focal lengths of 814, 15, 20, and 25 in. Details of typical lenses of these
sizes are given in Table 2-1.

Lens hood

Fixed irises

15" lens

h
@ OOoo

8.5" lens
Lens ‘ ’
carrying a ” u Lens hood
| 19 ¢
3 E Q 35 mm

@ 135 mm 90 mm S(I)e:sm lens
3 lens lens @

Fic. 4-11. The long-focal-length lenses shown at the top of this illustration are
equipped with hoods and make use of the fixed irises shown. Shorter focal-length
Jenses that afford adjustable irises, which are much to be preferred, are shown at the
bottom. The adapter in the center is used on the long-focal-length lenses, as illus-
trated in order to accommodate them to a standard lens turret. (Courtesy of Radio
Corporation of America.)

The Zoomar lens (see Sec. 2-2) is a special type that affords certain
advantages because its focal length is continuously adjustable from 3 to
22 in. For example, if there is adequate light, a camera equipped with a
Zoomar lens can do almost anything a camera equipped with the lens
sizes bracketed can do. In addition, the Zoomar has the advantage that
it can change smoothly and almost instantaneously from one focal length
to another.

However, the Zoomar has its disadvantages. It usually ties up one
camera completely because it generally cannot be mounted on a standard
turret; rather, it requires a special attachment. In addition it usually has
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more aberration than standard lenses; consequently, there is loss of detail
particularly around the edges of the scene. Further, it is not intended for
producing maximum picture definition under poor light conditions. One
type, for example, is limited to a speed of f/5.6 for focal lengths of less
than 12 in. and to /8 for greater focal lengths.

In operation, it is recommended that the Zoomar be panned to follow
the action in the usual way and that the zoom action be manipulated
slowly and only when necessary. Too much zooming will defeat its pur-
pose and distract attention from the subject matter being televised. It is
particularly important that the beginning and the end of the zoom be slow
and hardly perceptible. If a visual impact designed to startle the audience
is desired, a fast zoom is permissible. However, like background music,
the less one is conscious of the camera work, the more the program mate-
rial is likely to be enjoyed.

The Video Reflectar lens (see also Sec. 2-2 and Fig. 2-4) having a focal
length of 40 in. is another special type of lens that proves useful in certain
field pickup situations. However, because of the relatively small field of
view of a lens of this focal length, a very accurate optical sighting arrange-
ment is needed if even moderately fast-moving action in the distance is to
be followed.

Nevertheless, there are undoubtedly situations where the use of a lens
of this type will be indispensable as, for example, where conditions are
such that the television cameras cannot be located as close as desired to
the scene of action. A ceremony taking place on a distant platform, an
event on the far side of a body of water, or some hazardous operation that
cannot be too closely approached are all instances where an extremely
long-focus telephoto lens may be used to advantage. As noted heretofore,
however, perspective is badly distorted by the use of long-focal-length
lenses and, where this is important, they should be considered only where
circumstances make their use imperative.

In planning for a field pickup, it is important to realize that the camera
location makes a big difference in the size of the field covered with any
particular size of lens. When available, scale drawings (both in plan
and in elevation) of the site of the broadcast are very helpful. With the
proposed camera positions spotted on these drawings, the field of view
which the various lenses cover can be studied. A series of transparent
triangles, having angles corresponding to the different lenses, are very
useful in quickly visualizing the possible fields of view. Alternately, one
large transparent angle, corresponding to the widest angle lens available,
can be used with the lesser angles of other lens inscribed on its surface.
Where the action to be televised ranges in some depth, it is necessary also
to check the vertical angle limitations. This problem is accentuated by
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the fact that the 3 by 4 aspect ratio makes the vertical field of view 25 per
cent less than the horizontal.

When outdoor pickups are made on very bright days, it may be impos-
sible to stop the lens down far enough to reduce the highlight illumination
on the photocathode of the camera tube to a value near the knee of the
transfer characteristic (see Sec. 2-7, Photocathode Illumination). When
this condition is encountered, it may be corrected by the use of a neutral
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Fic. 4-12. Among other features this camera includes an internally mounted light-
filter holder that permits instantaneous choice of any one of four color or neutral
density filters. In addition, it incorporates means for remotely controlling lens selec-
tion and iris opening. (Courtesy of General Precision Laboratory, Inc.)

density filter of the proper transmission value to give the required reduc-
tion in illumination. Usually two filters, one having a transmission of 1 per
cent and the other 10 per cent, will give the required amount of control.
Filters of this type are normally mounted in lens adapter rings that either
slip or screw onto the lens. In one instance, however (see Fig. 4-12),
provisions have been made for accommodating neutral density and other
optical filters on a filter wheel which is located immediately back of the
lens turret. The filter disk that rotates independently of the lens turret
may be turned manually until the desired filter (or a clear opening) is in
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frout of the camera tube face. The filter that is selected in this manner
remains in place, regardless of which of the lenses on the turret is in use,
until another filter is moved into place by rotation of the filter disk.

Some makes of longer focal-length lenses do not have adjustable irises.
Under these circumstances, however, inconvenient use can be made of
removable fixed stops such as shown in Fig. 4-11. In this instance, it
might be thought that under extremely bright lighting conditions, there
would be no need for neutral density filters since as small an iris opening
as needed could be used. Unfortunately, this is not the case since it is
seldom possible to use a lens stop smaller than abont /22 because of the
resulting loss of resolution. As a matter of fact, lenses often exhibit maxi-
mum resolution at approximately one stop opening smaller than the maxi-
mum for the lens in question. Maximum resolution should not be con-
tused with maximum depth of focus, however. This latter characteristic
increases with decreasing stop openings.

It is important, under practically all conditions of operation, to make
use of sunshades or lens hoods on the camera lenses. Their use will pre-
vent stray light from striking the surface of the lens and causing loss of
contrast and general degradation of the optical image. The appearance
of typical lens hoods is shown in Fig. 4-11. Lens hoods and other acces-
sories should be securely fastened to their lenses in order to avoid their
loss during severe outdoor operating conditions. Furthermore, because of
the possibility of accidental collision of lenses with the supporting col-
umns or pillars when operating in the field from balconies and platforms,
it is advisable to secure at least the longer lenses by a chain or other
means. If a lens is then knocked loose accidentally, the chain will prevent
it from falling on anyone or anything that happens to be below.

It is advisable to avoid, as much as possible, the removal and replace-
ment of lenses from the lens turret to prevent damage to the threads on the
lens barrel. These barrels are often made of brass (although some are of
stainless steel) and are relatively soft. The threads of the lens turret, on
the other hand, are usually stainless steel; consequently, no force should
be used at any time when attaching lenses to the turret. Lenses employ-
ing bayonet and similar types of couplings are not susceptible to this type
of damage, of course.

On the other hand, when a camera is being transported, it is advan-
tageous to remove the lenses and carry them in a separate container in
order to protect the lenses and to make the camera lighter for carrying.
Lenses having bayonet-type couplings may be readily removed and suit-
able covers substituted in their place on the lens turret. However, since
lenses employing thread-type mounts are prone to having their threads
damaged by frequent removal and subsequent reinstallation of the indi-
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vidual lenses, it is advisable to remove the entire turret and lens assembly,
as a unit, and to substitute a dummy turret in its place in order to protect
the face of the image orthicon and other internal parts of the camera.

4-12. Field Surveys. Before a commitment can be made as to the feasi-
bility of originating a television program from a particular field location,
it is desirable that representatives of both the program and the technical
departments make a survey of the proposed scene of action. During this
survey, information may be obtained as to the availability of (a) suitable
camera locations, (b) commentator vantage points, (¢) primary power
supply, (d) lighting facilities, (e) microwave transmitter sites, (f) park-
ing space for mobile units, (g) camera-control and audio-equipment
positions, (h) video, audio, and telephone circuits, and (i) other facilities
necessary to the successful production of a television program. In addi-
tion to data pertaining to the physical layout, it is also useful to obtain
information as to (a) the names and telephone numbers of the persons
that may be contacted for assistance at the field location, () the shipping
address to which the equipment should be directed, (¢) the route through
the premises over which the equipment will have to be taken to reach its
final location, (d) the time of day when access to the premises may be
had for setting up the equipment, (¢) the opportunity that will be
afforded for testing the setup and rehearsing the proposed program
pickup, (f) the strength of any disturbing magnetic or electrical fields at
camera locations, and (g) the other factors that must be given considera-
tion in preparing for a television origination from a field location.

In all survey work it is important that the conditions recorded be repre-
sentative of those at the time of the day and the season of the year when
the broadcast is to take place. Furthermore, the data should reflect the
conditions that exist when any crowds that are involved are present and
when all ventilating, air-conditioning, lighting, elevator, and other equip-
ment is in operation. More than once the unwary have been surprised to
find that conditions at the time of the broadcast sometimes bear little
resemblance to those existing when a survey was made during a period
that was not representative of the scheduled program time. The presence
of large crowds of people may cause building-structure vibration at cam-
era locations, they may unexpectedly obstruct the field of view of a
camera, or they may create so much noise that the commentator’s remarks
are seriously masked. The load thrown on the power lines by equipment
essential to the operation of the facilities connected with the site of the
pickup may reduce the line voltage to unusable levels, or the circuits may
be inadequate to supply the additional power demands of the television
equipment. The contactors employed for the operation of elevators or of
other machinery may cause serious interference to the audio and video
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circuits. Instances have been known where a single piece of office equip-
ment, such as an adding machine or an electric typewriter, located in an
adjacent building and many floors away, has created enough interference
to ruin a television program completely, simply because its presence was
not detected at the time of the original survey and a full-scale test was
not made prior to the broadcast. In still another case, although a satis-
factory rehearsal was conducted in the afternoon, the air show (which
was scheduled during the evening transportation rush hour) had to be
canceled because of the exceedingly strong magnetic fields set up by the
almost continuous passage of subway trains in an adjoining tunnel and
which made camera operation impossible.

Because of the extent of the information that should be compiled con-
cerning the origination site of a field program, a field survey form is
almost a necessity; its use will certainly speed the survey and guard
against any important data being overlooked. Furthermore, a survey
serves to place in the file information concerning the pickup point and
makes it unnecessary to rely upon a particular person’s memory as to the
length of camera cables required, whom to contact, what kind of power
is available, and the myriad of other details that may be readily recorded
for future reference. The need for a systematic means of keeping records
of field conditions is equally great in both large and small organizations.
In the former, a survey form ensures that all reports are made in a uni-
form manner, and no matter who is finally sent to undertake the pickup,
he will have access to full information concerning conditions at the site.
In a small organization, even though one person may make all the surveys,
he may be ill or unexpectedly out of town when a broadcast is scheduled.
With the information in the file, those who act in his absence are fully
prepared to carry on without loss of time.

In addition to a systematic method of reporting field survey informa-
tion, an invaluable aid for field pickup work is a check list of the equip-
ment required for a given program or location. An equipment check list
serves not only to bring to mind every equipment component that is avail-
able but to act as a “packing slip” when it comes to assembling the equip-
ment for a given pickup. Finally, when the equipment check list has once
been filled out and corrected for any errors or omissions, it can be used
over and over again for subsequent programs of a similar nature from the
particular location which it covers. Thus on repetitive shows it is not
necessary to make completely new lists each time a pickup is to be made.

4-13. Microwave Relay Site Selection. Communication at microwave
frequencies is dependent upon ground wave transmission with the added
complication that, at receiving sites below the line of sight, tropospheric
reflections may be of importance. Consequently, microwave relay trans-
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mitter and receiver site locations should be selected so that there is an
unobstructed line-of-sight communication between the two units, prefer-
ably with terrain clearance of 100 ft. or more. If the terrain clearances
are limited, there may be large variations in signal levels at various times
of the day and seasons of the year. On occasion the minimum signal may
become inadequate to sustain limiting action in the FM receiver that is
used in microwave point-to-point television relay systems. Picture quality
is usually unsatisfactory under these conditions because the signal-to-
noise ratio becomes poor, and the signal intensity may become so low that
the control circuits beyond the receiver may not be able to function prop-
erly because of degradation of synchronizing waveforms.

Microwave Propagation. From a radio wave propagation viewpoint a
receiver site is considered to be above the line of sight to a transmitter if
it is possible for a direct ray to pass from the transmitter to the receiving
point without being intercepted by the bulge in the eartl’s surface, taking
into account the effect of the variation with height of the refractive index
of the earth’s atmosphere upon the wave’s propagation. The reduction in
dielectric constant with height causes the path of the direct ray to be
curved slightly in the same direction as the curvature of the earth’s sur-
face but to a lesser extent. Under these circumstances the radio line-of-
sight condition exists slightly beyond the horizon as determined on the
basis of a geometrical straight-line path. This effect can be taken into
account by assuming that the space waves propagate along straight-line
paths and that the earth has an effective radius slightly larger than its
actual radius.! In practice this phenomenon may be provided for by
assuming the eartl’s effective radius to be approximately 1.33 times its
actual radius. Under these circumstances, the distance d, to the radio
horizon for an antenna height h, as illustrated in Fig. 4-18, is

do = \/2’1,

where dj is in miles and h is in feet. The result of this equation is plotted
in the figure.

When both the transmitting and the receiving sites are elevated a dis-
tance Iy and h,, respectively, the maximum distance dy, over which a wave
can propagate between them, without being intercepted by the earth, is

dL =."\/ 27i1 + \V/ 27i2

where dy, is in miles and Iy and h, are in feet. Figure 4-13 may also be
used to determine the results of the above equation by using the chart
first to find the distance from the transmitting site to the radio horizon,

! Terman, F. E., “Radio Engineer’s Handbook,” p. 683, McGraw-Hill Book Com-
pany, Inc., New York, 1943.
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doing the same for the receiving site, and then adding the two results.
The above formulas and chart are useful for estimating propagation
results over an essentially smooth earth, bearing in mind the recommenda-
tion that for reliable transmission it is advisable to allow for a terrain
clearance of 100 ft or more.
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Fic. 4-13. Distance to “radio” horizon as a function of antenna height. (After Terman.)

For propagation in hilly or mountainous country or where man-made
obstructions loom large, it is generally necessary to resort to plotting the
proposed path of transmission on a chart such as shown in Fig. 4-14.
This profile graph paper (which can be readily prepared as a tracing from
which blue line prints may be obtained for use in practice) is based upon
a fictitious earth having an enlarged radius 1.33 times the earth’s true
radius (3,963 X 1.33 = 5,284 miles) to take into account the refractive
phenomenon explained above. On this type of profile graph paper, the
radio rays may be drawn as straight lines. The abscissas and the ordinates
of this graph can, of course, be changed to provide absolute values more
in keeping with any particular application. It is to be noted, however,
that a square relation exists between the two scales. Consequently, if
the distance in miles is divided by 2 (or multiplied by 2), then the height
in feet must be divided by 4 (or multiplied by 4).

Ground contours, for plotting on this graph paper, may be determined
by reference to topographical maps of the terrain along the proposed
transmission path. In making use of these maps, it should be remem-
bered that, as a rule, they do not show the heights of man-made structures
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Fic. 4-14. Profile paper is useful for plotting the elevation of the terrain between proposed transmitting and receiving sites. The

Iculated field intensities.

upper portion of the chart provides a space for plotting measured or ca
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or botanical growths; rather they show the contour of the land itself.
Under these circumstances, if there are any high buildings, groves of
trees, or other nongeological obstructions along the line of transmission,
they must be taken into account separately. If such obstructions are near
the transmission path (either below or to either side), it is difficult to
predict their exact influence on propagation. In general, they will cause
less difficulty at locations midway between the transmitter and the re-
ceiver and become more of a factor as their location approaches either
antenna.

Field Tests. To determine the propagation limitations of any particular
path completely, it is advisable actually to install relay equipment and to
make test transmissions. This is especially true where large buildings or
other obstructions are in the line of sight or just to one side. Not only is
it possible for such obstructions to create ghosts, but in addition the re-

Fic. 4-15. A remotely controlled microwave antenna mount that permits adjustment
of the antenna in both azimuth and bearing. The antenna reflector shown is six feet
in diameter. (Courtesy of Radio Corporation of America.)
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ceiving antenna may be directed toward a strong reflected signal rather
than along the direct path. The direct signal always has greater strength
and, of course, is preferred for best operation. On the other hand, where
a direct signal cannot be obtained, it may be possible to operate satis-
factorily by means of a strong reflected signal from some large object. In
this instance, both the transmitting and the receiving antennas must be
oriented to take advantage of the reflecting properties of the surface being
used. For direct-line transmission, mirrors for reflecting the sun have
been found useful (under proper conditions) for visually determining
the direction from one site to the other. With the direction established
in this manner, or with the aid of a compass, the final adjustment of the
transmitting and the receiving antennas may be made by observing the
amplitude of the received signal as outlined in Sec. 3-10. Parabolic re-
flectors produce very narrow beams which result in very high antenna
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J/ :
Fic. 4-16. Steel-pipe scaffolding of the type frequently erected for temporary use
may be employed for the construction of antenna towers required on a transitory basis.

(Courtesy of WEWS-TV, Cleveland.)
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gains (5,000 times for a 4-ft reflector). The half-power beam width of a
4-ft reflector operating at 7,000 Mc is only 3 degrees. This means that a
11%4-degree error in either azimuth or elevation of either antenna will result
in a 50 per cent reduction in received power. For a 6-ft-diameter reflector,
the half-power beam width is somewhat less than 2 degrees so that a
1-degree error in either transmitting or receiving antenna orientation will
result in reduction of the received signal to one-half its possible value.
Central Receiver Sites. Television stations sometimes find it advan-
tageous to locate a microwave receiving antenna at some high central
point that will afford good reception from field pickup points scattered
over a wide area. For example, a receiving antenna may be located high
up on the tower that supports the television station’s main transmitter or,
perhaps, on the top of some favorably situated high building which can
serve as a main reception point for field pickups. Such locations are some-
times relatively inaccessible, particularly in inclement weather. Remotely

Fic. 4-17. Each tier of this aluminum-alloy scaffold can be reduced to a package only
6% in. thick and weighing less than 60 1b. (Courtesy of Up-Right, Inc.)
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controlled mechanisms (such as shown in Fig. 4-15) can be installed, of
course, to permit adjustment of the antenna in both azimuth and elevation.

Temporary Towers. The use of temporary type of steel-pipe scaffolding
to create temporary towers, as illustrated in Fig. 4-16, is an excellent
method of obtaining necessary height for microwave relay transmitters
and receivers when no other means are at hand. A tower of this type can
be erected or knocked down in a matter of hours, the time depending
upon the height of the structure. In most parts of the country structures
of this type can be obtained on a rental basis from companies that deliver
the required materials to the site, erect the tower, and subsequently dis-
mantle and remove it. Often, very reasonable rates may be obtained for
this service, particularly if the television station is in a position to contract
with a particular erection company to supply all the needs of the broad-
casting station. Because of the custom-built nature of the structure, the
tower height and size may be individually determined for each installation
thereby providing the maximum possible degree of flexibility. As is shown
by the photograph, the structure consists of metal pipe fastened together
with patented clamps. The diameter and the length of the pipe sections
are chosen to fit the particular needs of the project in hand. Where the
pipe is made of aluminum alloy, the individual sections are light enough
to be carried readily. As shown in Fig. 4-17, each section of the scaffold
illustrated folds into a flat package that is only 614 in. thick and weighs
about 60 Ib.



CHAPTER 5

Synchronizing Waveform Generators

THE ROLE OF THE SYNCHRONIZING WAVEFORM GENERATOR in a television
broadcasting system is all important since the purpose of this unit is the
generation of the accurately timed and precisely shaped waveforms that
are essential to the operation of the television transmitting and receiving
system as a whole. In some respects its function may be likened to that
of the heart since both are concerned with the pulse rate of the systems
they serve. In another sense, it is similar to the brain since it is a nerve
center that aids in coordinating the actions of the apparatus under its
jurisdiction. In any event, because of its prominent place in the genera-
tion of a standard television signal, the synchronizing waveform generator
is one of the most important single pieces of apparatus in the television
broadcasting station.

5-1. Function of Synchronizing Generator. The primary purpose of a
synchronizing waveform generator is to furnish the timing pulses neces-
sary for proper operation of the television field, studio and film cameras,
monoscopes, flying-spot scanners, and other video signal sources. In addi-
tion, it is employed for the generation of the government-specified stand-
ard synchronizing and blanking waveforms (see Sec. 1-7). Its output
does not consist simply of one waveform but several, all properly synchro-
nized to produce a television picture signal in accordance with prevailing
standards. The output waveforms available from a synchronizing wave-
form generator include (a) a vertical driving signal, (b) a horizontal
driving signal, (¢) a composite synchronizing signal, and (d) a blanking
signal. The frequency, the waveshape, and the timing of all these signals
must be suitable for the intended purpose. A description of each of the
signals is given in the following paragraphs. In all instances where nu-
merical examples are given, the figures apply to 525-line 60-field 30-frame
2-to-1 interlaced monochrome transmission.

Vertical Driving Signal. The vertical driving signal consists of a square-
wave pulse having a repetition rate of 60 cps, the vertical scanning rate.
These pulses are used to control or trigger the saw-tooth generators which

144
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supply vertical scanning voltages for camera and picture tubes. In addi-
tion, they are used for the generation of vertical blanking pulses (e.g.,
see Secs. 2-3 and 2-5).

Horizontal Driving Signal. The horizontal driving signal is also a
square-wave pulse but of relatively short duration. The repetition rate of
these pulses conforms to the horizontal scanning frequency or 15.75 ke.
These pulses are used for the generation of horizontal scanning and blank-
ing waveforms for camera and picture tubes.

Composite Synchronizing Signal. The composite synchronizing wave-
form is the signal that must be added to the television-camera picture
signal in order to form (together with the blanking signal) the standard
composite video signal in accordance with governmental standards (see
Sec. 1-7). These synchronizing signals are employed by the television
receiver to synchronize its scanning and blanking action with that of the
television camera. The composite synchronizing signal consists of ()
short-duration, horizontal synchronizing pulses at 15.75 ke, (b) longer-
duration vertical synchronizing pulses of the serrated type at 60 cps, and
(¢) a series of six short-duration equalizing pulses preceding each vertical
pulse and six more following it.

Blanking Signal. A blanking signal is added to the transmitted video
signal in order to extinguish the return traces on picture tubes. It consists
of square-wave pulses at both horizontal scanning frequency (15.75 kc)
and vertical scanning frequency (60 cps). These pulses are of longer
duration than the corresponding synchronizing pulses and are transmitted
at a “blacker-than-black” level so as to ensure complete blanking out of
both the horizontal and the vertical return traces.

5-2. Characteristics of Output Waveforms. To a degree, the shapes of
the output waveforms of synchronizing generators are determined by the
govemmental standards covering television transmissions. However,
although these standards detail the shape of the synchronizing and blank-
ing pulses that are finally transmitted, in addition to their relative ampli-
tude, they do not cover absolute amplitudes of the synchronizing gen-
erator output waveforms, the load impedance for the various outputs, nor
the shape and amplitude of the vertical and horizontal driving pulses.
Government standards covering these details are unnecessary since sev-
eral types of synchronizing generator waveforms can be used in pickup
equipments and still generate a standard composite picture signal for
broadcasting purposes. However, they are of importance to the broad-
caster who is interested in the interchangeability of equipment and in the
possibility of operating together television pickup equipment of various
makes. Therefore, in order to facilitate the mixture of apparatus of differ-
ent manufacture, industry recommendations have been formulated cov-
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ering the items enumerated above pertaining to the characteristics of
synchronizing waveform-generator output waveforms, amplitudes, imped-
ances, signal polarities, and other pertinent details.! The characteristics
of particular interest to the broadcasting engineer are presented in the
following paragraphs.

Vertical Driving Signals. The standard shape for the vertical driving
signal is shown by waveform No. 3 in Fig. 5-1. In this drawing the usual
convention is followed of presenting negative-going signals in a downward
direction. Therefore, the vertical driving signal is shown in this illustra-
tion as a negative-going pulse; consequently, its base line is represented
by the upper horizontal lines at the left and right extremities of wave-
form No. 3, the pulse itself going in a downward direction from this base
line. The duration of the vertical driving pulse is specified as being
adjustable from 14 to 1 times the width of the standard vertical blanking
pulse. The duration of this latter pulse is standardized as being between
5 and 8 per cent of the duration of a complete field, or between 833 and
1,333 microseconds in length (see Sec. 1-8, Vertical Blanking Pulses).
Thus, the duration of the vertical driving pulse should be adjustable be-
tween the limits of 415 and 1,333 microseconds (one-half the lower and
one times the upper limits). The output signal polarity is specified as
being available both negative, as shown, and positive. The amplitude of
the signal may be any value between 3.5 and 8 volts across a 75-ohm
one-side-grounded load.

Horizontal Driving Signals. The standard shape for horizontal driving
signals is shown by waveform No. 4 in Fig. 5-1. Again, a negative-going
signal is illustrated although the standard calls for the availability of sig-
nals of either polarity. In any event, in waveform No. 4 the upper hori-
zontal line represents the base line; consequently, two complete down-
ward-going horizontal driving pulses are shown. The duration of these
pulses is specified as being adjustable between the limits represented by
1% to 1 times the duration of standard horizontal blanking pulses. Since
the duration of a horizontal blanking pulse is 11.4 microseconds (see
Sec. 1-8, Horizontal Blanking Pulses), horizontal driving signals must be
adjustable between the limits from 5.7 to 11.4 microseconds. The output
amplitude of horizontal driving pulses is specified as being between 3.5
and 8 volts across a 75-ohm one-side-grounded load.

Composite Synchronizing Signal. For the reasons explained elsewhere
(see Sec. 3-2, Synchronizing-signal Amplifier, and Sec. 6-5), synchroniz-
ing pulses are added to the combined picture and blanking signal after all
mixing and fading of the various picture-signal sources are undertaken.

* RTMA Standards Proposal No. 378, “Electrical Performance Standards for Tele-
vision Studio Facilities,” Radio-Television Manufacturers Association, New York.
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For this reason a train of composite synchronizing pulses is required as a
part of each television pickup system. The configuration of the combined
horizontal synchronizing, vertical synchronizing, and equalizing pulses is
shown as diagram No. 1 in Fig. 5-1. Again the pulses are shown in a
negative or downward-going direction so that the upper horizontal line
represents the base line for the pulses illustrated. Diagram la shows the
series of synchronizing pulses corresponding to a field that ends with a
tull line, while diagram 1b corresponds to a field that ends in a half line.
These waveforms are commensurate with those that make up the standard
composite video signal (see Sec. 1-7, et seq.) which consists of the syn-
chronizing signal illustrated combined with blanking and picture signals.
Since the function, duration, and other characteristics of these pulses have
been described heretofore, they will not be repeated here.

The output polarity of the synchronizing pulse train is specified as being
available in the form of either positive or negative pulses as required for
a given installation. The amplitude of the pulses from a waveform gen-
erator meeting the recommended standards is between 8.5 and 8§ volts,
peak to peak, across a 75-ohm one-side-grounded load.

Blanking Signal. The blanking signal is usually added to the picture
signal in the camera-control unit, as explained in Sec. 2-5, Blanking-pulse
Shaper and Clipper. Accordingly, a train of combined vertical and
horizontal blanking pulses is necessary to perform this operation. The
recommended waveforms are shown by diagram No. 2 in Fig. 5-1. As
with all other diagrams in this figure, the blanking pulses are shown as
downward or negative-going pulses although the standard calls for pulses
of either polarity. The pulses shown by diagram 2a represent, from left
to right, the blanking pulses associated with the last three lines of a field
that ends with a complete line, next the vertical blanking pulse and,
finally, two more horizontal blanking pulses. The series of pulses shown
in diagram 2b are the corresponding ones in a field that ends with a half
line at the bottom of the field.

5-3. Basic Circuit Arrangements. Synchronizing waveform generators
usually consist of three basic parts: (a) the pulse-former or timer unit,
(b) the pulse-shaper unit, and (¢) a power-supply unit. The pulse
former generates the basic timing pulses and determines their rate, while
the pulse shaper converts the accurately timed pulses into the four wave-
forms detailed in the foregoing section.

Basic Frequencies. A review of the waveforms that are produced by a
synchronizing generator reveals the basic frequencies that are necessary
to synthesize the complex trains of pulses involved. First, for exam-
ple, there are vertical synchronizing, blanking, and driving signals that all
occur at a 60-cps rate. Second, there are the horizontal synchronizing,
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blanking, and driving pulses that occur at a 15,750-cps rate. Finally, there
are the equalizing pulses and the serrations in the vertical synchronizing
pulse, both of which occur at a 31,500-cps rate. Various admixtures of
properly shaped and properly timed pulses of these three frequencies are
therefore used to generate the synchronizing waveforms required.

The three basic frequencies required for the creation of the synchroniz-
ing pulses may be obtained in a number of ways. However, all of them
must bear a fixed relation to one another and, in addition, the individual
frequencies must be accurately determined and very stable. In practice,
at least two basically different methods have been successfully employed
to obtain the desired relation between the three basic frequencies. One
method employs pulse-counter circuits, while the other makes use of
binary scalers. Multivibrator circuits have also been employed for the pur-
pose but are generally considered inferior to the two methods mentioned.

Frequency-control Circuits. In all cases, uniformity of timing is achieved
by deriving the basic timing pulses from a master oscillator whose fre-
quency may be stabilized by a crystal oscillator or by lock-in with an
external frequency source such as the a-c power-supply line or a remotely
located source (e.g., another synchronizing waveform generator). The
normal method employed for controlling the frequency of synchronizing
waveform generators, particularly those used in fixed locations, is to lock
the master oscillator circuit to the a-c power line. This type of operation
has been adopted largely because of the need for operating motion-picture
film projectors in step with the synchronizing generator as explained in
Sec. 9-6, Projector Synchronizing. Although this method of operation is
not mandatory for all types of film projectors, it is one of the easiest ways
to operate the equipment and requires the minimum of associated elec-
tronic equipment.

Another reason for locking the synchronizing generator to the a-c power
line is to minimize hum problems in home receivers and in picture moni-
toring equipment in the broadcasting station. Any residual hum in the
video amplifiers or the deflection systems of these equipments will mani-
fest itself as beam (brightness) modulation or picture displacement, re-
spectively. However, television receivers and picture monitors connected
to the same a-c power system as is used to control the frequency of the
synchronizing generator will avoid the movement of these spurious signals
over the picture display. Where the power source used to operate the
receiver is not the same as that used to control the synchronizing gen-
erator, any spurious signals that exist will drift upward or downward
through the picture at a rate determined by the difference in frequency
of the two power supplies. With well-designed receivers this is not a
major problem, however, and the primary reason for locking synchronous
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generators to the power-supply frequency is, therefore, in connection with
the operation of film projection equipment.

In practice, synchronizing waveform generators employed in fixed in-
stallations are seldom operated with crystal control because of the advan-
tages (just enumerated) of operating with the unit locked in with the a-c
power line. On the other hand, crystal control may be used, on occasion,
in field setups where film projectors are not in use and where the power-
supply frequency (which may be from a portable unit) is unstable.

Control of the basic frequencies of synchronizing waveform generators
by a remotely located source of frequency is practiced where it is neces-
sary to fade or lap dissolve from a remote program origination to a local
one, or vice versa. Such control poses a problem, however, in the opera-
tion of the local motion-picture projectors which must also be synchro-
nized with the remotely located source of frequency. This may be accom-
plished with the aid of auxiliary equipment, at the expense of a somewhat
more complicated method of operation (see Sec. 5-6).

Pulse Generators. For the most part, multivibrators are used in syn-
chronizing waveform generators for the formation of the various rectangu-
lar pulses that are required either for the creation of the various output
waveforms or for control functions incidental to the generation of these
output waveforms. Several general types of multivibrator circuits are
employed for the purpose. In some instances, conventional astable or
“free-running” multivibrator circuits are employed, their frequency of
oscillation being controlled by the application of accurately timed pulses
of the proper polarity. In other cases, monostable or “fip-flop” multi-
vibrators, which produce one complete cycle of operation upon the appli-
cation of each control pulse, are employed. In still other instances, bi-
stable multivibrator circuits are used; i.e., multivibrators that have two
conditions of stability, one wherein one tube remains in a conducting state
while the other is cut off until a control pulse applied to one tube causes
the condition to be reversed. The new condition of operation is then
maintained until a second control pulse is applied to the opposite tube.
In the latter type of multivibrator, the length of the resulting output pulses
is determined by the delay between the starting and the stopping
pulses.

Delay Lines. Delay lines are used extensively in synchronizing wave-
form generators in order to obtain control pulses that are correctly timed
with respect to each other. The construction of the delay lines is quite
conventional, employing inductors and capacitors in the usual artificial
line configuration. Depending upon the amount of delay required for any
given application, the delay lines may employ 30 to 60 or even more sec-
tions, each consisting of an inductor and a capacitor. Taps are brought
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out from the junction between sections in order that the timing intervals
may be accurately adjusted to precisely the amount required.

5-4. Binary Scaler-type Generator. A portable synchronizing wave-
form generator employing binary scaler counters is shown in Fig. 5-2.
The small size, light weight, and compactness of this type of synchronizing
generator permit the entire unit, consisting of a frequency generator, a
pulse shaper, and the necessary power supplies, to be contained in a
single unit. The size of the carrying case is approximately 10 by 17 by
26 in., and its weight is 75 1b.

Fic. 5-2. A portable synchronizing waveform generator employing binary scaler-type
counter eircuits. A pulse generator, a pulse shaper, and the necessary power-supply
circuits are all contained in one unit. (Courtesy of General Precision Laboratory, Inc.)

A rack-mounted synchronizing waveform generator employing binary
counters is shown in Fig. 5-3. The chassis at the top comprises the timer
or frequency-generating unit, and the one immediately below it is the
pulse-shaper unit. Block schematic diagrams of the circuits employed in
this synchronizing waveform generator are shown in Figs. 5-4, and 5-9 to
5-12. The functions and the manner of operation of the various circuits
are described in the following paragraphs.

Frequency-generating Circuits. In order to create the output wave-
forms required of a synchronizing waveform generator, accurately timed
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pulses are necessary at frequencies of 60, 15,750, and 31,500 cps. In the
binary scaler type of generator, a master oscillator operating at the highest
required frequency (31,500 cps) provides the basic source of energy, the
lower frequency components then being obtained by frequency division
undertaken with the aid of binary scaler counter circuits. To obtain the
horizontal and vertical scanning fre-
quencies of 15,750 and 60 cps,
the required frequency divisions
are 2 to 1 and 525 to 1, respec-
tively.

In Fig. 54 the master oscillator
V17 is a 31,500-cps astable or free-
running multivibrator employing
the two diode sections of V18 as sta-
bilizers. The frequency of this os-
cillator may be controlled by any
one of three methods. Crystal con-
trol may be employed with the aid
of the crystal-controlled oscillator
V16, which operates at three times
the frequency of the master oscil-
lator frequency, or at 94,500 cps.

A second (and most common)
. method of control is to lock the
= master oscillator to the power-line
= frequency. This is accomplished
L / by the automatic-frequency-control

circuit consisting of power-line sine-
Fic. 5-3. In this rack-mounted syn-  wave amplifier tube V18A, dual-
chronizing waveform generator, which triode a-f-c¢ tube V14. and master
employs binary scaler counter circuits, oscillator control tube V15A. A

the pulse-former or timing unit is at the P line §
top, and the pulse-shaper unit is at the UL OLN e ASCpOWERS I dhes

bottom of the assembly. (Courtesy of quency is applied, via V134, to the
General Electric Company.) input of the dual triode V14 which

is gated by pulses obtained from
the output of the binary chain via buffer tube V15B. These pulses are
at field frequency rate which is nominally 60 cps although the exact fre-
quency is a function of the frequency of the master oscillator from
which they are derived. If the gating pulse arrives exactly when the
instantaneous 60-cps a-c line voltage that is applied to the input of the
gated tube is passing through zero, there will be no correction voltage
applied to the master oscillator control tube V15A. If the gating pulse
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arrives at any other time, a correction voltage will be applied to the fre-
quency control tube, and the master oscillator frequency will be auto-
matically changed. Correction of the master oscillator frequency will
take place until, finally, each gating pulse arrives exactly at the moment
the instantaneous a-c line voltage passes through zero. When once locked
to the a-c line frequency, the master oscillator will continue to remain

94.5ke.
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Fic. 5-4. Schematic block diagram of the frequency control circuits of a synchroniz-
ing waveform generator that incorporates provisions for locking the master oscillator to
any one of three frequency sources. Details of an associated delay line are also shown.

synchronized to this reference frequency, since any tendency to wander
off frequency will cause a correction voltage to be generated which, via
the master oscillator control tube V15A, will bring the oscillator back into
step. In order that the phase of the output of the synchronizing waveform
generator may be in keeping with the requirements of associated equip-
ment, the phase relationship between the power-line frequency and the
locked-in master oscillator tube is continuously variable.

The third, and final, method of frequency control that is provided in the
synchronizing generator illustrated permits locking the master oscillator
to an external source such as a remotely located synchronizing waveform
generator, as explained in Sec. 5-6.

The 31,500-cps output of the master oscillator, whatever its controlling
source, is differentiated and then applied to the grid of a clipper tube,
V194, which sharpens and amplifies the differentiated pulses. The result-
ing pulses, which are of positive polarity and of twice horizontal scanning
frequency, are then applied to a delay-line driver tube, V19B. The output
of this tube is fed to three points: («) a delay line (see Fig. 54), (b) a
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horizontal-gate trigger amplifier, V25B, and (c) a binary-chain trigger
amplifier, V29A (see Fig. 5-11).

Delay Line. The delay line, to which a portion of the master oscillator
output amplifier is applied, consists of 50 individual pi sections, each con-
sisting of a series inductance and a shunt capacitance, as shown in the
delay-line detail of Fig. 5-4. A tap is brought out from the junction of
each section of the line in order to provide means for obtaining a source of
31,500-cps pulses with any desired amount of delay up to the maximum
obtainable from the line. The first 20 sections of the line provide approx-
imately 0.33 microsecond of delay per section and the remainder ap-
proximately 0.22 microsecond per section. Thus the maximum delay
obtainable is in the order of 13.2 microseconds, or about 20 per cent of a
horizontal line, i.e., 0.2H.

The output of the delay line is employed to control the starting and the
stopping of multivibrators which form (a) the vertical and horizontal
synchronizing pulses, (b) the equalizing pulses, (¢) the horizontal and
vertical blanking pulses, and (d) the horizontal and vertical driving
pulses. The taps on the delay line provide a means for obtaining accu-
rately timed pulses for performing these operations. Thus, the relative
timing and the duration of the various pulses that are generated by the
synchronizing pulse generator are determined by the very stable passive
components that are employed for creating the delay line.

The various taps on the delay line (Fig. 5-4) are employed for driving
circuits that perform the following functions:

a. Width of horizontal synchronizing pulses (the start is determined by
position of tap G, the end by tap J).

b. Width of vertical synchronizing pulses (start by tap G and end by
tap C).

c. Width of equalizing pulses (start by tap G and end by tap H).

d. Width of front porch (start by tap F and end by tap G).

e. Width of serrations in vertical synchronizing pulse (start by tap C
and end by tap G).

f. Timing of counters that determine the number and the positions of
equalizing pulses and serrated pulses (taps D and E).

g. Start of horizontal driving pulse (tap B).

The details of the circuits employed for the formation of the pulses
enumerated above are explained below, following an explanation of the
operation of the binary-counter type of frequency divider.

Binary-counter Circuits. Frequency division of the 31,500-cps output of
the delay line is undertaken with the aid of binary counters in order to
obtain accurately timed 60- and 15,750-cps pulses. Basically, the binary
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scaler counter is a heavily biased relaxation oscillator consisting of two
triode sections directly coupled to each other, as shown in Fig. 5-5. The
circuit has two stable conditions: one in which the first triode is conduct-
ing and the second is cut off, and one wherein the reverse condition pre-
vails. This bistable or “flip-flop” action provides the basis for a scale-of-
two or binary-counter circuit.

° —g3
L [ B+
! °_‘]\
TRIGGER
i R3
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= o4
8 O OQUTPUT
FEEDBACK
ouT
L

FEEDBACK
INPUT
R2
ZERO RESET

6 a
PRESETTING

Fic. 5-5. The schematic circuit of a counter that, by reason of its bistable action,
provides the basis for a scale-of-two or binary-counter circuit.

The sequence of operation may be explained by starting with the
assumption that one tube is conducting, say V2. The triggering pulse,
which is negative in polarity, is applied to the grids of both tubes through
the input network shown. This pulse has no effect upon the cutoff tube
V1, but it does cause the plate current of the conducting tube V2 to de-
crease, thus creating a rise in plate voltage on this tube. However, the
grid of the cutoff tube V1 is directly coupled to the plate of V2, via the
voltage divider consisting of resistors R1 and R2 in series. Consequently,
the rise in plate voltage of V2 is reflected on the grid of V1 and causes the
tube to begin to conduct. This causes the plate voltage of V1 to be low-
ered because of the voltage drop in its plate resistor R3. This voltage
drop, in turn, is applied to the grid of the tube that was originally conduct-
ing, V2, via the voltage divider consisting of resistors R4 and R5. This
drop in voltage augments the negative pulse that started the action, and
the cumulative effect results in tube V2 becoming completely cut off and
V1 conducting. A second trigger pulse, of the same polarity as the first, will
reverse the action and return the scaler circuit to the initial set of condi-
tions that existed before the first of the two triggering pulses was applied.
Thus the binary scaler circuit goes through one complete cycle of opera-
tion upon the application of two triggering pulses. Accordingly a 2-to-1
frequency division is effected by the binary scaler circuit.



JO synoIP 9y} jo s[RI d

‘2-G *81 Ul SwIojoARM 9y} Jo s|rejep pue ¢—¢ ‘31 ur usaId a1e O[Z 0} [Z S19IUN0D Areuiq oy}

‘SI9JUN0D OMm]-J0-31eds A[[EdIseq SY} WO POUIRI(O I SUOISIAID [-03-G Ut ‘[-0}-) ‘[-03-G[ ‘SHNO

-IID YOR(pPad) S[(elns Jo oMuia A( ‘urerdym 1ojersual wiojeaem Surziuoryouds e jo uoniod isunod-Areurq Yyl ‘9-g O

R

xOmVJ'/YW ®v2_+
Ilﬂ>®>mw|[|. ssapialp Aiourg 0001% ¥
o 2
= e 8T '
I L ool =001 1Ly duwo
aGIA E9NI 2 L o0qpasy
dwo ajob 8 S 8 g 8 Us Kiouig
o | | T PO R PO S | S v iy =y Iy e ==
i ¢ ¢ ¢ % ¢ ¢ ¢ ¢ ¢ _ .
o] V4 62 82 LZ 9z GZ vz €z 2z ¥4
L L J 3 AA
R} 1:L 1:Gl %429
AQIZH %96

AGLEH

CUINSY - 12Ut OI Z 04 1Z

dwo
_moth uioyd g61A
Joulg Ao
_||. 4ndino
022 OW wody
$d2 00G'1€

156



Sec. 5-4] BINARY SCALER-TYPE GENERATOR 157

The output of each scaler is a square wave having one positive- and one
negative-going pulse per cycle of operation. However, only the negative-
going pulse will trigger a binary scaler. Therefore, when the output of
one binary scaler is directly connected to the input of a second unit, the
second scaler will be triggered only once for each complete cycle of opera-
tion of the first unit. Thus, the second unit will not complete a cycle of
operation until the first unit has gone through two cycles of operation.
This requires the application of four triggering pulses to the input of the
first unit. Therefore, a series of binary scalers connected in cascade yield
total divisions that are integral powers of 2. For example, five cascaded
scalers will result in a total division of 25 or 32.

On the other hand, both decade and odd-number divisions are often
required, e.g., 525 to 1. This type of operation may be obtained from a
binary-counter chain by the application of feedback loops. For example,
in Fig. 5-6 there is shown the binary-counter portion of the synchronizing
waveform generator being described. In this circuit, binary scalers Z5,
76, and Z7 are three cascaded units that would ordinarily produce a 23 or
an 8-to-1 division. However, this action may be altered by application
of a feedback loop from the output of one scaler in the group to the input
of another. By inserting a small amount of delay in this loop, extra pulses
from the output may be applied to the input and thereby modify the
effective frequency division of the group as a whole.

For example, in the group of three scalers mentioned, a feedback loop
is applied from the output of the third scaler to the input of the first unit.
Therefore, immediately after the third scaler produces an output pulse
(i.e., after the application of eight pulses to the first scaler in the group),
a pulse will be fed back to the input of the first scaler in the chain. This
pulse serves as the first of the next group of eight that are required to
actuate the chain; consequently, after only seven pulses have been applied
from the normal sources of triggering signals, the last counter will again
trigger and the cycle is repeated. Thus, this group of three binary scalers
produces a 7-to-1 division rather than the normal 8-to-1 division which
results when there is no feedback loop present.

The action of a chain of binary counters of any given number of units,
with a feedback loop applied from the last unit to any preceding one in
the chain, may be generalized by the following formula:

Total division = 2» — 27

where n = total number of binary scalers.
p = order number of scaler to which feedback (from output scaler)
is applied; i.e., if at input of first scaler, p = 0; if at output of
first scaler, p = 1, if at output of second scaler, p = 2; etc,
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Applying this formula to the Z5, Z6, Z7 chain shown in Fig. 5-6, n = 3,
and p = 0, since the feedback is applied to the input of the first scaler;
therefore, the total division is

281= 20A=18 ="y
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Fic. 5-7. The waveforms produced at various points in the binary-counter chain

shown in Fig. 5-6. The nomenclature Z1-4 (and similarly) signifies the output of
binary counter Z1 at terminal No. 4.
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In the synchronizing waveform generator illustrated, the 525-to-1 fre-
quency division required is obtained by three chains of binary counters
providing divisions of 15 to 1, 7 to 1, and 5 to 1, respectively, or a total of
15 X 72X 5 = 525 times. The first group of scalers, Z1 to Z4 inclusive,
has a feedback loop applied from the last scaler to the input of the first
scaler. A grounded-grid amplifier, V29B, is used in
the feedback loop to obtain the proper amplitude
relation between the feedback pulse and the regular
triggering pulses that are obtained from V29A. The
waveforms for this group of binary counters are
shown in Fig. 5-7a. The first line of this illustration
represents the triggering pips; the second line shows
the output of scaler Z1; the third line, the output of
Z2; etc. The next to last line shows the feedback
pulse and the last line the output of Z4. Here it is
seen that there is one negative-going stroke after
every 15 input pulses.

The second group of scalers, consisting of Z5 to Z7
inclusive, has already been described. The wave-
forms associated with this group are shown in Fig.
5-7b. The third group, comprising Z8 to Z10 inclu-
sive, has two feedback loops; one from the last scaler g 5.8, This com-
Z10 to the input of the first scaler in the chain Z8, and pletely self-con-
another feedback loop also from the last scaler Z10 to  tained, plug-in bi-
the second unit in the chain Z9. This combination of gﬁ?’ 153;?1? i:l(lllitani
feedback .10,OPS applied to a three-unit chain resul’Fs etel)‘] and i@tk in: Highs
in a net division of 5 to 1. The manner in which this including the tube
operation is obtained may be seen from the wave- that is plugged into
forms presented in Fig. 5-7c. the top of the device.

The binary scaler units used in the synchroniz-
ing waveform generator described are self-contained interchangeable
plug-in units (Fig. 5-8) that reduce maintenance time to a minimum.
The dual-triode tube that is a part of the binary scaler is also a conven-
tional plug-in unit so that either the tube or the scaler circuit itself may
be immediately replaced in the event of failure.

Pulse-shaper Circuits. The standard synchronizing signal (Fig. 5-1),
may be thought of as consisting of horizontal synchronizing pulses at all
times except during the first portion of the vertical blanking interval. At
this time, nine of the horizontal synchronizing pulses are replaced by
other types of pulses. For the remainder of the vertical blanking interval
and throughout the following field, horizontal synchronizing pulses
exist.
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In the synchronizing waveform generator described, the output wave-
form is produced by starting and stopping a multivibrator with accurately
timed triggering pulses which are applied in the correct sequence to pro-
duce directly the complex series of pulses that comprise the standard syn-
chronizing signal. Separate triggering pulses are used to start and to stop
the multivibrator and, consequently, the width of the resulting output
waveforms may be controlled by the delay in time between the starting
trigger and the stopping trigger.

As mentioned previously, the leading edge of all the pulses that make
up the standard synchronizing waveform may be timed by a 31,500-cps
source of frequency. Accordingly, the starting triggers are simply pro-
duced at this rate by circuits that are synchronized with the 31,500-cps
master oscillator in the frequency-generating portion of the synchronizing
waveform generator. The stopping triggers, on the other hand, must be
delayed by prescribed amounts with respect to the starting trigger in order
to produce output pulses of the specified duration. Furthermore, the
sequence in which the variously delayed stopping triggers are presented
must be accurately controlled. This is accomplished by the use of gating
circuits which determine the number and the position of each type of pulse
in the final signal. The pulses that control the gating circuits are also
derived from the frequency-generating portion of the synchronizing gen-
erator with the aid of series of binary counters, over and above those used
in the frequency-generating unit already described.

Alternate 31,500-cps pulses must be removed except during the two
equalizing pulse intervals and the vertical synchronizing signal interval.
This, too, is accomplished with the aid of a gating circuit which is con-
trolled by a combination of pulses obtained from the master oscillator via
a 2-to-1 counter and from the second binary-counter chain. Details of the
process can be presented with the aid of Fig. 5-9. The multivibrator
which receives the starting and stopping pulses to form the synchronizing
signal employs two tubes, V123 and V124. The circuit values are such
that this multivibrator will remain in a stable condition, with one tube
conducting and the other cut off, until a triggering pulse is received that
reverses the state of equilibrinm. Starting triggers are applied to one tube
and stopping triggers to the other. Each of the tubes contains two control
grids, one of which is employed for the triggering function and the other
for the usual multivibrator circuit connections. As a result, starting trig-
gering pulses may be applied to one tube without affecting the action of
the other, except through the resulting multivibrator action.

The triggers, waveform (k) in Fig. 5-10, are of negative polarity, and
when they are applied to a tube that is conducting, the reduction in plate
current causes the plate voltage on the tube to rise. This action, by rea-
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son of the usual multivibrator circuit connections, causes the other tube
(which was cut off) to become conducting. The rise in plate voltage on
the first tube constitutes the start of a synchronizing waveform of positive
polarity. This pulse continues in time duration until a negative stopping
trigger, waveform (j), applied to the second tube (which is conducting)
to cut it off, reverses the action, thus terminating the pulse.
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Fic. 5-10. The waveforms existing at various points in the synchronizing pulse syn-
thesis circuits shown in Figs. 5-9, 5-11, and 5-12.

The starting triggers (k) are obtained from a tap G on the delay line to
which a portion of the 31,500-cps output (a) of the frequency-generating
circuit is applied. This delay line output is applied first to a starting-trig-
ger amplifier VI19A and then to the synchronizing signal-generating
multivibrator V123, V124.

The formation of the stopping triggers is considerably more complex
because of the various amounts of delay and the gating action that is
required in order to achieve the complicated sequence of presentation
required to form the standard synchronizing signal. The train of stopping
triggers is produced by combining three separate trigger formations which,
individually, determine the trailing edges of («) the horizontal synchro-
nizing pulses, (b) the vertical synchronizing pulses, and (c¢) the equaliz-
ing pulses. However, before the formation of these three sets of signals is
described, the generation of the associated gating pulses will be explained.
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Gating-pulse Formation. Three kinds of gating pulses are required to
turn on and to turn off the three types of stopping-trigger pulses enu-
merated above. The gating pulses are rectangular pulses accurately timed
with respect to the other signals employed in the synchronizing waveform
generator. They are derived from the master oscillator with the aid of a
series of binary counters and associated amplifiers as shown in Fig. 5-9.

The input for the binary-counter chains waveform (e) (Fig. 5-10) is
obtained from tap D on the delay line (Fig. 5-4) associated with the
31,500-cps output of the frequency-generating portion of the synchroniz-
ing waveform generator. A gating amplifier, V112 (Fig. 5-9), is employed
to control the flow of pulses (f) from the delay line to the first counter in
the chain.

The binary counters are arranged to provide four different frequency
divisions which, in various combinations, are employed to form the gating
pulses. Binary counters Z101, Z102, and Z103 are connected in cascade,
with a feedback loop from Z103 to Z102, and produce a 6-to-1 frequency
division. The output of this chain is applied to binary-counter amplifier
V118A and thence to counters Z105 and Z106 which are connected in
cascade with a feedback loop from the output to the input, thus providing
an additional 3-to-1 division. The output of this counter chain is used to
drive a single counter Z107 which provides a 2-to-1 division. Thus, the
output of the chain of six counters just mentioned provides an over-all
division of 36 to 1.

The first of the three gating pulses created with the aid of the output
from the binary-counter chains is a rectangular pulse (i) having a dura-
tion equal to nine times the horizontal synchronizing-pulse interval. It is
employed during the first portion of the vertical blanking period to pre-
vent the formation of horizontal synchronizing pulses during this interval.
As shown by Fig. 5-1, there are no horizontal synchronizing pulses present
during an interval, totaling 9 in duration (where H equals the horizontal
scanning interval) which commences at the beginning of vertical blanking.

The beginning of the 9H pulse is initiated by the differentiated leading
edge of waveform (D) (Fig. 5-10) of the output signal of the vertical
blanking multivibrator V21 (Fig. 5-11). This positive pulse is applied
to amplifier VI108A (Fig. 5-9), the negative output pulse (c¢) of which is
applied to binary counter Z107. The resulting positive output pulse from
7107 is applied to the 9H gating-amplifier V111B from whose cathode
circuit a positive gating pulse (d) is obtained and applied to the binary-
counter gating amplifier V112. This permits the flow of 31,500-cps nega-
tive-triggering pulses (f) to the binary chain Z101 to Z103. The eight-
eenth trigger applied to the input of the counter chain causes Z107 to
cycle. This action returns it to the state that existed before the triggering
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pulse was received from the vertical blanking multivibrator, thus ending
the 9H gate. The ending of the 9H gating pulse prevents further applica-
tion of triggering pulses to the input of the binary chain until the next
pulse from the vertical blanking multivibrator starts the entire process
over again. Thus there is created a rectangular gating pulse (i) which
starts exactly at the beginning of the vertical blanking interval and which
has a duration of exactly nine times the horizontal scanning interval.
This gating pulse is combined with two others, as explained below, to
form the composite signal that controls the stopping of the multivibrator
that generates the synchronizing waveforms.

The second gating pulse that is required has a duration of three times
the horizontal scanning interval or 8H, then is off for a similar interval,
and finally exists for another 8H interval as shown by waveform (g).
The purpose of this gating pulse is to allow the formation of the equaliz-
ing pulses that exist just before and just after the vertical synchronizing
pulse (Fig. 5-1). Accordingly, the start of the 3H-3H gating pulse must
coincide exactly with the start of the vertical blanking-pulse interval.

This gating pulse is formed with the aid of binary counter Z104, whose
action is also initiated by the advent of a signal from the vertical blanking
multivibrator V21 via amplifier V108A, just as in the case of binary
counter Z107 already mentioned. Simultaneously, by the action previ-
ously described, 31,500-cps triggering pulses are admitted to the input of
the Z101 to Z103 binary chain. Upon the application of the sixth input
pulse, binary counter Z104 cycles and returns to the condition that existed
before the application of the vertical blanking pulse. Thus a signal having
a duration of 3H is created. This is applied to a gating amplifier V113B.
However, the action does not stop here, since, as already explained, a total
of eighteen pulses reach'the input of the binary-counter chain before they
are cut off by the action of the gating amplifier V112. Therefore, at the
end of the twelfth input pulse, the counter Z104 again produces a positive
output pulse which lasts until the eighteenth and final input pulse occurs.
Thereafter, the chain is inactive until the next vertical blanking pulse
again starts the cycle. Thus the output from the cathode circuit of the
8H-3H gating amplifier V113B consists of two positive gating pulses, each
having a duration of 8H and separated by a similar interval as shown by
waveform (g). This gating pulse is employed to control the formation of
the trailing edges of the equalizing pulses in the final standard synchroniz-
ing waveform. From the plate circuit of the 3H-3H gating amplifier
V113B, similar pulses of opposite polarity are available. These are em-
ployed, with another pulse, to form the third and last gating waveform.

The third gating pulse has a duration three times that of a horizontal
scanning interval and is used to permit the formation of the serrated verti-
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cal synchronizing pulse (see Fig. 5-1) only during the vertical synchro-
nizing-pulse interval. The 3H gating pulse is created by the process of
combining in the 3H gate former tube V114, the positive 9H pulse (d)
available from V111B with the negative 3H-3H pulse (—g) from V113B.
The addition of these two waveforms results in a pulse having a duration
of 3H and beginning a similar time interval after the initiation of the verti-
cal equalizing pulse. The output of the 3H gate forming tube is a nega-
tive gating pulse suitable for allowing the trailing edges of serrations in
the vertical synchronizing pulse to be formed. To obtain a gating pulse of
proper polarity and amplitude, the negative pulse is applied to a 3H gate
inverter V115A which produces the required positive gating pulse (k).

Stopping-trigger Formation. With the aid of the three gating pulses
described above, the stopping triggers that are required for terminating
the various synchronizing waveform pulses may be created. The delay
between the stopping and the starting triggers determines the length of
the pulse being formed, and the sequence in which these stopping triggers
are presented determines the order in which the various pulses are cre-
ated. The stopping triggers are generated, therefore, by pulses taken from
suitable taps on the delay line, and the gating pulses are then employed to
permit the passage of the stopping triggers in the correct sequence. Stop-
ping triggers are thus formed in order to terminate the horizontal, the
vertical, and the equalizing pulses.

The length of the horizontal synchronizing pulses is determined by stop-
ping triggers obtained from a tap J on the delay line. The delay line out-
put is amplified by gating tube V120 before being applied to the multi-
vibrator V123 and V124 that generates the synchronizing waveform pulses.
In addition, the 9H gating pulse is also applied to gating tube V120 to
prevent the passage of horizontal synchronizing stopping triggers during
the equalizing and vertical synchronizing-pulse interval when other stop-
ping triggers are active. Except for this short interval, the stopping trig-
gers described are active and, therefore, in combination with the afore-
mentioned starting triggers, generate horizontal synchronizing pulses
continuously.

The stopping triggers required for generation of the serrated vertical
synchronizing pulse are formed with the aid of the pulses obtained from
tap C on the delay line and the 3H gating pulses (/) obtained from V115A
as previously described. The 3H gating pulses are employed to permit the
formation of the stopping triggers for the vertical synchronizing pulses
only during that short interval, once per field, when the vertical synchro-
nizing pulse exists. At all other times, the stopping triggers associated
with the formation of the vertical synchronizing pulse are prevented from
reaching the multivibrator that forms the synchronizing waveforms. Gat-
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ing amplifier tube V121 is employed to amplify the output from the delay
line and, with the aid of the gating signal, to control the flow of the
stopping-trigger pulses to the multivibrator V123 and V124.

The equalizing pulses, which exist for only a 3H period immediately
before and immediately after the vertical synchronizing pulse, require
stopping triggers that are generated with the aid of the 3H-3H gating
pulse (g) obtained from V113B as described above and the pulse output of
tap H on the delay line. The position of this tap determines the length of
the equalizing pulses, and the gating pulse regulates the period during
which they are created. Gating amplifier tube V122 is employed for the
formation of these pulses, and its output, consisting of two groups of stop-
ping triggers occurring once per field, is used to control the equalizing
pulses formed by multivibrator V123 and V124.

Synchronizing Signal Formation. The three separate sets of stopping
triggers generated by gating amplifier tubes V120, V121, and V122 are
combined into one composite signal by applying the output of these tubes
to a common plate resistor R (Fig. 5-9). This results in a series of stop-
ping triggers so spaced as to create the trailing edges of the entire synchro-
nizing signal. The leading edges, it will be recalled, are initiated by the
output of the starting-trigger amplifier V119A. Thus, the starting and the
stopping triggers, acting in a coordinated manner, determine the operation
of the multivibrator V123 and V124 which generates the waveform ().
This waveform, after being operated upon as explained in the following
paragraphs, finally becomes the synchronizing signal.

It will be recalled that the output signals from the delay line which sup-
plies the pulses used to generate both the starting and the stopping trigger
pulses are at a 31,500-cps rate. This is the correct frequency for the gen-
eration of the equalizing pulses and the serrations in the vertical synchro-
nizing pulse, but it results in the formation of twice as many horizontal
synchronizing pulses (I) as are required. It is necessary, therefore, to
remove every other horizontal synchronizing pulse from the output of the
synchronizing waveform generating multivibrator. This is accomplished
with the aid of suitable gating pulses and gating amplifier V125 which is
inserted between the output of the pulse-forming multivibrator and the
output clipper stage.

Amplifier V125 is controlled by gating pulses that are applied at a
15,750-cps rate to remove alternate horizontal synchronizing pulses. How-
ever, since no horizontal synchronizing pulses, as such, exist during the
equalizing- and the vertical-pulse periods, the deleting action must be
omitted during these periods that are contiguous and total 9H in duration.
A gating control signal suitable for accomplishing this action is obtained
by combining the 15,750-cps output of a 2-to-1 counter V26 and amplifier
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V25A (which is driven by the frequency-determining master oscillator
through amplifier V25B) with the 9H gating pulses (d) from V111B.
Both waveforms are applied to mixer V126, where the 15,750-cps pulses
are removed by the 9H gating pulse when they are not desired. A clipper
and phase inverter V115B follows the mixer tube, and the resulting gating
pulse (m) for deleting the alternate horizontal synchronizer pulses is then
applied to gating amplifier V125 as shown in Fig. 5-9.

The synchronizing waveform signal from V125 is applied to a clipping
amplifier V119B, after which it is fed to the output amplifier stage V127.
Synchronizing pulses of positive polarity (p) are obtained from the
cathode circuit of this tube; those of negative polarity, from the plate
circuit.

Blanking-pulse Formation. The starting edges of both the vertical and
the horizontal blanking pulses are derived from the master oscillator.
This procedure ensures against the possibility of there being any “jitter”
between the leading edges of the two types of pulses. In addition, it
allows the starting edge of the vertical blanking and driving pulses to be
precisely determined and controlled with respect to the horizontal syn-
chronizing pulses. All the circuits and the tubes required for the forma-
tion of the blanking pulses are contained in the timer-chassis portion of
the synchronizing waveform generator described.

The vertical blanking pulses are formed with the aid of the trigger
amplifier V20 (Fig. 5-11) which provides the pulses necessary to start the
vertical blanking multivibrator V21. The input to the vertical blanking
starting amplifier is obtained from tap E on the delay line, as shown in
Fig. 54. The pulses obtained from this source, however, come from the
master oscillator which is operating at a 31,500-cps rate. Since vertical
blanking pulses occur only at a 60-cps rate, it is necessary to gate the start-
ing pulse amplifier V20 in a manner which will permit only every 525th
pulse to pass. The necessary gating pulses are obtained by differentiating
the output of the 525-to-1 binary chain Z1 to Z10 after it is amplified by
the binary-chain output amplifier V15B. The duration of the vertical
blanking pulse is determined by the action of the dual-triode cathode-
coupled multivibrator V21, which circuit is provided with a suitable con-
trol (variable resistor in the grid circuit of one of the triodes) for adjust-
ment of the output pulse length.

The horizontal blanking pulses are formed by multivibrator V23 (Fig.
5-11) which is triggered by a gated amplifier V24. This horizontal blank-
ing starting amplifier is driven from tap F on the delay line (Fig. 5-4).
However, since blanking pulses occur at a 15,750-cps rate and the output
of the delay line is at twice this frequency, it is necessary to gate the start-
ing pulse amplifier in a fashion which will result in only every other pulse
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being permitted to pass. This is accomplished by applying a gating signal
that consists of a 50 per cent square wave, at a 15,750-cps rate, obtained
from a horizontal-gate buffer amplifier V25A. This tube in turn is driven
by the master oscillator through an amplifier V25B and a 2-to-1 divider
V26. The duration of the horizontal blanking pulses is determined by the
action of the cathode-coupled multivibrator V23 which forms the pulses.
A variable control is provided in this circuit to adjust the length of the
blanking pulses to standard proportions.

The output of the vertical blanking multivibrator V21 is applied to the
control grid of one section of the dual triode V22. The output of the hori-
zontal multivibrator V23 is applied to the grid of the second section of the
same tube V22. The outputs of the two sections are then mixed in a com-
mon plate load resistor to produce a combined horizontal and vertical
blanking pulse which is then applied to a blanking clipper V27. Finally,
the output of the clipper is applied to a blanking output tube V28 from
which is obtained both positive and negative blanking signal outputs.

Driving-pulse Formation. In the synchronizing waveform generator
described, the circuits and the tubes required for the formation of the
vertical and the horizontal driving pulses are contained on the shaper
chassis of the assembly. The driving pulses are formed in much the same
manner as are the blanking pulses described above; however, since both
the timing and the duration of the driving pulses differ from those of the
blanking pulses, separate circuits must be employed for the formation of
the two kinds of pulses.

The vertical driving pulses are formed with the aid of an amplifier tube
V108B (Fig. 5-12) which is employed to trigger a multivibrator V109.
The input for the amplifier V108B, which starts the formation of the verti-
cal driving pulse, is obtained by differentiating pulses (b) (Fig. 5-10) at
vertical or field frequency that are obtained from the output of the vertical

VERT BUANK' @ —-Iwoa H H ': VERT.
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TRIG.AMP. M.V, AMP
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DELF:YOEINE : i)+ HOR.
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LAY & vig —ORIVE
H.DRIVE H.DRIVE H-DRIVE
TRIG.AMP., M.V, AMP

F1e. 5-12. Circuits employed for the separate formation of vertical and horizontal
driving pulses.
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blanking multivibrator V21 (Fig. 5-11). Amplifier V108B is biased so as
to prevent clipping of the positive portion of the differentiated pulse while
completely clipping the negative portion of the input pulses. The result-
ing output pulses of V108B are employed to trigger the action of the dual-

Fic. 5-13. This synchronizing
waveform generator consists of
a pulse-former chassis at the
top of the equipment rack, a
pulse-shaper unit immediately
below it, and a regulated power
supply at the bottom of the as-
sembly.  (Courtesy of Radio
Corporation of America.)

triode multivibrator V109. A variable resis-
tor is employed in conventional fashion to
control the duration of the vertical driving
pulses generated by the multivibrator. An
output stage, V110, is employed to amplify
the output of the multivibrator and provide
vertical driving pulses of both positive (r)
(Fig. 5-10) and negative polarity.

Horizontal-frequency driving pulses are
created by a gated amplifier V116 which
drives a multivibrator V117 (Fig. 5-12).
The 31,500-cps input for the gated amplifier
is obtained from tap B (Fig. 54) on the
delay line while the 15,750-cps gating pulses
are obtained from the output of horizontal-
gate buffer amplifier V25A. (Fig. 5-11).
The resulting output of the horizontal-drive
gated amplifier is at horizontal frequency
and is employed to trigger the action of
dual-triode multivibrator V117. This multi-
vibrator generates the horizontal driving
pulses whose width is determined in the
usual fashion by means of an adjustable re-
sistor. The output of the multivibrator is
amplified by a horizontal driving-pulse out-
put tube V118, which provides output
pulses of both positive (¢) (Fig. 5-10) and
negative polarity.

5-5. Pulse-counter Type of Generator.
The appearance of a synchronizing wave-
form generator of the type that employs
pulse-counter circuits is shown in F ig. 5-13.
The pulse-forming circuits are contained in
the chassis that occupies the upper part of

the rack, the pulse-shaper circuits are in the center portion, and a power-
supply unit is at the bottom of the assembly. The unit employs a total of
about 60 vacuum tubes which, together with all controls and major com-
ponents, are mounted on the front of the vertical chassis.
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A block schematic diagram of the circuits employed in the synchroniz-
ing waveform generator illustrated is given in Fig. 5-14. In this diagram,
rectangular blocks represent circuit functions rather than individual tubes
so that a given block may represent one or several tubes. The upper part
of the illustration shows the pulse-former section of the device and the
lower contains the pulse-shaper section.
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Fic. 5-14. Block diagram of pulse-counter type of synchronizing waveform generator.

Frequency-generating Circuits. The pulse generator creates and estab-
lishes the relative timing or phase relationships of pulses at three different
basic frequencies: 60, 15,750, and 31,500 cps. The pulses are properly
timed with respect to each other by the expedient of deriving them from
a common master oscillator, the frequency of which may be controlled
either by automatic comparison with the frequency of the power line or
by a crystal-controlled oscillator.

The master oscillator (1) has a free-running frequency determined by
an inductor, a capacitor, and the impedance presented by the plate circuit
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of the reactance tube (2). The output of the master oscillator drives an
amplifier and clipper (3) which furnishes the required 31,500-cps pulses
to the pulse shaper. In addition, the 31,500-cps output of the clipper (3)
is applied through a buffer tube to a 2-to-1 counter circuit (4). This
divides the frequency in two and provides the 15,750-cps pulses required
by the pulse shaper.

The 31,500-cps output from the clipper (3) is also applied to a series
of four counter circuits as shown in Fig. 5-14, in order to obtain the 60-cps
frequency that is needed for the pulse-shaper unit.

Frequency-control Circuits. Four methods of frequency control are
provided for the pulse generator illustrated. The oscillator may be either
(a) free-running, (b) controlled by an internal crystal, (¢) locked to the
power-line frequency, or (d) controlled by a remotely generated synchro-
nizing frequency. A selector switch is provided to permit selection of the
type of frequency control desired.

When adjusted for free-running operation, the control grids of both the
oscillator (1) and the reactance tube (2) are grounded. This condition
of operation is used in practice under only two circumstances: during ini-
tial adjustment of the natural frequency of the master oscillator or during
emergency operation when all frequency-control methods fail.

Crystal control of the master oscillator is accomplished by connecting
the output of a crystal-controlled oscillator (5) to the control grid of the
master oscillator (1) and grounding the control grid of the reactance
tube (2). The frequency of the crystal oscillator is equal to that of the
third harmonic of the master oscillator, or 94,500 cps. Crystal control
operation is seldom used for fixed installations but may be employed in
field setups where the power-supply frequency is unstable.

Lock-in to the 60-cps power-line frequency is obtained 2 by comparing
the 60-cps pulse from the counters with a signal from the power-line
source in an a-f-c discriminator (6). The d-c voltage developed by the
discriminator as a result of any phase differences between the 60-cps pulse
and the 60-cps power source varies the bias on the control grid of the
reactance tube (2) which acts to correct the frequency variation.

When it is desired to control the frequency of the synchronizing wave-
form generator from a remotely generated source, a control voltage similar
to that derived from the internal discriminator circuit may be applied
directly to the control grid of the reactance tube (2). This mode of opera-
tion may be employed where a lap dissolve from a remote program origi-
nation to a local one is required. The auxiliary equipment necessary to
accommodate this method of operation is described in Sec. 5-6.

? Bedford, A. V., and J. P. Smith, A Precision Television Synchronizing Signal Gen-
erator, RCA Rev., Vol. V, No. 1, p. 51 (July, 1940).
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Counter Circuits. There are several forms of frequency dividing cir-
cuits in use including the blocking oscillator, the multivibrator, and the
pulse-counter circuit. The first two are of the same general type whereas
the last is entirely different. For example, the multivibrator circuit may
be adjusted so that, when driven at a frequency that is some multiple of
its natural frequency, it will oscillate at its natural frequency under the
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Fic. 5-15. Schematic diagram of a typical pulse-counter circuit and a detail of the
waveform that is applied to the grid of the blocking oscillator,

control of the higher driving frequency. The pulse-counter circuit, on
the other hand, may be arranged to produce a single output pulse, after
the stimulus of a predetermined number of input pulses, but regardless of
the frequency of occurrence of the activating pulses. Although pulse-
counter circuits are somewhat more complex than multivibrator circuits,
they offer certain advantages of stability, and their use is therefore pre-
ferred for applications such as in synchronizing waveform generators.
All six of the counter circuits employed in the pulse former illustrated
operate in a similar manner; consequently, the cperation of only one unit
will be described. For example, Fig. 5-15 shows the circuit details of
the 7-to-1 counter that is used to divide the 31,500-cps output of the
master oscillator producing a 4,500-cps output as shown in the upper part
of Fig. 5-14. The pulse-counter circuit employs a double diode V2, a
double triode V3, and is driven by a buffer tube V5 (see F ig. 5-15).
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The action of the circuit may be traced by first assuming that there is no
initial charge on capacitors C1 and C2 and that the grid of V5 is at its
maximum negative value. Under these circumstances the plate current is
cut off and there is no voltage drop across the plate load resistor R1. As
a result, the entire |-B voltage is applied across the series combination of
capacitors C1 and C2 and the first diode section of V2. The +B voltage
is divided between the two condensers inversely as their respective capaci-
tances and C1 is made small and C2 large so that C2 has the lower propor-
tion of the voltage (approximately one-fortieth of the +B voltage).

When the grid of V5 goes positive, a maximum plate current flows and
voltage at the plate of the tube is reduced by virtue of the drop in the
plate load resistor R1. This swing to a lower voltage at the plate of the
tube causes the second diode to conduct, discharging C1 to a new lower
plate potential. However, the first diode does not conduct on the nega-
tive swing of the plate voltage and, therefore, the charge on C2 is un-
altered. But, when the grid of V5 again goes negative and the plate
voltage increases to its maximum value, the first diode will again conduct
and C2 will receive a fresh charge only slightly less than the first one.
The process continues with each swing of the grid of V5 with the charge
on C2 increasing in a stair-step fashion as indicated in Fig. 5-15. As
shown, the rise in voltage across C2 asymptotically approaches the +B
voltage, and the voltage increments gradually decrease in amplitude. In
practice, however, this process is generally interrupted before proceeding
too far.

For example, in the circuit under consideration, the voltage developed
across C2 is applied to the grid of a blocking oscillator V3 (first section )
through transformer T1. A definite cathode bias, obtained from a voltage
divider across the +B supply, is applied to the blocking oscillator tube
during the charging time of condenser C2. The value of this bias deter-
mines the point at which the blocking oscillator fires. For the particular
counter under discussion, the value of bias is such that the seventh step
of charge applied to C2 develops sufficient voltage on the grid of V3 to
trigger the blocking oscillator. During the following positive swing of the
grid voltage, the grid of V3 draws current and discharges C2, forcing the
grid beyond cutoff, where it remains until the tube is triggered by the
next series of seven steps.

The grid of the blocking oscillator is directly coupled to the grid of the
amplifier formed by the second half of V3. The operating conditions of
this tube are such that only the blocking oscillator pulse is amplified after
which the essentially rectangular output pulse is applied to the next
counter in the series.

The frequency dividing circuit described is seen to produce one output
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pulse for a predetermined number of input pulses. Furthermore, although
not of great importance for the present application, the input pulses may
be applied at a random rate over a rather wide range of values. The real
advantage of pulse-counting circuits over multivibrators lies in their abil-
ity to maintain accurate counting in the face of changes in tube character-
istics and B voltage. Any changes in the B voltage will result in a
corresponding change in the magnitude of each step of charge on C2.
However, the bias voltage on the cathode of the blocking oscillator tube
that is triggered by the charge on C2 is also a function of the +B voltage.
Accordingly, the two effects tend to cancel each other, and the resulting
operation is largely independent of +B voltage variations. The merit of a
circuit of this type lies in the fact that, to a certain extent, tubes act only
as electronic switches so that stability is determined largely by the charac-
teristics of capacitors and resistors.

Pulse Shaper. The function of the pulse shaper is not only to shape the
output waveforms of the pulse generator unit properly but also to phase
them correctly with respect to each other and to combine them in the
required manner and in the proper amplitude relationships.
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F16. 5-16. By combining horizontal blanking pulses (a} with vertical blanking pulses
(b), a third waveform (¢) is created which, when clipped at the level indicated,
results in the formation of a comhined horizontal and verstical blanking waveform (p).

In order to achieve the necessary phase relationships, the 15,750- and
the 31,500-cps signals from the pulse former are each applied to delay lines
in the pulse shaper. The outputs of these delay lines are used to synchro-
nize a series of multivibrators which are used to generate the output wave-
forms. For example, the combined vertical and horizontal blanking signal
consists of 60- and 15,750-cps pulses as shown by diagram No. 2 in Fig.
5-1. The 15,750-cps pulses are generated by the horizontal blanking
multivibrator (9) and have the appearance shawn at (a) in Fig. 5-16.
The horizontal blanking multivibrator is synchronized, in the proper phase
relationship, by negative pulses from an associated delay line which, in
turn, receives its input from the 15,750-cps output of the pulse former.
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The 60-cps pulses, (b) in Fig. 5-16, required for the combined blanking
signal are obtained from the vertical blanking multivibrator (28) which
is synchronized by a portion of the 60-cps output from the pulse former.
Positive pulses from both the horizontal and the vertical blanking multi-
vibrators are applied to separate grids of the blanking mixer and clipper
dual-triode tube (10). The two signals are mixed in the load resistor
common to both sections of the tube and result in the summation wave-
form shown at (¢) in Fig. 5-16. This combination waveform is then
clipped at the level indicated by the broken line by the action of a second
clipper tube (11) with the final result shown at (p). By this method,
the 15,750-cps blanking pulses are eliminated during the occurrence of the
60-cps blanking pulse. The completed waveform is then applied to the
blanking output amplifier (12) from which positive and negative output
pulses are obtained from the cathode and the plate circuits, respectively.

Horizontal driving signals of the type shown by diagram No. 4 of Fig.
5-1 are obtained by utilizing the 15,750-cps output of a delay line to syn-
chronize a horizontal driving multivibrator (7) (see Fig. 5-14). The pos-
itive output pulse from this multivibrator is applied to the grid of a
horizontal driving output tube (8) which produces pulses of the desired
type. A positive output pulse is obtained from the cathode circuit of this
tube while a negative output pulse is obtained from the plate circuit.
Thus horizontal driving pulses of both polarities are made available.

Vertical driving signals of the type shown by diagram No. 3 of Fig. 5-1
are obtained with the aid of multivibrator (29) (see Fig. 5-14) which is
synchronized by the 60-cycle output from the pulse former. In this in-
stance no delay for phase adjustment is needed. A positive pulse from
the multivibrator drives the vertical driving output amplifier tube (30)
and produces pulses of the type desired. Positive and negative vertical
driving signals are obtained from the cathode circuit and the plate circuit,
respectively, of the output amplifier tube.

Synchronizing Waveform Generation. The standard synchrenizing
waveform consisting of horizontal synchronizing pulses, vertical synchro-
nizing pulses, and equalizing pulses, as shown by diagram No. 1 in Fig.
5-1, is obtained by combining eight different signals at various stages.
Basically, the final signal consists of 15,750- and 81,500-cps pulses that
recur at a 60-cps rate. The manner whereby this complex waveform is
synthesized may be described with the aid of the block schematic diagram
of Fig. 5-14 and the waveform charts of Fig. 5-17.

The synchronizing waveform as finally produced has the appearance
shown at (o) in Fig. 5-17. This signal is the same as that shown in dia-
gram No. 1 of Fig. 5-1 except that positive- rather than negative-going
pulses are shown. (For greater clarity, the waveforms are not drawn ex-
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actly to scale.) The final waveform (o) is obtained by clipping wave (n)
along the two dotted lines. Wave (n), in turn, is formed by adding to-
gether the four signals (d), (j), (h), and (m). Of these four signals, all
except (d) are formed by combinations of other waveforms as shown at
the left in Fig. 5-17.

The pulses of waveform (d) become the equalizing pulses in the final
waveform and are obtained directly from a multivibrator (19) synchro-
nized at a 81,500-cps rate by pulses obtained from the delay line. The
pulses in waveform (j) when combined with those of (d) form the hori-
zontal synchronizing pulses. The front edge of every other equalizing
pulse (d) becomes the front edge of the horizontal synchronizing pulse
in waveform (n), while the trailing edge of waveform (j) determines the
over-all length of the horizontal synchronizing pulse. However, since
horizontal synchronizing pulses do not exist during the vertical synchro-
nizing interval, they must be removed during this period as shown at the
center of (j). This waveform is created by the combination in mixer
(17) of the 15,750-cps waveform (i) obtained from multivibrator (16)
and the 60-cps waveform (f) obtained from multivibrator (27).

Since only alternate equalizing pulses are employed for the creation of
the leading edge of the horizontal synchronizing pulses, the remaining
ones must be removed except during the interval immediately before and
after the vertical synchronizing pulse, when the equalizing pulses exist in
their own right. Notching pulses are employed for this purpose and are
created by combining the two waveforms (¢) and (f). Here waveform
(e) is the basic notching pulse occurring at a rate of 15,750 cps and wave-
form (f) is the 60-cps waveform mentioned above.

Just as for the horizontal synchronizing pulse, the leading edges of the
six pulses that make up the vertical synchronizing pulse are created by
the leading edges of an equalizing pulse. Waveform (m) is therefore
created to add to the equalizing pulses and form thereby the vertical syn-
chronizing waveform. This is accomplished by combining waveforms
(k) and (I). The former is obtained directly from a 31,500-cps multi-
vibrator (21), but the latter is created by a complex process designed to
ensure that the series of six pulses (m) always start with a whole pulse.

This process starts with waveform (g) which is generated by a 60-cps
multivibrator (24) and then differentiated to produce waveform (g’)
which is applied to No. 2 control grid of mixer tube (25). This wave-
form is combined with (s), which is actually waveform (k) inverted (i.e.,
of opposite polarity), via control grid No. 1 of mixer (25) to create wave-
form (r). This consists of a few of the narrow pulses from (s) keyed in
by the trailing edge of waveform (g’). The first narrow pulse of wave-
form (r) is employed to trigger a multivibrator (26) which produces the
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waveform (). However, this narrow pulse carresponds to the intervals
between the wide pulses of waveform (k). Consequently, the multi-
vibrator that determines the number of pulses that will be passed to form
(m) will always be timed so that associated circuits become conducting
during wide pulse intervals. Thus, the arrangement ensures that the cir-
cuit is conducting upon the arrival of a wide pulse and, consequently, that
the group of pulses passed always starts with a whole pulse.

Finally, the complex signal (n) resulting from the four signals that are
fed to a common load resistor is applied to the synchronizing signal clip-
per (31) and the resulting signal (o) fed to synchronizing signal output
tube (32). A positive polarity signal is available from the cathode circuit
of this tube and a negative signal from the plate circuit.

Thus, by the process of developing the leading edges of all synchroniz-
ing signals from one waveform (d), which, in turn, is produced under con-
trol of the master oscillator, extreme uniformity in timing of the synchro-
nizing pulses is achieved. The basic waveform (d) by itself produces
equalizing pulses on a continuous basis, the uuwanted pulses being re-
moved by notching pulses (1) and by subsequent clipping action. The
horizontal and the vertical synchronizing pulses are obtained by making
the basic pulses wider by adding to their trailing edges the waveforms (j)
and (m), respectively. These pulses are added with some overlap be-
tween the trailing edge of the basic equalizing pulse (d) and the leading
edge of the added pulses (j) and (m) in order to avoid any possibility of
gaps appearing in the summation pulses. By use of a lap joint and subse-
quent clipping, considerable tolerance in the timing and shape of the vari-
ous component waveforms is permissible without, in any way, affecting the
high accuracy in timing of the leading edges of all pulses.

5-6. Synchronizing Signal-locking Circuits. Facilities for locking in a
local synchronizing waveform generator with signals received from a
remotely located unit are available in several forms and are exceedingly
useful in a variety of circumstances.

Applications. Where synchronizing signal-locking facilities are not
available, switching from remote to local program sources (or vice versa)
can be done only (a) on a quick-switch basis, with a good probability that
the picture on a portion of the television sets receiving the program will
momentarily fall out of synchronism and “roll,” or (1) by fading to black,
switching to the new synchronizing signal source (but also with a black
signal ), and then fading in the new program material. Under the latter
circumstances such receiver “rolling” that occurs will probably take place
while the picture tube screen is blank and, therefore, will not be obvious.
Switching on this basis, however, is not generally considered to be so
subtle as lap dissolves and similar effects.
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In a sense, the objection to a quick switch from one picture source to
another is analogous to the undesirable reaction that usually results when
an abrupt change is made from one source of audio program material to
another. In both the audio and the video case, these objections may be
overcome by first fading out one source of program material and then fad-
ing in the other. If, at the midway point, a portion of program material
from both sources is permitted through the system, there is created what
in the video (and motion-picture) field is called a lap dissolve (see also
Sec. 3-2, Video Mixer Circuits). However, when dissolving from one pic-
ture to another, it is obviously essential that both pictures be correctly cen-
tered on the viewing screen. This, in turn, requires that the output of
both picture sources be exactly in phase as regards both field (vertical)
and line (horizontal) frequencies at the point where the mixing is being
undertaken. Where separate synchronizing generators are employed by
each source of program material, it is evident that means must be pro-
vided for locking the two synchronizing generators together, field for field
and line for line. Synchronizing locking equipment has been developed
for this purpose and is employed in those instances where the advantage
to be gained justifies the additional equipment that is required.

Another application for synchronizing signal-locking equipment is in
the operation of replacing noisy, badly distorted synchronizing and blank-
ing signals with re-created noise-free signals of standard proportions.
This procedure sometimes becomes advisable for signals received from a
distant point which, as a result of their passage through intervening radio
links, video repeaters, network circuits, or other transmission media, have
had their synchronizing and blanking information degraded. These wave-
forms, because of their precisely defined shapes and the fact that the syn-
chronizing signal represents a maximum amplitude in a negative transmis-
sion system (see Sec. 1-17), are particularly susceptible to distortion in
any transmission system that is overloaded, in poor adjustment, or operat-
ing under adverse conditions. (However, since in both transmitting and
receiving systems there are methods of correcting for these shortcomings,
whereas it would be very difficult, if not impossible, to remove similar
distortion from the video or picture waveshapes, the negative transmis-
sion standard is fully justified.) On the other hand, properly shaped and
properly proportioned synchronizing and blanking pulses are essential for
the operation of many television-system equipments. For example, it is
common practice for stabilizing amplifiers to clamp on the back porch (see
Secs. 1-9 and 6-7) or on the tip of the synchronizing pulse. In either case,
the existence of noise, spikes, or other spurious signals on that portion of
the signal employed as a reference will seriously affect the effectiveness of
the clamping action. In fact, if the degradation is sufficiently severe, the
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clamper may fail completely to operate. Furthermore, it is undesirable to
broadcast waveforms that contain spurious signals in the synchronizing
information because of the possible adverse effect of these irregularities
upon receivers.

Restoration of the synchronizing waveforms may be accomplished
neatly by the expedient of stripping off the distorted synchronizing signals
and replacing them with newly generated standard waveforms (Fig.
5-18). This operation requires the use of a synchronizing waveform gen-
erator which is locked in with the composite signal that is to be rehabili-
tated. Properly designed lock-in circuits are capable of operation even in

£y : o
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Fic. 5-18.  Poorly defined synchronizing signals may be restored by stripping off the
degraded synchronizing signals and replacing them with newly generated waveforms
from a synchronizing generator that is locked to, and automatically maintained in
phase with, the original composite signal.

the presence of considerable noise and waveform distortion; consequently,
rehabilitation of the synchronizing signal as outlined is entirely prac-
ticable. The ability to replace degraded synchronizing information with
clean, noise-free pulses is invaluable for coping with poorly constituted
incoming video signals whose waveforms are beyond the control of those
at the receiving point. This is also an important application for synchro-
nizing signal-locking equipment.

Operating Principles. The basic methods employed in typical synchre-
nizing signal-locking circuits consist of (a) comparing the frequency and
phase of locally generated horizontal and vertical synchronizing pulses
with those of corresponding pulses received from the remote source, (b)
generating correcting signals that reflect the frequency and phase differ-
ences between the local and remote signals, and (c) applying the correc-
tions to appropriate circuits in the local synchronizing waveform generator
in a manner which brings its output into exact phase with the incoming
pulses. The details of the manner whereby this is accomplished vary in
different equipments, as do the effectiveness and noise immunity of the
various methods employed.
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One example ® of a synchronizing signal-locking circuit is illustrated in
Fig. 5-19. For its operation, this circuit requires (a) horizontal driving
signals from the local synchronizing waveform generator, (b) combined
horizontal and vertical synchronizing signals from the same source, and
(¢) a sample of the composite synchronizing signal that accompanies the
incoming composite video signal. The first two of these signals are nor-
mally available directly from the local synchronizing generator. However,
the sample of the remotely generated synchronizing signal is usually ob-
tained by stripping the synchronizing signal from the incoming composite
signal by means of suitable auxiliary equipment, e.g., a stabilizing ampli-
fier (see Sec. 6-7). This latter procedure permits operation of the locking
circuit without the need for additional transmission facilities, between the
remote and the local points, beyond those normally required for program
transmission purposes.

Horizontal-frequency Control. Control of the horizontal frequency of
the local synchronizing waveform generator is achieved by comparing the
frequency of the locally generated horizontal driving signal with the
incoming horizontal synchronizing pulses. In the synchronizing signal-
locking device illustrated, the local horizontal driving signal is first ampli-
fied and then employed to trigger a monostable (“one-shot”) multivi-
brator. The output pulses of the multivibrator, which are exactly in step
with the horizontal or line repetition frequency output of the local syn-
chronizing generator, are used to drive a saw-tooth generator at this hori-
zontal frequency.

Simultaneously, the horizontal synchronizing pulses that have been
stripped from the incoming signal are employed to drive a pulse-generat-
ing circuit that produces a very narrow pulse or spike in synchronism with
the horizontal frequency of the incoming signal. The output of the hori-
zontal-rate spike generator and that of the horizontal saw-tooth generator
are combined in a discriminator circuit which developes a d-c output that
is proportional to the difference in phase of the two input signals. After
suitable amplification, this correction signal is applied to the master oscil-
lator circuit of the local synchronizing generator in a manner that results
in the frequency of the local generator being automatically brought into
synchronism with that of the remote unit.

The horizontal-frequency control circuit just described operates very
rapidly with the result that lack-in of horizontal scanning occurs within
the matter of a few horizontal lines—for all practical purposes it appears
to be instantaneous. Lock-in of the horizontal frequency alone is not suffi-
cient, however, since this does not completely provide for synchronous

3 Leeds, L. M., Automatic TV Sync Lock, Electronics, Vol. 24, No. 7, p- 99 (July
1951),



184 SYNCHRONIZING WAVEFORM GENERATORS [Sec. 5-6

scanning on a field basis of the two program sources. Although lock-in
of the horizontal frequencies ensures the same field scanning rates for both
program sources, it does not guarantee that both fields will start simul-
taneously. Coincidence of the two program sources on a field basis is
necessary, of course, where lap dissolves, split screens, wipes, and other
effects are desired. A second circuit is therefore employed to obtain and
maintain proper phasing between the two field frequencies.

Vertical-frequency Control. The field-frequency control circuit also
makes use of the remote synchronizing waveform that is stripped from the
incoming composite signal. In this instance, however, the vertical syn-
chronizing information is of interest. Accordingly, a pulse, corresponding
to the incoming vertical frequency and slightly less in duration than three
horizontal lines (i.e., less than 3H), is formed with the aid of a vertical
or field-frequency integrating amplifier and a slicer, as shown in Fig.
5-19. The slicer circuit is one which simultaneously clips the top and the
bottom of the pulse thereby improving the pulse shape by removing any
noise or other disturbances that the original pulse contained. Identical
circuits are employed to perform the same operation on the locally gen-
erated synchronizing signal. The two resulting field-frequency pulses, one
derived from the remote synchronous waveform generator and the other
from the local generator, are then compared in a subtracting amplifier
(which is essentially a mixer for comparing two different inputs, one of
which is inverted before application to the mixer section of the device).

The amplitudes of the two pulses that are applied to the mixer are
adjusted so that one is greater than the other. In the device illustrated,
the amplitudes and the polarities of the pulses are such that at the output
of the subtracting amplifier the pulses corresponding to the remotely lo-
cated synchronizing generator are positive and of lesser amplitude than
the pulses corresponding to the local synchronizing generator. In addi-
tion, this latter pulse is negative in polarity.

When the two pulses are not in step, a correcting signal, consisting of
positive and negative pulses, is generated, as shown at (a) in Fig. 5-19.
However, when the two pulses coincide in time of occurrence, the positive
pulse is completely swallowed by the negative one and only a residual
negative pulse remains [see (b) in Fig. 5-19]. The correcting signals,
whatever their waveform, are applied to the counter chain of the synchro-
nizing waveform generator through a buffer amplifier. Here, the applica-
tion of a positive pulse stops the countdown of the chain for two horizontal
lines in each field, the duration of the correcting pulses being somewhat
less than SH as noted above. This action continues during successive
fields until coincidence of the two synchronizing generators is established,
at which time the correcting signal takes the form of a negative pulse only.
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Since the counters are not responsive to negative pulses, the miscounting
ceases as soou as complete coincidence occurs.

The phase angle between the vertical output waveforms of two synchro-
nizing signal generators that are to be brought into step with each other
may be anything up to almost one complete field. Consequently, the
maximum correction that will ever be required amounts to 262.5 lines.
Since the divider chain stops counting for two lines per field, it may re-
quire the passage of 131 fields (each having a duration of 354 second) or
2.2 seconds for the two synchronizing generators to become phased to-
gether. If this operation takes place during the transmission of a signal
corresponding to black, there will be no visible effect upon picture moni-
tors and receivers. On the other hand, if the phasing action takes place
while a locally originated picture is being transmitted, two horizontal lines
will be added to the picture during each field until the correction is com-
pleted. If, on the other hand, a picture originating at the remote point
is being transmitted while the correction is taking place, then a horizontal
black bar, corresponding to vertical blanking, will be seen traveling
through the picture at the rate of two lines per field. In this latter in-
stance, if the correction action were to start when the two synchronizing
generators were completely out of phase, the bar would transverse the
entire height of the picture just once. For a more fortuitous initial phasing
condition, the bar would transverse somewhat less than the entire raster

Operating Features. One of the features of the synchronizing locking
equipment described is the incorporation of means for adjusting the dura-
tion of the front porch produced by the local synchronizing generator.
By this means the length of the front porch is made substantially inde-
pendent of the duration of the locally generated horizontal driving pulse.
This is an important asset since existing standards (Fig. 5-1) permit more
than a 2-to-1 tolerance in the duration of the driving pulse. When a sep-
arate front-porch control is not provided, the front-porch width becomes a
function of the duration of the horizontal driving pulse. In the equip-
ment described, control of the front porch is accomplished by adjustment
of the pulse length of the monostable multivibrator (Fig. 5-19) which, in
turn, controls the time duration of the fast portion of output waveform of
the saw-tooth generator that is triggered by the multivibrator. This con-
trol provides the front-porch width adjustment.

The use of a synchronizing signal-locking device is an invaluable means
for removing degraded synchronizing signals from an incoming program
source and replacing them with accurately shaped pulses before further
transmission. As a matter of fact, this technique is also of considerable
value in large or complex studio installations where even locally originated
signals sometimes acquire spurious spikes and other irregularities before
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reaching the outgoing line. However, application of the system is not
without some disadvantages.

For example, as detailed elsewhere (see Sec. 5-3, Frequency-control
Circuits and 9-6, Projector Synchronizing), it is common practice to lock
synchronizing waveform generators to the a-c power line in order that the
operation of film projectors may be kept in step with the synchronizing
generator by the simple expedient of employing synchronous motors in the
projectors.  When the local synchronizing waveform generator is locked
to a remotely located frequency source rather than to the local a-c line, it
is no longer possible to employ this method for keeping the film projectors
in step with the synchronizing pulses. Under these circumstances, special
provisions must be made if it is desired to integrate local film originations
with program material that is arriving from a remote point.

One method of doing this is to take a portion of the 60-cps pulse output
of the local synchronizing generator (which is assumed to be locked to a
remote synchronizing unit), and either by straightforward waveform
shaping and amplification methods, or by frequency-locking methods, gen-
erate sufficient 60-cps sine-wave power to operate the motors of the pro-
jectors. When this system is employed, flash-tube sources of light for the
projectors (see Sec. 9-7, Gas-filled Flash Tubes) offer a decided advan-
tage since these light sources are normally triggered by pulses derived
from the synchronizing generator and hence they are always automatically
in step with the synchronizing generator regardless of the frequency source
to which it is locked. In addition, pulsed-light projectors do not require a
mechanically driven shutter, and, as a result, the 60-cps sine-wave power
that is required is limited to that necessary for the operation of the pull-
down or intermittent mechanism on the projector. In applications of this
type a precision-machined free-running intermittent mechanism, requiring
a minimum size of motor, is a great asset.

Another possible disadvantage of synchronizing signal-locking opera-
tions is the momentary disturbance that may be produced when the local
synchronizing generator is transferred from a local a-c power-line (or
other) frequency control to synchronizing locking operation, or vice versa.
As detailed above, phasing of the vertical frequency may take a second or
two and, if this is undertaken during transmission of picture information,
the disturbance will be seen on picture monitors and receivers. The obvi-
ous method of avoiding this is to effect the switch-overs between program
originations or at any other time when the signal may be faded to black for
the probable duration of the disturbance. A method for minimizing the
disturbance would be to bring the local synchronizing generator manually
into phase with the incoming signal and then to activate the synchronizing
signal-locking equipment. Under these circumstances, the two signals
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would be much closer to being in phase at the instant the locking equip-
ment was brought into operation than would be the case if the control was
energized at random.

Since the handicaps that may be imposed by the employment of syn-
chronizing signal-locking techniques can be overcome by methods similar
to those suggested and since the advantages to be gained by employment
of the method may be numerous, the system (or its equivalent) will
undoubtedly find considerable application in television broadcasting
systems.



CHAPTER 6

Studio Television Equipment

As A TELEVISION BROADCASTING STATION expands the scope of its program
operations, the need ultimately arises for a permanently equipped studio
or group of studios. Initially, it is often found to be entirely satisfactory
to employ field pickup type of equipment in studios but, as the produc-
tions become more and more ambitious, the limited switching, fading, and
other effects that can be achieved with field-type facilities are usually
found to be a serious handicap. By judicious planning it is sometimes
possible to employ a combination of permanent, studio-type equipment
and field pickup equipment. In the long run, however, as the amount of
studio rehearsal and production grows and as the complexity of the pro-
grams increases, it becomes advisable to install permanent facilities. By
“permanent” facilities is meant the kind that are intended for fixed instal-
lation as contrasted with the temporary installation of transportable
equipment.

6-1. Studio System Considerations. Most of the events that are tele-
vised in the field unfold without a great deal of control, if any, on the part
of the program director. Rather, the director is faced with producing the
best possible program from an event that is often not under his immediate
jurisdiction. As a result, in his function as a program producer, he must
concentrate on the camera work and on the camera switching and fading
problems. In studio productions, however, the program director’s activi-
ties usually cover a wider scope. He not only has the responsibilities
already mentioned but may also be responsible for the timing of the pro-
duction, for the cueing of the performers, for the lighting and the sound
effects and, perhaps, also for the cueing in of program material originating
outside of the studio.

Unlike a motion-picture production, once a television program gets
under way, it must continue on to its completion, errors, missed cues, and
other shortcomings notwithstanding. This requirement places a grave
responsibility upon the equipment and those charged with its operation
and maintenance. One of the prime requisites for the successful opera-
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tion of a television station is absolute continuity of service throughout the
broadcasting day. The necessity for this arises from the keen competition
among the stations serving a given community and from the psychological
reaction of the average person to an interruption of program service. Sur-
veys have shown that many people who will sit through a mediocre pro-
gram will immediately tune in another station when there is an interrup-
tion in the program material lasting only a few seconds. Naturally, those
who react in this manner are quite likely to remain with the station to
which they switched. Consequently after any interruption, the broad-
caster is likely to have lost a part of his audience for the remainder of the
broadcasting period. As a result, the one thread that runs through all
broadcasting equipment, whether it is for television or aural broadcasting,
is the precautionary measures that are taken and the devices that are pro-
vided to permit instant isolation and replacement of any equipment that
becomes defective during the course of operations.

The electronic facilities required for a television studio, while similar to
those used for field pickup purposes, differ from the latter in several im-
portant aspects. For example, not being faced with weight, size, and
power-consumption considerations, more conservatively rated components
may be used. This is desirable, particularly since some television studios
are in more or less continuous use throughout the day for rehearsals and
for air shows. In addition, since it is not so necessary to confine the equip-
ment to a minimum of space, the various chassis may be designed for easy
access to all tubes and other circuit components. This, of course, greatly
facilitates the maintenance and servicing of the facilities. It also makes
possible the installation of spare equipment, jack panels, and other aids
that will ensure continuity of service in the event of equipment failure or
other emergencies.

The extent of the equipment required for a television studio and master-
control installation will depend, of course, upon the location of the station,
the number of studios involved, the scale of operations of the station, and
its program production policies. A station located in a large city and
originating program material for a network requires a number of large
studios and a relatively complex program distribution system for handling
both the video and the audio signals. On the other hand, a station in a
medium-sized community may receive the majority, if not all, of its elabo-
rate programs from a network and therefore will need only relatively
simple studio facilities. In still other instances, of course, a station may
rely entirely upon network program material or television recordings, sup-
plemented with field pickups and motion-picture film. In this case, of
course, no live-talent studios are required.

All television studio installations, regardless of size, have many equip-
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ment components in common. The difference in size of various installa-
tions is largely a question of the number of studios and the amount of
equipment in each. The facilities in each studio and its associated control
room may be much alike (except for the exact number of components of
each type) regardless of whether the station is a large one or a small one.
The physical layout of the equipment will differ, of course, depending
upon the operating philosophy of the station personnel concerned. How-
ever, much the same fundamental units are employed by all stations, and
the system design itself often follows a more or less basic pattern.

With the above considerations in mind, the broad functions of the equip-
ment in a television studio are enumerated in the following section and
then typical television studio audio and video systems are presented.
Finally, those studio equipment components not described elsewhere in
this book are covered in detail.

6-2. Functions of Studio Systems. As contrasted to field pickup equip-
ment, a television studio video system is likely to be rather complex. The
function of the equipment is to convert the optical images of the scene
that is being televised into their corresponding electrical waveforms, blend
program material of this type, but from a number of sources, into a coordi-
nated whole, and provide means for adjusting the resulting video signals
to the proper transmission level—all with the aid of picture and waveform
monitors.

The sources of video program material that may be handled in a studio
control room frequently extend to origination points outside of the particu-
lar studio in question, as indicated in Fig. 6-1. For example, it is often
the practice to supplement the production taking place in the studio with
motion-picture or still material emanating from projection machines and
their associated film camera channels. In some instances, the projection
system may be located in the studio control room itself. More frequently,
however, such equipment is located elsewhere. In the smaller stations it
is often a part of the master-control installation. In others, and almost
invariably in large studio plants, the projection or telecine equipment is set
up as a separate unit. This facilitates meeting any building codes that
may be applicable to equipment installations where motion-picture film is
being handled. In addition, by concentrating all telecine equipment at
one location it can be made available, by means of suitable video and con-
trol circuits, to any studio for integration with that studio’s own output.
Under these circumstances, any equipment not in service at the moment
can act as spare or emergency units for those that are in use. Further-
more, for a studio plant of any size, much less projection equipment will
be needed with a central telecine room than if each studio is equipped
with its own complement of projectors and film camera chains.
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In addition to integrating program material from projector sources with
that of the originating studio, it is often desirable to add material coming
from other studios in the same group. This can be readily accomplished,
assuming that adequate video switching and mixing equipment is avail-
able in the studio control room. F inally, it is sometimes necessary to
handle video program material from off-premise locations as a part of a
program originating primarily or in part from the studio. This latter
operation can be undertaken on a switching basis with little trouble.
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Frc. 6-1. An example of the manner whereby a television studio control room may
handle program material from any one of four sources: a main studio, an auxiliary
studio, a telecine room, a field location.

However, if it is necessary to create dissolves or montages, or otherwise
integrate the off-premise program material with the studio origination,
then special precautions must be taken to accurately phase the synchro-
nizing signals used by the two program sources. This problem is covered
in detail in Sec. 5-6.

Studio installations also differ from field pickup systems in the extent of
the video switching facilities that are provided. In order to obtain the
fades, lap dissolves, montages, wipes, and other special “effects” that are
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sometimes desired, relatively elaborate video control equipment may be
necessary.

The audio equipment required for a television studio may be very elab-
orate indeed—equal to, and often exceeding, that of the largest aural
broadcasting studio. To some extent this is occasioned by the need for
keeping the pickup microphones out of sight. This usually requires a
large number of concealed fixed microphones or the use of elaborate
microphone booms, as shown in Fig. 6-2. The studio audio console must
be able to handle the audio pickup from the various movable microphones,
from the fixed microphones, and from any associated announcer’s booth.

Fic. 6-2. This photograph taken during a rehearsal illustrates the large number of
microphones sometimes used on a television progranm. Visible in this portion of the set
are two microphones on booms, two hanging microphones, and two floor-stand miero-
phones. In all, 12 microphones were actually employed.

In addition, the audio console must coordinate the audio signals originat-
ing from sound-effects equipment, from any motion-picture films that are
integrated with the studio production, from phonograph records that are
used to provide incidental music or other background effects and, finally,
the audio signals from any remote sources of program material (such as
from other studios or field locations) that are woven into the production.
Often, provisions must also be made for reproducing the background
effects in the studio in order that the performers may be able to hear this
portion of the program production. This usually requires modification of
the control circuits in the audio console since most equipment primarily
intended for aural broadeasting applications contains interlocking circuits
designed to prevent this type of operation.
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6-3. Typical Studio Video System. A studio video system parallels, in
many respects, a studio audio system. For the most part, the individual
video components are considerably more complex than their audio coun-
terparts. However, systemwise, the video equipment units are arranged
in much the same manner as the corresponding units of a broadcasting
studio audio system. For example, the television camera corresponds to
the microphone, the video preliminary amplifier to the microphone pre-
liminary amplifier, the video mixing and switching equipment to the audio
mixer, the video distribution amplifier to the audio program or bridging
amplifier, the waveform monitor to the volume indicator, and the picture
monitor to the loudspeaker. Film projectors correspond to turntables,
background projectors to sound-effects devices, and so on.

In a studio video system, the output of each film or studio camera
(which, unlike modern microphones, usually have their preliminary ampli-
fiers built within the camera housing) is connected to a camera-control
unit, as shown in Fig. 6-3. Associated with each camera-control unit there
are a picture and a waveform monitor. The output of each camera-con-
trol unit is connected to an input position on a video control console. The
function of this unit is to mix and switch the video signals in much the
same manner as microphone and transcription inputs are mixed in an
audio control console. Picture monitors are employed at this point also
to assist in the mixing operation. From the video control console, the
picture signal is usually amplified, synchronizing signals are added, and
the composite waveform is then sent to the transmitter.

As compared to an audio system there are, however, several major dif-
ferences in the video system. One stems from the complexity of the
camera tube which requires that a number of electronic camera controls
be given constant supervision if the highest picture quality is to be
obtained. Although comparable to gaining an audio program, the camera-
control operation is much more complicated. As a result, it is generally
separated from the mixing and switching operation and performed at a
camera-control unit. In all but the smallest setups, the camera-control
function is performed by a person charged only with this responsibility.

Another major difference in video systems, as compared to their audio
counterpart, is occasioned by the fact that video signals cannot be trans-
mitted from place to place around a studio plant quite as freely as audio
signals. The time delays that are suffered when video signals are trans-
mitted any appreciable distance over cables must be taken into considera-
tion when several signals are to be mixed together at some one point.
Because of this factor, centrally located video relay switching systems are
sometimes employed rather than individual manually operated switches
located in each studio control room. Under certain circumstances, how-
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ever, the latter type of switching system can be used with complete suc-
cess, provided the necessary circuit design precautions are taken (viz.,
equalizing the delay of all signals to a suitable common reference).

Television studio (and field) cameras have already been described in
Chap. 2. The remaining units that are a part of a complete studio televi-
sion system are described in the following sections.

Fic. 6-4. An array of six studio-type camera-control units together with an associated
outgoing-line monitor (at center). Each camera-control position includes a picture
tube, two waveform monitor tubes (operating at horizontal and vertical rates), and
a control panel for the associated camera.

6-4. Studio Camera-control Units. The functions of camera-control
units have already been described in Chap. 2. For illustrative purposes
and in order to cover the operation of the various circuits and controls, a
typical field-type unit was detailed. Studio camera-control units perform
much the same function as field units; consequently, the circuits employed
are not detailed again. A bank of typical studio-type camera-control units
is shown in Fig. 6-4. One camera-control unit is required for each studio
or film camera, and it is the usual practice to group the units closely
together in a studio control room.

In this particular installation the first two control units on the left end
of the row are used for film camera operation. The third unit is for a
studio camera, while the picture and waveform monitor in the center posi-
tion is employed for monitoring the outgoing video circuit. The three
remaining camera-control units on the right end of the row are associated
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with an equal number of studio cameras. Thus the assembly, as a whole,
accommodates two film cameras and four studio cameras besides provid-
ing an outgoing line monitor.

The camera-control units shown in Fig. 6-4 employ a 12-in. picture tube
and two 5-in. waveform monitors. One of the latter is operated at a scan-
ning frequency equal to one-half the picture horizontal or line scanning
rate while the other operates at one-half the vertical or field scanning rate.
Thereby, one oscilloscope displays two complete cycles of horizontal
video information while the other shows that corresponding to two fields.

The camera controls themselves are located in a horizontal panel that
is mounted flush with the desk top. The controls that are located on this
panel, within easy reach of the camera-control man, are those for adjust-
ment of video gain, blanking level, target voltage, beam current, beam
focus, multiplier focus, image focus and horizontal and vertical shading
signals.

The supporting circuits required for the camera-control unit illustrated
are contained in an associated equipment rack. These include the circuits
necessary for (a) amplifying the output signal from the camera preampli-
fier, (D) establishing black level, and (c¢) mixing in blanking pulses that
are supplied by the synchronizing generator. In some instances (e.g.,
the equipment shown in Fig. 14-23) the auxiliary rack is dispensed with,
and the equipment chassis required to perform the afore-mentioned func-
tions are located in the base of the camera-control unit.

6-5. Video Switching Console. The video control console circuits
shown in the schematic block diagram of Fig. 6-3 are arranged to accom-
modate 12 possible input signals. It is recognized that this may be a more
elaborate arrangement than will be required by some television stations
but, for the purpose of illustrating the principles involved, it is desirable
to include provisions for all probable input sources. For any specific
installation, only those input channels that are required need be included
in the video control console.

Input Circuits. Each input circuit in the console provides a resistive
termination for the signal source. The standard circuit impedance is
75 ohms (Table 1-1), but in practice it is often found desirable to employ
a termination that may be varied approximately =5 per cent from this
value in order to eliminate all traces of reflections chargeable to incorrect
circuit termination.

The switching system illustrated in the afore-mentioned diagram em-
ploys a conventional grid arrangement wherein the horizontal busses carry
the incoming signals and the vertical busses the outgoing signals. At the
crossover points marked with either a cross or a circle-enclosed cross, the
input and the output busses may be connected together at the will of the
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control console operator. The actual connection may be effected by
means of a manually operated switch, or remotely located video relays
may be used for the purpose. All the circuits associated with any given
vertical line of connections are interlocked so that only one circuit in the
vertical line may be closed at a given time. Thus an outgoing circuit
represented by a vertical bus, will receive a video signal from only one
source at a time.

The connections in the first horizontal row in the control console circuits
shown in Fig. 6-3 are labeled “Black.” These are actually the off-position
connections, but in television broadcasting, “off” does not mean that no
signals are transmitted—rather, blanking and vertical and horizontal syn-
chronizing pulses are transmitted while only the picture signal is turned
off. This maintains the scanning beam of picture monitors and television
receivers in synchronism while blanking off the electron beam so as to
avoid any visible trace.

Camera Inputs. The next four horizontal input busses are shown con-
nected to the outputs of as many studio camera-control units. The signal
received from these units consists of the picture signal plus blanking. In
accordance with accepted practices, this is a black-negative signal having
an amplitude in the vicinity of 1.0 volt, peak to peak.

The next two input positions, labeled Nos. 5 and 6, are spares that may
be used (a) for additional studio cameras, (b) for picture plus blanking
signals from other studios, or (c) for video signals from a film camera
chain. The timing of any signals that are connected to these inputs must
be commensurate with those being originated in the studio under discus-
sion. Presumably the equipment supplying these supplementary signals
will be operated from the same synchronizing generator that drives the
main studio equipment or, if a separate synchronizing generator is em-
ployed, it will be locked in with the master generator. Furthermore, any
delay suffered by either the main or the supplementary signals must be
equalized before the two may be mixed and switched together.

Remote Inputs. The next three input positions, on the video console
being described, are designed to accommodate an entirely different kind
of signal than the first six positions mentioned above. Positions 7, 8, and 9
are designated “remote” because they are intended for handling signals
received from off-premise pickup points. Signals of this type are usually
transmitted over the interconnecting circuits as composite signals, i.e., a
picture signal complete with blanking and all synchronizing pulses. Sig-
nals of this type do not lend themselves to fades, dissolves, and other
special “effects” since, if their amplitude is varied from normal, the syn-
chronizing pulses are correspondingly varied in amplitude. Thus, if a
composite signal is faded to black, the synchronizing information will
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likewise be decreased and the television receivers and picture monitors
on the circuit will very likely lose synchronism. Under these circum-
stances, the picture will roll or otherwise become unusable.

For this reason, when it is desired to effect any processing of the video
signal, it is desirable to add the synchronizing signal after all switching,
fading, or other control is effected. This applies even to quick switching
of program sources since many receivers react unfavorably even to mo-
mentary interruption of synchronizing information. Unfortunately, when
remote sources of program material are involved, the addition of synchro-
nizing signals after switching cannot usually be practiced. Separate syn-
chronizing generators are used at remote points and, unless synchronizing
signal-locking equipment is provided (as explained in Sec. 5-6), they are
not normally in synchronism with the unit at the main studios. Further-
more, the remote pickup program may be that from the incoming network,
and in this case it is not feasible to lock the out-of-town synchronizing gen-
erator to the local unit. Further, although it is possible, it is not always
practicable to lock in the local synchronizing generator with the remote
unit because of the requirements of the film projectors (see Sec. 9-6,
Projector Synchronizing) that play such an important part in program
production. For these reasons, signals originating at remote points are
invariably composite signals having all pulses present and properly timed
with relation to one another.

The video console switching positions intended for handling remote
programs are therefore arranged so that, whenever a remote program is
switched to the outgoing line, local synchronizing pulses are automatically
turned off. The circle-enclosed crosses in F ig. 6-3 indicate the switching
system junctions at which this action takes place.

Cue Input. The tenth position on the switching console is set aside for
cueing purposes. Prior to the studio in question beginning its broadcast,
the picture signals from the preceding program can be sent to the control
room of the waiting studio and observed by those responsible for timing
the start of the new program. The cueing position is also useful if the
studio under discussion is originating a portion of a program that is being
coordinated by still another studio. Under these circumstances, the cue-
ing position may be employed to watch the progress of the main portion of
the program and thereby be forewarned as to when the local production
is to begin.

Test-pattern Input. The eleventh position of the video console is per-
manently connected to a source of test-pattern signal. This source may
be a film camera chain (used in conjunction with a slide or opaque pro-
jector), a flying-spot scanner, or a monoscope (see Chap. 8). The avail-
ability, at all times, of a suitably designed test pattern is a tremendous aid
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in lining up circuits, picture and waveform monitors, provided (a) the
linearity of the pattern, (b) the amplitude of the output signal and (c¢)
the transfer characteristic of the signal generator are rigidly maintained
at all times.

Effects Circuits. The twelfth and last input position of the switching
console is connected to the output of an “effects” device. Two of the four
outgoing circuits (vertical busses) of the switching system described are
connected to the input of the effects device. Thus, any two of the six
locally produced picture signals (positions 1 to 6) may be connected to
the input of the effects unit. It is this unit that is employed to obtain the
lap dissolves, the fades, the wipes, the montages, and the other special
effects that are so vital to television program production.

Outgoing Program Circuit. One of the outgoing circuits (the third
from the left) is connected to the main program channel. By operation
of the proper control, this main channel may be connected to any of eleven
incoming program sources. The only incoming program material that
cannot be switched to the outgoing line is the cueing signal which, of
course, should not be transmitted beyond the studio control room.

Preview Circuits. The fourth and fifth outgoing busses are connected
to preview picture monitors that may be used to examine critically the
video signal on any of the incoming channels. Thus, those responsible
for the program production have a means of determining exactly what
program material is available on a given channel before it is switched to
the main outgoing circuit. In some installations the program production
requirements are such that one preview monitor fulfills all needs. The
preview channel may be dispensed with entirely in those cases where the
picture monitors associated with the camera-control units are within the
view of those responsible for program production and where it is not nec-
essary to preview (a) incoming remote programs, or (b) the output of the
effects units, or to have cueing facilities.

Switching System Features. Where instantaneous switching from one
program source to another is desired, this can be effected by making the
proper connections to the outgoing bus labeled “Line.” While this type
of operation is in progress, program material from any two of the first six
input positions may be connected to the “effects” unit and, with the aid of
a preview monitor, the desired special effect created. When adjusted to
the satisfaction of those concerned, the output of the effects unit may be
connected to the main channel by making the connection between the
“Line” bus and the “Effects” bus.

If the effect being created is simply that of fading from one signal source
to the other, either by first going to black or by a lap dissolve, then the
effects unit may be released for the next setup immediately after the fade
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or dissolve is completed. This is done by simply connecting the channel
that was faded in via the effects unit directly to the main outgoing chan-
nel by effecting the proper connection on the outgoing line bus.

The outgoing bus marked “Line” could have been eliminated from the
switching system shown and all signals passed through the effects unit.
However, had this been done, there would be no opportunity to preset,
during a broadcast, a particular effect that is desired. This is not serious
so long as special effects are limited to fades and dissolves; where wipes
and montages are employed, it is very helpful to have an opportunity to
preview an effect before it is broadcast.

Frc. 6-5. In this video switching console the four rows of white buttons in the center
of the panel perform the main camera switching functions described in the text. The
two long rows of black buttons at top center are for preview channel selection. The
small groups of four and five buttons at the left are used, respectively, for remote con-
trol of filn projectors and for selection of program material for picture monitors located
at strategic places in the studio and control room.

In Fig. 6-5 there is shown a video switching console which contains the
features described above and, in addition, incorporates a second pair of
effects circuits, complete with mixing amplifier and fader controls. This
arrangement provides means for making a lap dissolve from a single pic-
ture source into a superimposition or a montage of two other picture
signals, or vice versa. Alternately, a superimposition or a montage of as
many as three program sources can be made simultaneously.
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6-6. Video Utility Amplifiers. In television applications the nearest
parallel to the conventional audio amplifier is the video utility or isolation
amplifier. Actually this video amplifier is more nearly the equivalent of a
specialized audio unit, the audio isolation amplifier, since the video coun-
terpart usually has relatively little gain and is intended primarily to isolate
one video circuit from another. In a complete studio television system
(see Fig. 6-3) there are usually a large number of video isolation ampli-
fiers because, unlike audio practice, when an auxiliary or supplementary
feed is desired it is not possible simply to connect to a through video cir-
cuit with a bridging transformer. Therefore, a video isolation amplifier is
usually employed at every point in a television circuit where, in the audio
case, a bridging transformer or a dividing network would be used. A
phenomenal number of video isolation amplifiers are required for a tele-
vision studio plant installation of any size.

F1c. 6-6. Three video utility amplifiers and an associated power-supply unit mounted
on a chassis that is suitable for rack mounting. (Courtesy of General Electric
Company. )

In the block schematic diagram of the studio video system shown in
Fig. 6-3, an isolation amplifier is used in the main program channel be-
tween the output from the switching unit and the input to the stabilizing
amplifier. An isolation amplifier is required at this point since a relatively
high impedance is required for bridging the program busses. Since the
stabilizing amplifier used for this illustration has a finite input impedance,
it cannot be bridged directly across the program circuits. Isolation ampli-
fiers are also used to feed various monitoring circuits that are bridged
across the output of the main channel.
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A typical assembly of three utility video amplifiers and their associated
power supply is shown in Fig. 6-6. Each of the amplifier units illustrated
provides one video channel having a bandwidth of approximately 9 Mc,
and in addition to a regular video output at 1.4 volts, peak to peak, a sec-
ond output at the same level is also available for monitoring or other pur-
poses. A compensating network is provided in the main output circuit to
accurately adjust the internal output impedance of the amplifier to the
standard 75-ohm value over essentially the entire transmission band. The
monitoring output does not afford this refinement, although it is fed from
a low-impedance source by means of a network that provides an output
impedance that is essentially 75 ohms except at the high frequencies
where capacitance effects come into play.

The gain of the video amplifier illustrated is normally adjustable over
the range from 0.6 to 2.5 times which is adequate for the great majority of
television applications. However, if a nominal amount of additional gain
is required, this may be obtained by reducing the magnitude of the feed-
back applied by a feedback loop. Under these circumstances, the gain
may be increased to four times but at the expense of bandwidth and of the
output level available from the monitoring output circuit.

The circuit diagram of the video amplifier under discussion is shown in
Fig. 6-7. The unit is seen to consist of four stages of amplification with a
feedback loop applied from the plate of the second stage (second section
of V1) to the cathode of the first (first section of V1) and a second feed-
back loop from the plate of the output stage (V3) to the cathode circuit
of the third stage (V2). In effect, the unit consists of a pair of two-stage
feedback amplifiers connected in cascade. The gain control is an adjusta-
ble resistor, R6 in the first feedback loop. Decreasing the amount of feed-
back increases the gain, and vice versa.

INPUT

Bl ot4—
UTILITY AMP
—+0J2 ot+—
ton ot+—
UTILITY AMP. > OUTPUTS
—t10 42 o4

Lodl )

UTILITY AMP.
”sn oJ2 ot+— )

Fic. 6-8. A method of paralleling the input circuits of a number of video utility
amplifiers. To avoid undesirable reflections, the input circuit termination is connected
to the last unit in the chain.
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As shown, the input impedance of the amplifier is high and is intended
for bridging standard 75-ohm video circuits. Where desired, the ampli-
fier can be provided with a 75-ohm input impedance by connecting a
resistor of this value to connector J2 while employing J1 for the regular
input connection. On the other hand, if a number of utility amplifiers are
to be connected in parallel, the signal source may be connected to J1 of
the first amplifier, and a connection from J2 of the first unit looped to the
J1 connector on the second amplifier and so forth, as shown in Fig. 6-8.
In this instance, it is important to place the terminating resistor on the J2
connector of the final amplifier in the chain if reflections are to be avoided.
Furthermore, unless special precautions are taken, it is generally not possi-
ble to parallel more than above five amplifiers because of degradation of
the response at the high-frequency end of the spectrum.

6-7. Stabilizing Amplifier. Just as in a broadcasting studio audio sys-
tem, the mixing and switching circuits in a television system are followed
by an amplifier. However, in the video application the amplifier used at
this point in the system is called upon to do a great deal more than simply
increase the amplitude of the signal coming from the video mixer circuit.
In addition to this service, the unit is required to remove any low-fre-
quency surges that may have been introduced by the switching and mixing
operation, and to add synchronizing signals (both horizontal and verti-
cal) to the picture and blanking signals that are obtained from local cam-
era pickups. Furthermore, as is evident from Sec. 6-5, composite televi-
sion signals may also be handled by the switching circuits although these
do not require the addition of synchronizing signals upon entering the
main video program channel. However, the synchronizing signals that
are a part of the composite signals may have become compressed, noisy,
or otherwise degraded somewhere along the way. In order to restore
these synchronizing signals to the standard that must be maintained if
successful television transmission is to be achieved, means must be pro-
vided for rehabilitating the synchronizing signal. These operations (and
others) are undertaken by a stabilizing amplifier which from its location
in the video circuit is analogous to the program amplifier in an audio sys-
tem. However, because of the variety and complexity of its functions, the
television stabilizing amplifier has no true counterpart in the audio field.

Applications. A versatile stabilizing amplifier can perform a large
number of functions which, for clarity, are summarized below. A stabiliz-
ing amplifier may be used at any point in a video system where it is desira-
ble to perform one or more of the following operations:

a. Increase a picture signal level by a factor of ten times or there-
abouts, depending upon the design of specific stabilizing amplifiers.
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b. Remove low-frequency distortion such as may be introduced by
coupling circuits with inadequate time constants.

c. Remove hum or other low-frequency disturbances, such as power-
supply or switching surges, that are added to a co