
Principles and Practices 
of 

Telecasting Operations 

HAROLD E. ENNES 

Staff Engineer - WIRE 

Technical Director WAJC (FM) 

Instructor Radio & Television 
Jordan College of Butler University 

FIRST EDITION 

HOWARD W. SAMS & CO., INC. 
INDIANAPOLIS 5, INDIANA 

1953 



To Mary Lou 

COPYRIGHT, 1953, BY 

HOWARD W. SAMS & CO., INC. 
Printed in the USA 

All rights reserved. This book, or parts thereof, may not be reproduced in 
any form without written permission of the publisher. No patent liability 
is assumed with respect to the use of information contained herein. 



Preface 

Television stands today as a challenge to every man in the field, or contemplat¬ 
ing the field; a challenge to meet the multitude of new practices and operational 
techniques involved in a complex job. As the novelty of this new medium gradually 
wears off from familiarity, it is more and more imperative that improvements of 
operations and technical production techniques jump ahead of the beginnings 
already made. 

The purpose of this text is twofold; to serve as a thorough training guide for 
prospective operators (as distinguished from research or design engineers), and 
to provide a reference handbook for operators already in the field. The reader should 
Imve fundamental radio knowledge, and have, or be concurrently studying for, a 
Radiotelephone First Class Operators license, or equivalent background. 

The handbook is arranged as follows: 
Chapters (1-5) —WHAT THE OPERATOR SHOULD KNOW 

ABOUT THEORY. 
Chapters (6-8) —OPERATING TV STUDIO EQUIPMENT. 
Chapters (9, 10) —OPERATING TV FIELD EQUIPMENT. 
Chapters (11, 12) — TRANSMITTER CIRCUITS, OPERATION 

AND MAINTENANCE. 

Wherever actual schematic diagrams of commercial equipment is presented the 
manufacturer’s literature pertaining to it is omitted. Commercial data assumes 
that the user is completely familiar with all the required theory. Therefore, so that 
the reader may gain the utmost from the presentation, the author has used 
schematics of actual TV equipment circuitry, but described the function in terms 
of basic theory. In this way, the practicing operator, especially the newcomer to 
TV, is able to understand the equipment he uses in relation to fundamental theory. 

Chapter 1 contains an elementary approach to the function performed by each 
piece of apparatus in the TV system. This chapter should be studied by every 
reader who has not received a basic training in television theory. The more ad¬ 
vanced reader will find it an excellent review to refresh and clarify the overall 
picture of television broadcasting. 

Chapter 2 through 5 take up the details of each component, from the camera 
lens to the transmitter antenna, thus presenting the necessary theory in easy 
steps. 

The setup of equipment, operation, and maintenance is thoroughly covered in 
Chapters 6 through 12. It is of utmost importance that the reader be well grounded 
in basic theory contained in Chapters 1 through 5 before undertaking the remain¬ 
ing portions. Any discussion of the practical operation of TV equipment can be 
very confusing and of little practical value if the theoretical functioning is not 
well understood. 

The Appendix contains a detailed Glossary of Production Terms and Technical 
Definitions for reference. It als« contains a handy reference guide to TV Rules and 
Regulations most important to the operator. 
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CHAPTER 

Introduction to Television: 
What the Equipment Does 

Introduction to Chapter One 

We are about to piunge headlong into 
a basic description of each major com¬ 
ponent concerned with the video signal 
at the TV broadcast station. In practice, 
these various units are so interdependent 
that it is difficult to clearly illustrate the 
exact functioning of any one unit with¬ 
out some mention of another unit. With 
this thought in mind, it is the purpose 
of this introductory section to give a 
brief overall view of the problems en¬ 
countered, so that the strictly tyro 
reader will grasp more of the content of 
the following sections. Fig. 1 is presented 
to aid in this understanding. 

This figure is a simplified block dia¬ 
gram of all units discussed at studio 
and transmitter. The numbers designate 
the section number which concerns this 
particular unit. It would be well for the 
reader to refer to this diagram often 
during the rest of the chapter so that 
tiie orientation of equipment may be 
clearly defined. 

The lens focuses the scene to be tele¬ 
vised upon the pickup tube within the 
pickup head. The pickup head and view¬ 
finder constitute the television camera. 
The image that is thus placed upon the 
photosensitive surface of the camera 
pickup tube imparts a charge upon the 
surface which corresponds point by point 
with the light or dark content of the 
picture. 

Before we can pick off these varying 
charges element by element, some means 
must be found to precisely relate the 

time at which such action is started. The 
synchronizing generator does this very 
thing. Every electrical action that takes 
place in the video signal process is di¬ 
rectly controlled by this unit. Thus when 
a camera driving putse is supplied to the 
camera for the purpose of exactly tim¬ 
ing a certain function, a so called “sync 
pulse” is simultaneously transmitted on 
the video carrier to “trigger” the re¬ 
ceiver action at the same time. Fig. 2 
represents the functions of one line of 
a picture of varying shades of gray from 
white to black to white again. 

Within the pickup head are multivi¬ 
brator circuits which generate a “sweep 
current” to “scan” the image. (Refer 
to Fig. 2 during this description.) This 
means that a beam of electrons similar 
to that in a cathode-ray tube is caused to 
sweep across the image and become 
modulated by the charges at the various 
points upon the image surface. When a 
certain time has elapsed which corre¬ 
sponds to the time it takes the beam to 
sweep exactly one line of the whole pic¬ 
ture, the driving pulse is received. This 
pulse triggers the circuit causing a rapid 
reversal of the scanning beam so that 
it is in a position to start another line of 
image scanning. At this same time, the 
horizontal (or line) sync pulse is trans¬ 
mitted on the video carrier which causes 
the receiver sync circuit to be similarly 
triggered. Also at approximately this 
same time, a “blanking” pulse is trans¬ 
mitted. This pulse drives the receiver 
picture tube into cut-off, extinguishing 
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Figure 1. 
Block diagram of units described basically in Chapter 1. The associated numbers indicate 

the section pertaining to that unit. 
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Figure 2. 

the beam so that this rapid retrace line 
will rot be visible to the viewer. 

This action is repeated until the cam¬ 
era scanning beam has reached the bot¬ 
tom of the image. Now it must be re¬ 
turned to the top of the picture to start 
another complete scanning process. At 
this time, a vertical driving pulse is re¬ 
ceived from the precisely timed sync 
generator which causes the scanning 
beam to return to the top oí the picture 
raster. Also, a vertical sync pulse is 
transmitted upon the video carrier so 
that the receiver is triggered the same 
way. Again, a blanking pulse is simul¬ 
taneously transmitted which causes the 
retrace line to be invisible. 

As shown in the block diagram of Fig. 
1, the pulses from the sync generator are 
first fed to a sync distribution panel. 
Camera driving pulses are fed from this 
panel to the camera control unit in the 
studio, and through this unit < via coax¬ 
ial cables) to the camera in the studio. 
This camera control unit also receives 
the video output signals from the cam¬ 
era, amplifies and controls them in am¬ 
plitude and quality, and passes them on 
to the switching panel. It should be noted 
that the composite sync pulses from the 
sync distribution panel are fed to a 
“stabilizing” amplifier which feeds the 

line to the transmitter. This composite 
sync is made up of horizontal and verti¬ 
cal sync pulses. Blanking pulses are 
usually inserted at the camera control 
unit. The composite sync and blanking 
are therefore transmitted along with the 
video signal from the same output am¬ 
plifier. The camera driving pulses are 
not transmitted, but supplied only to the 
camera and film equipment. They are 
precisely related in time to the com¬ 
posite sync by the functioning of the 
sync generator. Thus the transmitter 
and receiver functioning is exactly co¬ 
ordinated in operation at any instantane¬ 
ous time. 

As shown, the TV transmitter is actu¬ 
ally two transmitters, one visual and one 
aural. These signals are combined in the 
antenna and radiated into space. 

1.1 Basic Function of the Lens 

There is, in the human eye, a device 
known as the “crystalline lens,” which 
causes the diverging waves of light to 
converge upon the retina, or light-sensi¬ 
tive surface at the back of the eye. With¬ 
out such a lens, only a confused jumble 
of light would strike the retina. Thus 
light waves from many different points 
must be “focused” upon a correspond¬ 
ing point on the retina of the eye. 

• 3 
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Figure 1.1 A. Basic action of a lens. 

Figure 1.1B. Fornation of the image by the lens. 
Showing how the image is inverted from the ob¬ 
ject focused upon. The rays of light from the 
center of the arrow (not shown in this diagram) 
are obviously bent an equal amount from the 
outer edge of the lens (See Figure 1.1 A) and con¬ 

verge again at the center. 

The basic function of the lens is illus¬ 
trated in Fig. 1.1A. Light waves travel 
only about two-thirds as fast through 
glass as through air. When an advanc¬ 
ing wave enters a medium in which it is 
retarded in velocity, and if it strikes 
the medium obliquely (as the two outer 
rays in Fig. 1.1A), it will be bent as 
shown because one part of the wave is 
checked in speed before the other part. 
The rays through the center of the lens, 
since they do not strike obliquely, con¬ 
tinue on through the lens in a straight 
line, although retarded in velocity. Thus 
the light waves converge upon a point 
known as the “focal point” behind the 
lens, after which they diverge again and 
are no longer “in focus.” 

The image focused upon the light sen¬ 
sitive surface behind the lens at the 
focal point, is “upside down” from the 
object focused upon. This is illustrated 
in Fig. 1.1B. An arrow is the object 
focused upon. The rays from the top of 
the arrow (shown by solid lines) are 

Figure 1.1C. The shorter the wavelength of the 
light rays, the greater is the bending effect of a 
given “uncompensated” lens. The shortest wave¬ 
length of visible light is violet, then blue, green, 
yellow, orange, and (the longest visible wave¬ 

length) red. 

bent in passing through the lens as 
shown, and converge at the bottom of 
the image being formed. Conversely, rays 
of light from the bottom of the object 
(shown by dotted lines) will be con¬ 
verged upon a point above that of the 
tip in the image. Thus the image formed 
by a lens is upside down from the ob¬ 
ject focused upon. 

Colors, being essentially different 
wavelengths of the visible spectrum, act 
differently from one another upon pass¬ 
ing through an ordinary lens. Although 
they travel at the same velocity relative 
to one another in the air, such is not true 
when they pass through any other me¬ 
dium. Fig. 1.1C illustrates the effect of 
an ordinary “uncompensated” lens when 
white light (all colors) are being passed. 
Two colors are shown, red and blue. The 
blue rays will be bent a greater amount 
than the longer wavelength red rays, 
and therefore will be focused at a point 
nearer the lens. 

In actual practice, TV lenses are not 
the simple type of “biconvex” lens that 
have been shown thus far. As shown 
above, an ordinary lens will not focus 
the various colors of the spectrum at the 
same point behind the lens. Therefore, 
the TV camera lens may be composed of 
a number of lenses of varying curva¬ 
tures to correct certain defects. Fig. 

Figure 1.1 D. Basic development of the achro¬ 
matic lens. A convex lens of crown glass suffers 
from chromatic aberration as shown. A concave 
lens of flint glass results in variance of diverging 
colors as shown. Therefore, a combination of the 
types of lenses, corrects the defect of either lens. 
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Figure 1.1E. Television camera lens turret with 4 
size lenses. 

1.1 D shows the basic idea of a “color 
corrected lens.” The original fault is 
known as “Chromatic aberration.” A 
lens corrected as shown in Fig. 1.1D is 
known as an “achromatic lens,” mean¬ 
ing that chromatic aberration has been 
corrected. Another fault with an ordi¬ 
nary single lens is that it cannot form 
an image entirely flat, that is, the edges 
of the image are apt to be less sharp than 
the center. Such a defect is known as 
“astigmatic aberration.” A lens cor¬ 
rected for this fault is an “anastig-
matic lens,” sometimes called “anastig¬ 
mats.” 
Many TV lenses are coated with a 

layer of magnesium fluoride approxi¬ 
mately 4 X 10 6 inches thick. This reduces 
the amount of light reflected from the 
surface of the lens, thereby increasing 
the efficiency of light passage through 
the lens. Such lenses are recognized by a 
bluish or pale tint. 
The TV camera lenses are mounted 

upon a “lens turret” accommodating 4 
different types as shown in Fig. 1.1E. 
The turret is rotated by the operator 
from the rear of the camera. 

1.2 Tbe Pickup Tube 

A microphone is an audio transducer, 
that is, it converts varying air pressures 
constituting sound waves into corre¬ 
sponding electrical waves. The TV cam¬ 
era is an optical-video transducer, which 
converts the reflected light waves reach¬ 

ing the lens, to corresponding electrical 
impulses. 

The entire camera (not including the 
viewfinder) is termed the “pick-up 
head.” It contains the lens and iris sys¬ 
tem, pickup tube, horizontal and vertical 
deflection coils, aligiunent coil, focusing 
coil, horizontal and vertical deflection 
amplifiers, blanking amplifier, and video 
signal preamplifier. 

There are two principal types of pick¬ 
up tubes used in TV transmission sys¬ 
tems, the Imane Orthicon, and the Icono¬ 
scope. The image orthicon is used in 
studio and field cameras for “live” pick¬ 
ups. The iconoscope is used largely for 
telecasting motion picture film and 
slides. 
The Iconoscope tube illustrated in the 

photo of Fig. 1.2A was the first practical 
all-electronic principle type of pickup 
tube developed. It was used for many 
years for all types of TV programming, 
but is now used principally for telecast¬ 
ing motion picture films or slides. 

Fig. 1.2B illustrates the basic action 
of the iconoscope. The tube is composed 
of two main sections, the beam-forming 
awl scanning section and the image sec¬ 
tion. The former section contains an 
electrostatically focused electron gun, 
and electromagnetic deflection coils for 
the horizontal and vertical scanning cur¬ 
rents. The image section contains a light¬ 
sensitive mosaic, which has a metallic 
surface backplate, and a metallic signal 
collector ring. 
The mosaic of the iconoscope is a sheet 

of mica upon which are thousands of 
individual “silver globules” insulated 

Figure 1.2A. RCA 1850-A Iconoscope. Courtesy 
RCA. 
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Figure 1.2B. Basic diagram of RCA Iconoscope. 

from each other. The globules are made 
photoelectrically sensitive by a slightly 
oxidized surface covered with a very 
thin layer of metallic cesium. The re¬ 
verse side of the mica sheet is covered 
with a conductive coating. This is known 
as the “signal plate” and is provided 
with an external connection to couple the 
signal to the video preamplifier. The 
mosaic, in con junction with this metallic 
backplate, may be considered as being 
thousands of tiny capacitors, each of 
which assumes a charge proportional to 
the amount of light falling upon it. The 
storage principle of a charged capacitor 
is used, since each globule holds its 
charge until discharged by some means. 

The globules are discharged in their 
proper sequence by the tiny beam of 
electrons from the electron gun. Con¬ 
trolled pulses through the deflecting coils 

6 • 

allow the proper “sweep” of the elec¬ 
tronic beam across the mosaic. This is 
the process of “scanning” discussed 
later. Secondary electrons are removed 
from the mosaic by the electron beam 
and are attracted to the collector ring. 
The ring is connected to the input of the 
video preamplifier so that the corre¬ 
sponding video signal variations are 
then amplified. 
The Image Orthicon tube is the prin¬ 

cipal type of pickup device used in 
modern studio and field cameras for 
“live” TV telecasting. Fig. 1.2C illus¬ 
trates two such tubes. The larger tube 
(15 inches long, 3 inches greatest diam¬ 
eter) is of the type used in TV broadcast 
type cameras. The smaller tube is the 
“miniature” type used in industrial and 
“closed circuit” cameras, not in broad¬ 
casting. 
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Figure 1.2C. Image Orthicon type pickup tube. 
Courtesy RCA. 

Fig. 1.2D is a simplified schematic dia¬ 
gram of the image orthicon. This device 
is similar to the iconoscope in only one 
respect; that is, it operates upon the 
“storage” principle. The electron beam 
from the gun is of a “low velocity” type 
rather than the high velocity operation 
of the electron beam in the iconoscope. 
The camera lens focuses the reflected 
light from the scene onto a photo-sensi¬ 
tive surface which is a translucent photo¬ 
cathode (See Fig. 1.2D). Corresponding 
photoelectrons are therefore caused to be 
emitted from the back surface of the 
element. By “electron-lens” action these 
emitted photoe'ectrons cause a synony¬ 
mous electron image to appear on the 
face of the target. The target is com¬ 
posed of two elements, a very thin plate 
glass with a face (toward the front of 
the tube) of screen wire comprising ex¬ 
tremely fine wire mesh. An ordinary 
pinhead will cover some 7000 of the tiny 
openings of the screen mesh. 
The more liglit that strikes the photo-

cathode, the more the number of elec¬ 
trons that strike the front of the glass 

target. Thus at each “light” portion of 
a scene, electrons strike the glass target 
and cause secondary electrons to be 
emitted which are collected by the screen 
mesh and passed off to ground. The cor¬ 
responding deficiency of electrons at that 
point on the target causes a positive 
charge at that point. Therefore, elec¬ 
trons on the back side of the glass will 
leak through to the front at that point, 
which now leaves the back side positively 
charged at that point of the surface. 

The scanning beam from the electron 
gun is obviously “aimed” at this back 
side of the target glass. As the beam 
sweeps across the target, points which 
still possess a negative charge (black 
portions of the scene) will repel the elec¬ 
tron beam and cause all of the emitted 
electrons from the gun to return in the 
form of a “return beam.” (See Fig. 
1.2D). However, when the beam is in the 
vicinity of a positive charge on the tar¬ 
get (“light” portion of a scene) some of 
the electrons are “robbed” from the 
beam to neutralize the positive charge 
at that point. 

Therefore, it may be observed that the 
return beam constitutes a varying sig¬ 
nal which corresponds to the light con¬ 
tent of that point of the scanned image 
on the target. This is the video signal. 
This signal is then passed through a five 
stage multiplier for amplification. 

Obviously only the very basic charac¬ 
teristics of pickup tubes have been dis¬ 
cussed in this chapter. They may be 
summed up as follows: 

Figure 1.2D. Fundamental action of Image Orthicon tube. Photo Courtesy NBC. 
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The pickup tube is a video transducer, 
converting the varying light intensities 
of points of a scene into corresponding 
electrical impulses. The pickup head is 
said to be an optical-video transducer. 

The iconoscope was the first practical 
all-electronic video transducer. It was 
originally used for “live” pickups as well 
as film by using extremely brilliant 
lighting systems. Due to its compara¬ 
tively low sensitivity, it is now used 
mainly for film and slides. Video-trans-
duction is accomplished by the “storage” 
principle in which tiny capacitors on the 
mosaic are charged an amount depend¬ 
ing upon the reflected light at that point. 
When the scanning beam snaps across 
the mosaic, secondary electrons are 
emitted which alter the charge on the 
capacitor. The “modulated” stream of 
secondary electrons are attracted to a 
positively charged collector ring, flow 
through a load resistor, and the corre¬ 
sponding voltage variations are passed 
on to the video preamplifier. 

Due to certain spurious signals gen¬ 
erated in the iconoscope, correction sig¬ 
nals known as “shading” signals must be 
used as described in detail in Chapter 2. 

The image orthicon is a supersensitive 
video-transducer- approaching the hu¬ 
man eye in sensitivity. It is now used 
almost exclusively in studio and field 
pickup heads. It consists of three basic 
sections, the image section, the scanning 
section, and the electron multiplier sec¬ 
tion. In the image section, any optical 
image focused upon the photocathode 
causes it to emit electrons which are 
accelerated through a mesh screen in 
front of a glass “target.” At points on 
the target where electrons strike, sec¬ 
ondary electrons are knocked loose to be 
collected by the wire screen and passed 
to ground. This leaves the correspond¬ 
ing point on the target positively 
charged. The scanning beam will be re¬ 
pelled from the negative portion of the 
target, and return in entirety to the 
electron multiplier. At the positive 
points, however, a number of electrons 
(depending upon amount of positive 
charge) will be extracted from the elec¬ 
tron beam, and the return beam will be 
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less by an amount equal to those elec¬ 
trons extracted. This “modulated” beam 
is passed through a five stage electron 
multiplier, thence to the load resistor, 
across which is the input to the video 
preamplifier. 

A close study of this process reveals 
that the darker portions of the scene re¬ 
sult in a greater number of electrons in 
the return beam, while the lighter the 
scenic point, the less the number of elec¬ 
trons. 

We will go into a detailed analysis of 
all types of pickup tubes in the next 
chapter due to the importance to the TV 
operator of a clear understanding of the 
operating characteristics of camera 
tubes. 

1.3 The Viewfinder 

The basic action of the conversion of 
the light energy in a scene to corre¬ 
sponding electrical impulses comprising 
the video signal has just been discussed. 
The question now arises as to the means 
of ascertaining the scene covered by the 
camera operator. 

There are two genera! types of view¬ 
finders; optical and electronic. 

Optical types are divided into two 
physical designs. When an iconoscope 
pickup tube is used, as in televising film 
or slides, a mirror is so arranged that 

Figure 1.3A. Pickup head with electronic view¬ 
finder mounted on top in normal operating posi¬ 
tion. Also shown is the lens turret control. This 
handle is squeezed to release the position lock 
and turned to position the choice of lens in front 

of the camera. Courtesy G. E. 
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the operator may look into the camera 
and view the image directly on the mo¬ 
saic of the iconoscope. An optical view¬ 
finder for regular studio and field cam¬ 
era employing the image orthicon uses 
a lens system which is a duplicate of the 
tube lens system. The two systems move 
simultaneously upon adjustment of a 
common control. 

The electronic viewfinder is the most 
popular for cameras employing the 
image orthicon tube. It is most com¬ 
monly mounted on top of the camera as 
shown in Fig. 1.3A. This viewfinder re¬ 
ceives the video signal from the output 
of the preamplifier in the pickup head, 
amplifies it and reproduces the image on 
a cathode ray tube which serves as the 
viewfinder screen. Obviously the view¬ 
finder circuit must also receive the vari¬ 
ous control and sweep voltages which 
are incorporated in the camera circuits. 

There are various advantages and dis¬ 
advantages to either type of viewfinder. 
The optical type is, of course, simpler to 
maintain. It may also be used in such a 
manner that the operator may “see” 
portions of a scene outside that covered 
by the camera, so that he knows what a 
“pan” (Sweeping of camera to right or 
left) will cover without removing his 
face from the “hood” of the viewfinder. 
This is not possible with the electronic 
type since the reproduced scene is what 
the camera actually covers as dictated 
by the output signal from the video pre¬ 
amplifier. 

Advantages of the electronic view¬ 
finder are several in number. First, the 
operator is always provided with suffi¬ 

cient brightness, which is not always the 
case in optical types. Remember that all 
pickup tubes have a certain amount of 
inherent gain whereas optical systems, 
as a rule, do not. The electronic type also 
permits the camera operator to know 
exactly what is going out over the cables 
to the control room, since he is able to 
observe loss in detail not only due to any 
optical misadjustment, but also to any 
misadjustment or fault in the electronic 
circuits of the camera. 

1.7 Frequency and It ar elengths 

The velocity of radiant energy (radio 
waves, light waves, etc.) in air is ap¬ 
proximately 186,000 miles per sec. Scien¬ 
tists prefer the metric system of meas¬ 
urement, and 186,000 miles per second 
becomes 300,600,000 meters per sec. 

1 meter = 3.28 ft.. 1 meter = 100 
centimeters 

1 kilometer 1000 meters 
1 centimeter = 1/100 meter 
To convert the frequency of a wave to 

the corresponding wavelength, the fol¬ 
lowing relationships hold: 

300,000,000 
W (wavelength in meters) =-

f ( in cycles 
per sec.) 

300,000 
or W =-

f (in kc) 
300 

or W =-
f (in megacycles) 

In television, the engineer is faced with 
properties of light. Light is of such high 
frequencies that wavelengths are meas¬ 
ured in units known as Angstrom Units: 

Nature of 
Light Waves 

Wavelength Limits 
in Centimeters 

Frequency Limits 
in Megacycles 

Max. Mir. Min. 
! 

Max. 

Infrared 0.1 0.00008 300,000 375,000,000 

Visible 0.00008 0.000038 375,000,000 790,000,000 

Ultra Violet 0.000038 0.0000012 790,000,000 22,500,000,000 

Table 1 4A 

• 9 
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Figure 1.4B. 

1.0 Angstrom = 0.00000001 or 10 8 

centimeters, (cm) 
= 0.0000001 or 10 ; milli¬ 

meters (mm) 
= 0.0001 micron (g) 
= 0.1 Millimicron (m^) 

The visible light spectrum, as meas¬ 
ured in Angstron units covers the range 
of 3800 to 8000 A (.380 to 800 millimi¬ 
crons). In order to get a comparable idea 
of the wavelength and frequency ranges 
of the light spectrum, study Table 1.4 
A. It is observed that the longest vis¬ 
ible wavelength (red) is approximately 
0.00008 centimeters long, corresponding 
to a frequency of 375,000,000 mega¬ 
cycles. The shortest visible wavelength 
(violet) is between 0.000038 and .00004 
cm; a frequency of 790,000,000 mega¬ 
cycles. The convenience of using Ang¬ 
strom units as a measurement of length 
may be seen here, since: 

1 Angstrom unit = 10 8 centimeters 
0.000038 cm. (shortest visible wave¬ 

length) = 3800 Angstrom units and 
0.00008 cm. (longest visible wave¬ 

length) = 8000 Angstrom units. 
A breakdown of the visible light spec¬ 

trum is shown in Fig. 1.4B. 
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1.5 The Scanning Signal 

From the content of section 1.2, the 
reader is aware that a means must be in¬ 
corporated in the pickup head to “pick¬ 
off” the image in the tube point-by-point, 
and relay it to the series of video ampli¬ 
fiers in the form of an electrical impulse 
corresponding to the image at that point. 

The electronic beam from the electron 
gun in the tube is first focused into a 
very narrow beam, then is caused to 
sweep back and forth across the image 
of the mosaic or target at a definite time 
interval and sequence. Such functioning 
of the electron beam is called the scan¬ 
ning process. 

The beam is focused by a magnetic 
“focusing” coil which creates a magnetic 
cross-field narrowing the emitted elec¬ 
trons into an electronic beam of con¬ 
stant diameter. This cross-section of the 
electron beam is termed the scanning 
aperture, probably a carry-over from 
the old days of revolving mechanical 
discs with small holes which traversed 
the projected area of the scene. 

The beam is caused to scan the image 
by horizontal (H) and vertical (V) 
magnetic deflection coils constituting a 
yoke around the neck of the pickup tube. 

The H and V deflecting coils are pro¬ 
vided with saw-tooth current waves 
which deflect the electronic beam electro-
magnetically. 

Before describing the fundamentals of 
the scanning action, it may be well here 
to orient the “directions of scan” to pre¬ 
vent any confusion in the future discus¬ 
sions. It should be recalled that the lens 
system of the camera inverts the image 
on the photosensitive surface of the 
pickup tube ; that is, the picture is upside 
down. Refer now to Fig. 1.5A. If the 
pickup tube is an iconoscope, the “top” 
of the image itself is on the bottom of 
the mosaic. Therefore, if we consider the 
scanning process to sw’eep the mosaic 
from the top left of the picture to the 
lower right (just as you are reading this 
page of print), the scanning beam, as 
shown, must start at the lower left of 
the mosaic. The beam then moves to the 
right until it reaches the edge of the 
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Figure 1.5A. The lens at the camera inverts the image. Therefore, the actual scan at the camera starts 
at lower left bottom, which is actually upper left top of the image. Throughout this text the scan is 
said to start at upper left top, which refers to the picture itself rather than the relative position of 

the scanned area. 

mosaic, then retraces to the left to start 
the next line scan. How this compares 
to the receiver kinescope scan is also 
shown in the Fig. 1.5A. This should 
cause no confusion to the reader, since 
throughout the text when the scanning 
is said to sweep from top left to lower 
right, we are referring to the picture 
itself. There should be no confusion then 
as to why the picture is not transmitted 
“upside down” because of the lens action. 

As will be discussed later in this chap¬ 
ter, when the iconoscope is used in tele¬ 
vising motion picture film, the image is 
projected directly onto the mosaic by the 
projector lens of the film projector. In 
this case, the image is right-side up on 
the mosaic. Direction of scan is easily 
adjusted at the sweep coils by “reversing 
the leads” from the deflection source, ro¬ 
tation of the yoke, or adjustment of di¬ 
rection of sweep currents. This is de¬ 
tailed in Chapter 6. The point to remem¬ 
ber is this: the image is said to be 
scanned from upper left to lower right, 
which means that if you were looking 
directly at the scene in person, you would 
visualize the scene as being scanned 
from upper left to lower right. 

The H and V driving pulses (synchro¬ 
nizing or timing pulses) are generated 
in the control room in a part of the main 
synchronizing generator. They are then 
fed into individual camera control units 
in the video control room, which in turn 
are connected to their respective studio 
cameras via coaxial cables. Fig. 1.5B il¬ 
lustrates a block diagram of the scan¬ 
ning process. The saw-tooth scanning 
waveform generator is generally in the 
studio camera pickup head, and is “trig¬ 
gered” in operation by the driving 
pulses from the studio sync generator. 

The question now arises as to why 
saw-tooth waveforms must be used for 
the deflecting coils instead of sine-waves. 
It should be recalled that a sine-wave 
does not change in amplitude linearly 
with respect to time, i.e., the slope of the 
curve is dependent upon the angle with 
respect to the X (time) axis. This would 
cause the scanning spot (aperture) to 
move across the image with irregular 
velocity, causing irregular brightness 
across the reproduced picture. 

A saw-tooth wave is illustrated in 
Fig. 1.5C. Such a wave increases lin¬ 
early with respect to time (slope of 
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Figure 1.5B. 

curve constant), returns quickly to the 
“X” axis, then the wave is repeated. 
Such a current waveform through the 
H and V deflection coils in the yoke about 
the camera pickup tube will cause the 
scanning spot to move at constant ve¬ 
locity across the scanned surface. 

Fig. 1.5B shows the basic principles 
of the odd-line, interlaced scanning sys¬ 
tem which is standard for modern TV 
broadcasting. Odd-line scanning means 
that the total number of scanned lines 
is an odd number. It may be seen from 
Fig. 1.5B that this method of scanning 
allows the spot to return to the top of 
the surface to start scanning the second 
field at exactly the same height that it 
was when it started scanning the first 
field. Fig. 1.5D illustrates the basics of 
the action of the “H” and “V” sawtooth 
currents on the scanning process. 

Consider now what would happen if 
an even number of lines were scanned. 

12 • 

Fig. 1.5E shows 6 lines of scanning. It 
is noted here that alternate fields must 
be displaced vertically by one-half line 
with respect to each other. Thus the per¬ 
fectly uniform vertical scanning period 
of the odd-line system could not be used, 
and would require more complicated 
scanning and synchronizing circuits. 

The question now arises as to why “in¬ 
terlaced” scanning is used instead of al¬ 
lowing the spot to scan each successive 
line in turn. In the interlaced scan sys¬ 
tem, the scanning spot moves horizon¬ 
tally across alternate lines of the entire 
frame during one downward sweep, then 
returns to the top and scans the remain¬ 
ing lines during the next vertical sweep. 
Each one of these processes is termed a 
field, and two fields constitute one com¬ 
plete frame. The reason for the choice 
of interlacing lies mainly in the fact that 
such a process conserves bandwidth 
without sacrificing freedom from flicker. 
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Figure 1.5C. Saw tooth waveform. 

This will be made clearer if we go back 
to fundamentals of the motion picture. 
When a number of still pictures is 
flashed in rapid succession on the screen, 
the sense of movement is imparted 
when each successive picture is slightly 
displaced in position from the preceding 
one. This uses the ability of the eye to 
retain for a split second the visual im¬ 
pression of a scene after the original 
stimulus is removed. This is termed 
■“persistance of vision.” In the old movies 
(often referred to as “flickers”) the 24 
frames of the film were flashed upon the 
screen in one second. The flicker was 
very noticeable in these early movies. It 
was tnen discovered that if each frame 
was flashed upon the screen twice in¬ 
stead of once, the flicker disappeared. 
Thus, although the frame frequency is 
still actually only 24 per second, the 
picture rate is 48 per second. 

This led to a basic law relating to the 
properties of flickers. The sensation of 
flicker of a reproduced image in motion 
is related to the frequency of illumina¬ 
tion of the entire scene. A close study of 
interlaced scanning reveals that this 
principle is used to reduce the sensation 
of flicker for a given bandwidth of fre¬ 
quencies. If, for example, sequential 
scanning were used, “field” and “frame” 
would be one and the same. Fl ame repe¬ 
tition rates of 30 per second, if scanned 
(illuminated) only once in the frame 
time, produce noticeable flicker. The pic¬ 
ture rate must be 60 per second, and if 
sequential scanning were used, all of the 
scanning lines must be traversed in 1/60 
of a second. In the interlaced system, 
only half of the scanning lines are trav¬ 
ersed in the same period, and the hori¬ 
zontal velocity of the scanning aperture 
is one-half that in the sequential system. 

Thus the signal frequencies making up 
the radiated TV composite waveform 
are reduced by the same factor. 

Interlaced scanning therefore allows 
30 frames per second to be scanned at 
twice this rate. Field frequency of 60 
per second is easily synchronized by the 
60 cycle power lines standard in the 
United States. The total number of lines 
constituting a frame is 525, thus 262.5 
lines are scanned for each field. Since 
there are 30 complete frames per second, 
the number of horizontal lines per sec¬ 
ond is : 

H = 525 X 30 = 15,750 lines per 
second. 

Thus we may set up our standards as 
follows: 

Horizontal Line Frequency = 15,750 
per second. 

Vertical Field Frequency = 60 per 
second. 

Vertical Frame Frequency = 30 per 
second. 

Time of One Complete Line = 
1/15,750 = 63.5 microseconds. 

At the end of each line the aperture 
moves back to the left to start the scan 
of the next alternate line. This time is 
called the retrace or fly-back period. It 

Figure 1.5D. Current in the horizontal (H) de¬ 
flection coil causes the electron beam to deflect 
from left io right, then rapidly retrace as shown. 
The start of the second line will be lower from 
the top of the raster as shown because of the 
saw-tooth current in the vertical (V) coil, which is 
lower in value as shown. The frequency of the 
H trace is 15,750 cps; the frequency of the V 

trace is 60 cps. 

• 13 
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Figure 1.5E. Necessary scanning pattern if “even 
line” interlaced scanning were used. In this case, 
the V2 line difference would necessarily occur 
vertically, complicating the design and adjust¬ 

ment of sweep circuits. 

is very rapid in action, being equivalent 
to the steep slope of the curve of Fig. 
1.5C where it returns to the time axis. 
Within the camera pickup head de¬ 

signed for studio operation, are located 
the H and V sawtooth generators. Such 
waveform generators are of the “driv¬ 
en” type, which means that their opera¬ 
tion is controlled by a synchronizing or 
triggering impulses. By this means, the 
scanning is controlled by the main sync 
generator which must coordinate the en¬ 
tire TV system in relation to time. 

The complete fundamental require¬ 
ments of the scanning system may be 
outlined as follows: the electron in mo¬ 
tion carries with it a minute magnetic 
field existing at right angles to the di¬ 
rection of electron motion. Therefore 
the electron can be influenced by an ex¬ 
ternal magnetic field by the linking 
(either aiding or opposing) of the two 
magnetic fields of force. Thus the entire 
beam of electrons may be caused to de¬ 
flect by magnetic coils carrying a cur¬ 
rent. 

Examine again Fig. 1.5B. The beam 
of electrons from the “electron gun” 
must be caused to travel from left to 
right across the area to be scanned 
(looking toward the picture area). Also 
a sufficient downward slope is provided 
so that the retrace to the left side is 
spaced a width of one line below the pre¬ 
vious one. (See Fig. 1.5D). This process 
of alternate line scanning is carried on 
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at a linear time rate to the bottom of that 
field (262.5 lines), where it is returned to 
the top of the area to start the scan of 
the next field. The “next field’ means 
that the aperture is caused to continue 
its horizontal and downward trace, this 
time falling in the spaces left blank (un¬ 
scanned) on the preceding field scan. At 
the end of this second field (525 lines, 
one frame), the aperture is returned to 
the position at the top of the scanned 
area where the first field started. 

It may now be pointed out that the 
driving pulses supplied to the saw-tooth 
generator circuits are also “blanking” 
pulses. This term should not be confused 
with the blanking (pedestal) signal 
transmitted with the composite video 
signal to operate the receiving tube 
kinescope (described in section on Sync 
Generator to follow). For this reason, 
it is better for the beginner to term the 
camera signals received from the sync 
generator the driving pulses, although 
they are often termed camera blanking 
in technical literature. When the saw 
tooth generator is “blocked” (no driving 
pulse received), the capacitor across 
which the saw tooth wave is formed re¬ 
ceives its long charge interval from the 
B plus supply. This is the “trace” por¬ 
tion of the sawtooth. When the negative 
driving pulse is received, this capacitor 
is rapidly discharged, returning the 
trace (return trace) which occupies con¬ 
siderably less time than the full line 
scan. The same H and V pulses are ap¬ 
plied to a “blanking pulse” generator 
in most cameras, which drive the target 
into the “black” region so that this re¬ 
trace is not visible. The vertical driving 
pulse is broader in width (longer time 
duration) than the horizontal driving 
pulse, since a slightly longer interval is 
required to return the scanning beam 
from the bottom to top of the area. The 
mechanics of scanning and blanking are 
presented in greater detafl in Chapter 2. 

1.6 The Video Preamplifier 

The video signal from the iconoscope 
(in the film camera) or the more sensi¬ 
tive image orthicon (in the studio cam¬ 
era) is of very low level and should pref-
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erably be raised in amplitude before 
transmission via coaxial cable to the con¬ 
trol room units. This is necessary to meet 
maximum signal to noise ratio practice 
in modern TV systems. 

The video preamplifier is located in 
the camera pickup head, and receives 
the signal from the pickup lube load re¬ 
sistor. The voltage at the output of an 
iconoscope tube averages approximately 
0.01 volt. An iconoscope preamp raises 
this level of the video signal to at least 
0.1 volt before transmission to the con¬ 
trol room units. Studio pickup tubes of 
the image orthicon type range in video 
output current from 3 to 30 microam¬ 
peres through a load resistor of 20,000 
ohms. This gives a range of 0.00 to 0.6 
volts of video signal which is coupled to 
the first stage of the preamplifier, allow¬ 
ing excellent signal to noise ratio to be 
achieved in practice. 

A video amplifier is a resistance-ca¬ 
pacity (RC) coupled amplifier similar to 
the type employed in regular high fidel¬ 
ity audio circuits. The major difference 
in the video circuit is the greatly ex¬ 
tended band of frequencies it must am¬ 
plify. This range must include frequen¬ 
cies from 20 cps to at least 5 megacycles 
for adequate band amplification in the 
TV system. 

Due to shunt wiring capacities, and 
dynamic input and output capacitances 
of tubes, special high frequency com¬ 
pensating networks must be used for 
higher efficiency of amplification at high 
frequencies. In the design of such am¬ 
plifiers, vacuum tubes of low interelec¬ 
trode capacitances are specified, usually 
of the pentode type. In construction, ex¬ 
treme care is exercised in circuit wiring 
and layout. 

The compensating networks use what 
is known as a “peaking coil.’’ The cir¬ 
cuit is one of three designs : series-peak¬ 
ing, shunt-peaking, or a combination 
shunt-series peaking arrangement. 
These are discussed in Chapter 2. 

The output of the video preamp is a 
cathode-follow er circuit which feeds the 
coaxial line to the camera control unit 
in the control room. In fact, nearly all 
coupling in the video amplifier chain is 

accomplished by the cathode follower. 
The need for such type of output circuits 
is dictated by the nature of the video 
pass band of frequencies. The output 
of the conventional plate-loaded ampli¬ 
fier stage is of a fairly high impedance. 
Since coupling must be made by coaxial 
cables in TV systems for efficient trans¬ 
fer of energy, the high impedance must 
be transformed to a low value practical 
for coaxial line construction. Construc¬ 
tion of a transformer having bandpass 
characteristics well over 4 megacycles 
broad is highly impractical. Thus the 
use of the cathode-follower type of out¬ 
put circuit is mandatory. 

Fig. 1.6A illustrates the basic circuit 
of a cathode follower. The “follower” 
term springs from the fact that the 
video voltage in the cathode resistor Rk 

“follows” the grid input voltage in Rg 

and is therefore of the same polarity. 
The output impedance is low, conveni¬ 
ently matching a coaxial cable imped¬ 
ance, (RTMA standard 75 ohm), while 
maintaining a high input impedance to 
the stage. This system has wide band¬ 
pass characteristics with negligible fre¬ 
quency and phase distortion. The gain 
of this type of circuit however, is less 
than unity. 

Video amplifiers may be generalized 
as follows: 

1. Tubes of high values of transcon¬ 
ductance are used, with low input and 
output capacitances. 

2. The plate load impedance is of rela¬ 
tively low value (compared to orthodox 
audio amplifiers) to achieve flat response 
over a broad band, known as the pass¬ 
band. The passband should be at least 

Figure 1.6A. Basic cathode-follower type output 
circuit of video preamp. 
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20 cps to well over 4 megacycles per 
second. 

3. High frequency compensation is 
used in the form of series, shunt, or com¬ 
bination series-shunt peaking circuits. 
4. Low frequency compensation is 

used in the form of an RC network. 
5. Electrolytic bypass capacitors in 

video amplifiers are commonly shunted 
with a small paper or mica capicator. 
The operator should realize that electro¬ 
lytics tend to become inductive at higher 
frequencies in the passbands. The small 
capacitor bypasses this effective induct¬ 
ance. 

6. The output stage which couples to 
the coaxial transmission line for distri¬ 
bution is generally of the cathode-fol¬ 
lower type. 

7. Good low frequency response is im¬ 
portant in resolving the general back¬ 
ground or “vertical” contrast, since field 
and frame frequencies constitute the 
lower frequencies in the passband. Loss 
of low frequency response is apparent 
when large portions of the picture of 
the same relative brightness (or dark¬ 
ness) tend to become gradually 
“shaded.” This will also result in bright 
streaks along the trailing edges of a 
large, dark object. 

8. Good high frequency response is 
important for good resolution of fine de¬ 
tails in the horizontal line structure of 
the picture, since the higher frequencies 
in the pass band are functions of mul¬ 
tiples of the line frequency. (15,750 cps, 
or 63.5 microseconds for each line.) Loss 
of the higher frequencies results in less 
detail of fine lines in small elements of 
the picture. 

1.7 The Camera Control and 
Monitor Unit 

The output of the camera pre-ampli¬ 
fier located in the camera pickup head 
is connected by coaxial cable to an in¬ 
dividual camera control unit in the con¬ 
trol room. Fig. 1.7A illustrates one type 
of arrangement using four camera con¬ 
trol units to accommodate four studio 
cameras. The fifth unit to the far right 
is the mixer control unit described in 
section 1.8 to follow. One of the units in 
the illustration could be a film camera 
control and one an “on-the-air” monitor. 
In this case, the setup would accommo¬ 
date two studio cameras and a film or 
slide camera. The camera control units 
illustrated each incorporate a ten inch 
picture monitor with a five inch wave¬ 
form monitor below. Portable types of 

16 • 
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camera control units generally use a 7 
iach picture monitor and 3 inch wave¬ 
form monitor. Such equipment is used 
often in regular TV studio operation, 
particularly in the smaller stations. 

The picture monitor shows the picture 
output of the camera. A control ampli¬ 
fier chassis in the lower compartment of 
each unit contains the intermediate 
video amplifier, with facilities for mix¬ 
ing in the kinescope blanking (pedestal) 
signals from the studio synchronizing 
generator. The sync pulses may also be 
inserted here when only one. camera is 
used and no switching is necessary. 
When more than one camera or signal 
source is involved, requiring mixing or 
switching, the sync pulses are inserted 
after the switching amplifier. The rea¬ 
sons for this are discussed more fully in 
other sections. 

Controls on a camera control and 
monitor unit enable the studio operator 
to control the camera tube beam cur¬ 
rent, target voltage, image focus and 
orthicon focus. Details of such controls 
are fully covered in Chapter 3. 

On the monitor panel are located ad¬ 
justments for the kinescope focus and 
brightness (this applies to the monitor¬ 
ing kinescope, or picture monitor), an 
oscilloscope (waveform monitor) focus 
and brightness, and a switch to accom¬ 
modate monitoring either the line wave¬ 
form (horizontal), or field waveform 
(vertical) on the oscilloscope tube. 
Knobs on the same panel facilitate ad¬ 
justment of the video gain and blanking 
(pedestal) amplitude. Constant bright¬ 
ness level is maintained by the operator 
through observing and correcting the 
video- waveform on the oscilloscope in 
conjunction with the picture monitor. 

Electrical connections to a camera 
control unit are made by means of co¬ 
axial line plug-in connectors. These con¬ 
nections supply the signal from the cam¬ 
era, blanking and driving pulses from 
the sync generator, driving pulses to 
the camera, picture output, signal from 
the video amplifier, and power from the 
regulated power supplies. 

The camera control operator is seated 
directly in front of the control consoles, 

and usua’ly handles two such control 
units. If, for example, four video sources 
are being used, two operators are usu¬ 
ally required for the four control units. 
Only one of the signals will ordinarily 
be “on the air” at one time (except when 
“lap dissolves” are employed), the other 
units showing the preview of what may 
be required at any instant by the script 
of the show. The operator has complete 
control of the electrical characteristics 
such as electrical focus, level of bright¬ 
ness and degree of contrast. 

1.8 Mixer Amplifier and Monitor Unit 

The outputs of the camera control 
units are fed to the mixer amplifier po¬ 
sition where the video switching and fad¬ 
ing facilities are concentrated. It is here 
that the particular camera output de¬ 
sired to be transmitted is selected. 

The switching console is installed 
either alongside the camera control units 
as in Fig. 1.7A, or somewhere in visual 
range of the monitors, so that the switch¬ 
ing operator may observe the camera out¬ 
puts before they are actually switched to 
the program line. 
The RCA Type TS-10A (extreme 

right Fig. 1.7A) selects any signal from 
six input circuits, switches or fades any 
desired signal into the program line, 
superimposes any two signals, or “lap 
dissolves” between any two signals. 

In the lower cabinet section the high 
level video amplifier is housed. The syn¬ 
chronizing signals are often inserted at 
the output side of the amplifier. Sync 
(to be transmitted with the composite 
video signal) is never added before the 
switching circuits, since momentary 
switching operations would allow the re¬ 
ceiver to “lose sync” momentarily by 
the same operation. 

The monitor picture tube (kinescope) 
is fed by means of a switching circuit 
which enables the operator to observe 
either of two remote signals (such as 
network or relay pickups) for preview, 
or to monitor the signal being sent to 
the program line which feeds either the 
master control or transmitter. The very 
necessary “intercom” switching system 
is also usually incorporated in this unit. 
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Figure 1.9A. Basic schematic of regulated power supply. 

This permits the technical director and 
program director to converse with all 
cameramen, microphone boom operators 
and production personnel. 

1.9 Power Supplies 

Power supplies for the sync generator, 
switcher amplifiers, and camera control 
units are all of the regulated type, with 
excellent voltage regulation character¬ 
istics. 

The primary requirement of all such 
supplies is that sufficient voltage be 
available to allow losses in the regulat¬ 
ing section of the supply, which may be 
held under close automatic control. Such 
an arrangement draws upon the “re¬ 
serve” voltage when the supply voltage 
tends to lower, and permits greater 
“loss” in the regulatory circuits when 
the voltage tends to rise. 

The basic type of hookup of a low-
voltage regulated supply is illustrated in 
Fig. 1.9A. Such a supply is very sensi¬ 
tive electronically to very low variations 
in AC line voltage. The VR gaseous type 
tube, since it maintains a steady volt-
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age drop across it, stabilizes the cathode 
of the pentode tube at a specified volt¬ 
age. The value of Rs is adjusted so that 
the pentode grid is negative to the cath¬ 
ode. Thus under stable conditions, a con¬ 
stant current flows through the pentode 
and R, which results in a negative grid 
bias on the series triode tube. Triodes 
are invariably used in this position to 
provide extremely low internal resist¬ 
ance. In most commercial supplies, four 
to six triodes are used in parallel to ade¬ 
quately carry the load current. 

A rise in AC line voltage, resulting in 
higher DC rectifier voltage, causes more 
current to flow in R2 and R3, with less 
consequent negative grid bias on the 
pentode tube. Thus greater current flows 
through the pentode and its series re¬ 
sistor R,, increasing the bias on the tri¬ 
ode grid. The greater internal resistance 
(which is in effect, in series with the 
load) absorbs the increased voltage from 
the rectifier maintaining the normal 
voltage applied to the load. 

A decrease in line voltage with conse¬ 
quent decrease of rectifier voltage, re-
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duces the internal resistance of the tri¬ 
ode since the action is reversed from that 
described above. Thus it is seen that the 
triode tube electronically controls the 
voltage applied across the load. 

In practice, the low voltage regulated 
supplies usually provide means of vary¬ 
ing the voltage output over a usable 
range likely to be needed. For example, 
the RCA Type 580-C has an adjustable 
output between 260 and 295 volts, with 
variations of less than 0.25 volts from 
minimum to maximum load. A switch is 
provided for switching from a load 
range of 50-80 MA, and 80-400 MA. 

¡.ID The Synchronizing Generator 

The synchronizing generator supplies 
the control pulses and sync pulses which 
co-ordinate the receiver with the trans¬ 
mitter and makes the entire TV system 
workable. 

Such a generator must supply pulses 
that are precisely timed with relation 
to each other and accurately controlled 
as to wave form. Five output signals 
that are normally supplied by the sync 
generator are as follows: 

1. Horizontal Driving Signal. Square 
wave pulses of short duration at 15,750 
cps (horizontal scanning frequency) 
used to “trigger” the horizontal saw 
tooth generator in the camera. (Section 
1.5.) Thus this control pulse is fed to 
the pickup head, and is not a part of the 
transmitted signal. 
2. Vertical Driving Signal. Square 

wave pulses of somewhat longer dura¬ 
tion than above, at 60 cps (vertical scan¬ 
ning frequency) used to trigger the ver¬ 
tical saw tooth generator in the camera. 
(Section 1.5). These pulses are fed to 
the pickup head, and are not a part of 
the transmitted signal. 
3. Kinescope Blanking Signals. Square 

wave pulses at (a) horizontal scanning 
frequency (15,750 cps) and (b) vertical 
scan frequency (60 cps), added to the 
transmitted video signal for the purpose 
of blanking out the respective return 
traces in the receiver picture tube (kine¬ 
scope). The blanking signal is often re¬ 
ferred to as the pedestal, upon which the 
synchronizing signal (see below) is 

placed. These signals form a part of the 
composite transmitted signal. 

4. Synchronizing Signals. These sig¬ 
nals, also, must be added to the trans¬ 
mitted composite signal, in order to syn¬ 
chronize the scanning action in the re¬ 
ceiver with that at the camera. The sync 
signal is, in itself, a composite signal 
consisting of (a) horizontal sync pulses 
of short duration (15,750 cps), and (b) 
longer duration vertical sync pulses (60 
cps) which are “serrated” in form, and 
(c) a series of six “equalizing” pulses 
of short duration preceding and succeed¬ 
ing each vertical pulse interval. (a) and 
(b) above are placed upon their respec¬ 
tive H and V pedestals, and (c) is trans¬ 
mitted just before and following the V 
serrated pulses. 

5. Oscilloscope Driving Signal. Sig¬ 
nals consisting of pulses at one-half 
the horizontal frequency (7875 cps) and 
one-half the vertical frequency (30 cps), 
used to trigger their respective saw 
tooth generators in the monitoring oscil¬ 
loscopes which provide “wave-form” 
monitoring (Section L7). Since these 
signals are one-half the line and frame 
frequency respectively, the oscilloscope 
patterns are two lines or two fields in 
length. This will be expanded more fully 
in Chapter Three. These signals are 
not transmitted with the composite video 
signal. 

Fig. 1.10A illustrates the line wave¬ 
form detail. The line w’aveform in this 
figure is drawn so tirât “black level” is 
on top and “reference white” is on bot¬ 
tom. It should be remembered by the 
reader, however, that a phase reversal 
takes place from input to output of each 
video stage. In practice, therefore, the 
line waveform polarity on the waveform 
monitoring oscilloscope will depend upon 
the stage in which the device is coupled. 

Drawing (a) of Fig. 1.10A illustrates 
the varying signal output as the scan¬ 
ning aperture sweeps across one line of 
the picture. Drawing (b) is the condition 
existing when the horizontal driving 
pulse from the syne generator fires the 
rapid discharge of the sawtooth genera¬ 
tor in the pickup head which thereby 
“retraces” the scanning beam. This 
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Figure 1.10A. Horizontal line detail. 

takes place at the end of each horizontal 
line, and is the “camera blanking” in¬ 
terval. When image orthicon pickup 
tubes are used the output signal goes to 
black level, as shown, by action of the 
blanking generator in the camera “fired” 
at the same time as scanning retrace. 

It is at this time that the receiving 
kinescope must be simultaneously 
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“blanked” so that retrace lines of the 
receiver tube will not be visible in the 
form of spurious signals containing no 
picture information. It is here, there¬ 
fore, that the “kinescope blanking sig¬ 
nal,” drawing (c), is supplied to the 
transmitted signal. The resultant com¬ 
bination is shown in drawing (d), and 
the next alternate line is being scanned 
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after the blanking interval. It is seen 
that a “pedestal” takes place at the end 
of each horizontal line. 

Upon the pedestal is constructed the 
sync signal, drawing (e), which estab¬ 
lishes the return sweep of the kinescope 
scanning beam at the end of each hori¬ 
zontal scan. As shown, all control pulses 
are in the “blacker-than-black” region. 
This region constitutes approximately 
25% of the composite video signal, and 
is the amplitude which is greater than 
the peaks of the blanking signal. 

Fig. 1.10B illustrates the basic verti¬ 
cal waveform of the TV signal. At the 
end of the last active horizontal line in 
a field, a long-duration vertical blank¬ 
ing pulse is applied during the time that 
the scanning aperture is being returned 
to the top of the picture to start the next 
field scan. Upon the vertical blanking 
pulse (vertical pedestal) are constructed 
the various pulses illustrated in the 
drawing. 

The vertical blanking pulse blanks the 
scan aperture for a minimum of three 
horizontal lines before the vertical re¬ 
trace is started at the bottom of the pic¬ 
ture and retains cut-off for a minimum 
of thirteen horizontal scans. It is during 
this interval that the scan beam is re¬ 
turned to the top to start the succeeding 
field. 

Duration of pulses in the TV system 
is related to a symbol “H” to show rela¬ 
tive duration of all pulses Involved. Pres¬ 
ent standards establish a 525 lines per 
frame, 30 frames per second system. 
Each horizontal blanking pulse trans¬ 
mitted has a duration established as H 
= 0.18 maximum. The frequency of 1 H 
is: 

525 X 30 — 15,750 cps. 
1 

and 1 H -= 63.5 micro-seconds. 
15,750 

Therefore the duration of H blanking = 
63.5 X 0.18 or 11.43 micro-seconds. All 
durations are related to t H, which de¬ 
notes the interval between successive 
scanning lines from the leading edge of 
one horizontal sync pulse to the leading 
edge of the next pulse. 

Table 1.10C shows the relative dura¬ 
tions of all pulses shown in Figs. 1.10A 
and 1.10B. 

The purpose of the equalizing pulses 
will be taken up first. As shown in sec¬ 
tion 1.5, TV standards specify interlaced 
scanning, and the number of lines mak¬ 
ing up each field is a whole number plus 
a half, or 262 12 lines. The complete defi¬ 
nition of such a system is two-to-one odd 
line interlaced scanning. Only those lines 
concerned with actual picture informa¬ 
tion are “active” lines. The retrace pe¬ 
riods are “inactive” lines that do not 

LAST HORIZONTAL 
LINE PICTURE 
SIGNAL 

FIRST HORIZONTAL 
LINE PICTURE 
SIGNAL 

i i ! 

BLANKING SIGNAL VERTICAL 

EQUALIZING 
PULSES 

VERTICAL 
SYNC 

PULSES 

EQUALIZING 

PULSES 
HORIZONTAL 

SYNC 
PULSES 

"H " BLANKING 
PULSE 

VERTICAL BLANKING PULSE 
(VERTICAL PEDESTAL) 

Figure 1.10B. Vertical detail. Showing the control pulses constructed upon the vertical blanking 
(pedestal) signal. 
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IDENTITY OF PULSE 
Frequency in 

pulses per second 
<PPd 

Duration at 
base (H) 

Duration in 
Microseconds 

Horizontal Blanking 
Horizontal Sync 
Equalizing 
Vertical Serrations 
Vertical Sync 
Vertical Blanking 

1 5,750 
15,750 
31,500 
31,500 
31,500 

60 

0.18 
0.08 
0.04 
0.07 
0.43 

1 3.1 (min.) 
21.0 (max.) 

1 1.43 
5.08 
2.54 
4.44 

27.3 
833.4 (min.) 

1333.3 (max.) 

1 H is the duration of one horizontal line, or 63.5 microseconds. Since the ho-izontal blanking 
pulse is 0.1 8H, or 1 1.43 microseconds, the duration of an active line (containing picture in¬ 
formation useful in reproduction) is 63.5 minus 11.43 or approximately 52.1 microseconds. 
It should also be observed that the vertical blanking is from 13.1 to 21 H, therefore occurs 
during 13 to 21 horizontal line scans. 

Table 1.10C 

contain picture information. The 525 
lines making up a complete frame con¬ 
tain both the active and inactive lines. It 
is recalled from section 1.5 that the cam¬ 
era scanning signal is blanked for each 
horizontal (line) retrace and for each 
vertical (field) retrace, which comprise 
the inactive lines. The receiver scan must 
also be blanked during these periods and 
sync pulse transmitted which is our con¬ 
cern at the present. When the scanning 
beam is returned from bottom to top of 
the raster of the kinescope, the lines of 
this field must fall directly between the 
lines of the preceding field. Otherwise 
the lines would “crowd” each other pro¬ 
ducing what is known as the pairing ef¬ 
fect. 

Since there is always a difference of 
one-half line between successive fields, 
some means must be provided to ensure 
that the vertical sync pulse will occur at 
exactly the same instant at the con¬ 
clusion of each field and at the same level. 
This is the purpose of the equalizing 
pulses. 

To better understand their function, it 
is necessary to look briefly into receiver 
circuit action. A “differentiating” cir¬ 
cuit is used in the receiver to respond to 
the higher frequency components of the 
control pulses, and therefore selects the 
horizontal (15,750 cps) frequency to con¬ 
trol the horizontal sweep oscillator. An 
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“integrating” circuit, responding to the 
lower frequency control pulses, selects 
the vertical (60 cps) pulses to control 
the vertical sweep oscillator. This is il¬ 
lustrated in Fig. 1.10D. 

The basic action of this part of the TV 
receiver will now be described so as to 
reveal the necessity of equalizing pulses. 
Sync of H sweep for the receiver is ob¬ 
tained across Rt in the aifferentiating cir¬ 
cuit from the leading edges of the trans¬ 
mitted H sync pulses. The time constant 
of R, C, is made short in ratio to the 
duration of the H sync pulses, and ca¬ 
pacitor C, therefore charges very rapidly 
when the pulse voltage is applied. The 
voltage across Ri also rises rapidly at 
this time toward the maximum ampli¬ 
tude of the H pulse. Since the capacitor 
charges very rapidly it quickly reaches 
the peak charge and the charging cur¬ 
rent falls to zero, hence the voltage 
across the resistor also quickly falls to 
zero. This maximum charge upon C, cor¬ 
responds to minimum voltage across Ri, 
and when the capacitor discharges 
through the resistance upon removal of 
the H pulse, a voltage of opposite polar¬ 
ity is built up through R,. The resulting 
voltage curve across the resistance is 
shown in Fig. 1.10D. This spiked voltage 
is used to drive the horizontal sweep 
multivibrator for the picture tube. 
The integrating circuit R: C: has a 
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time constant very long in ratio to the 
serrated V pulses of Fig. 1.10B. There¬ 
fore the integrating capacitor will be¬ 
come charged only in steps during the V 
pulses, losing a slight amount of charge 
as shown in Fig. 1.10D during the inter¬ 
vals caused by the serrations. Thus dur¬ 
ing the block of vertical sync pulses, an 
appreciable charge is built up across C=. 
Since this action is occurring during the 
V retrace period, this charge upon the 
capacitor is built up in six steps (cor¬ 
responding to the six serrated V sync 
pulses) at a rate of 60 times per second, 
or the field frequency. When the inte¬ 
grai ing capacitor reaches the proper po¬ 
tential, it is sufficient to trigger the V 
sweep oscillator in the receiver. 
It may now be seen that some means 

must be provided so that the V sweep 
oscillator is fired at the same instant and 
at the same amplitude at the conclusion 
of each field. Should the V sweep be in¬ 
stigated a fraction of a second earlier or 
later al the end of each field than it is at 
the end of each frame, the interlacing 

effect would be destroyed. The phenom¬ 
ena of unevenly spaced lines is known as 
pairing, and results in an inferior pic¬ 
ture with poor resolution. The equaliz¬ 
ing pulses provide this means. Assume 
for the present that the field retrace (re¬ 
trace starting from the first field of the 
complete frame) must start from the 
lower right-hand corner. If this occurs 
then the frame retrace (retrace starting 
from the second field) must start from 
the bottom center, due to the half-line 
difference. Just before the start of the 
field retrace, the integrating capacitor 
C2 is affected by a full line interim dur¬ 
ing which it is still discharging from its 
previous charge, whereas just before the 
frame retrace an interim of only a half¬ 
line occurs. This means that the V sync 
pulses for the frame retrace would start 
charging the capacitor C2 at a slightly 
higher level than occurred for the field 
retrace. This of course would cause the 
V sweep oscillator to be triggered at a 
slightly quicker time than on the previ¬ 
ous field retrace. 

INTEGRATING CIRCUIT 

R, Ci comprises a high-pass filler responsive to the horizontal sync pulses (15,750 pps). 
(Differentiator). 

R.- C2 comprises a low-pass filter responsive to the vertical sync pulses (60 pps). (In¬ 
tegrator). 
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"H" DRIVE OUT -, 
TO CAMERA 

F CHAIN 

* V • DRIVE OUT J 

KINESCOPE BLANKING OUT 

(TO COMPOSITE TRANSMITTED 
SIGNAL) 

SYNC PULSES OUT 

Figure 1.10E. Simplified block diagram of typical sync generator. 

The inserted equalizing pulses prevent 
this uneven timing for firing the V sweep 
oscillators in the receiver by the follow¬ 
ing action: their short duration, long 
spaced intervals just prior to the V sync 
pulses (which are of long duration and 
short spaced) permits only a short charge 
time but a long discharge time for C2. Any 
residual charge over a given value on 
the capacitor will be drained off during 
this first train of equalizing pulses. Thus 
at the time the V sync pulses arrive, the 
capacitor is brought to a certain prede¬ 
termined level of charge at which the 
V sync pulses may begin their charging 
action. After the V sync pulses have 
triggered the sweep oscillator, another 
train of equalizing pulses allow the inte¬ 
grator capacitor to discharge to a prede¬ 
termined value before the start of the 
following H scanning intervals. Thus the 
pulses are said to “equalize” the two sets 
of alternate fields, hence the name equal¬ 
izer pulses. 

It is noted from Fig. 1.10B that the 
vertical sync pulse is actually made up 
of six “serrations.” This is necessary 
since during the comparatively long ver¬ 
tical sync pulse interval, the receiver 
horizontal sweep oscillator must be 
maintained constant in synchronization. 
Therefore the vertical sync pulse is “ser-
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rated” at a frequency equal to a half¬ 
line (twice line frequency or 31,500 cps), 
and in a manner such that the vertical 
pulse wavefront has a slope equal to the 
rise of a horizontal pulse. Thus in Fig. 
1.10D, it may be seen that the differ¬ 
entiating circuit driving the horizontal 
sweep oscillator will continue to remain 
in sync horizontally, since every other 
vertical serration fires the horizontal 
sweep oscillator (Detailed in Chapter 3). 

The synchronizing generator consists 
of three basic units; the regulated vol¬ 
tage supply, the pulse former (timer) 
and the pulse shaper. This is illustrated 
in the simplified block diagram of Fig. 
1.10E. 

This part of the TV system is a highly 
complex, precision instrument as to tim¬ 
ing of operation and exactness of wave 
shapes. Only the basic function is de¬ 
scribed here. Details of theory and com¬ 
mercial equipment are given in Chap¬ 
ter 3. 

The pulse-former, or timer section, 
starts with a master oscillator of 31,500 
cps from which all timing pulses are de¬ 
rived. The equalizing pulse frequency 
is 31,500 cps, the horizontal pulse fre¬ 
quency is 15,750 cps (one-half of 31,500) 
and the field frequency is 00 cps (derived 
from a frequency dividing chain which 
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effectively divides the 31,500 cps master 
oscillator frequency by 525). These vari¬ 
ous timing frequencies are fed into the 
pulse shaping unit. 

The pulse-shaping unit must mix these 
pulses into the desired pattern, and form 
the resultant patterns into a precise 
waveshape. That is, they must be broad¬ 
ened or narrowed (for example, the cam¬ 
era driving or blanking pulse is slightly 
narrower than the kinescope blanking 
pedestal) and the leading edges must be 
advanced or retarded to comply with the 
standard RTMA specifications. 

The exact integral relationships upon 
which the TV system is based may now 
be seen. A typical sync generator will 
use four counting circuits, each circuit 
having a characteristic response count 
such as 7, 5, 5, and 3 respectively. The 
combined product of 7 x 5 x 5 x 3 is 525, 
which is the number of lines (total of 
active and inactive lines) per frame. The 
product of the number of lines (525) and 
the field frequency (60) is 31,500, or the 
frequency of the master oscillator. A 
fifth counter circuit, dividing the master 
oscillator frequency by 2, yields the re¬ 
quired line scanning frequency of 15,750 
cps. Such a system is easily synchronized 
with the 60 cps power line which is stand¬ 
ard in the United States. 

The outputs of the sync generator usu¬ 
ally feed into a “pulse-distribution” 
panel which routes the various pulses to 
the camera chain, main channel ampli¬ 
fier, etc. 
The sync generator is analyzed in 

greater detail in Chapter 3. 

1.11 Telecasting Motion Picture Film 

The use of film in TV programming 
may be compared to the use of transcrip¬ 
tions and recordings in AM-FM stations. 
Considerable percentage of broadcast 
time is occupied by film programs in TV 
schedules. Equipment closely allied to 
filming is that which enables “slides” to 
be used, such as station identification 
cards, test patterns, commercial slides, 
etc. 

Two sizes of motion picture film, the 
35 MM and 16 MM, are popular for TV 
use. The 35 MM is the size normally 

used in motion picture houses. The 16 
MM is popular for home use as is the 
8 MM. The latter size is not practical 
for use in TV systems at the present 
stage of development. 

The TV film projector itself is very 
similar to that used for theater projec¬ 
tion, the basic difference being in the 
lens system and the means used to cor¬ 
relate the frame rate of 24 per second to 
the TV standards of 30 per second. The 
projection lens focuses the image upon 
the pickup tube in a second unit known 
as the film camera. The RCA Film Pro¬ 
jector and Film Camera are illustrated 
in the photo of Fig. 1.11A. 

There are two basic functions of any 
film projector. One is to project the 
image upon a screen or pickup tube. The 
other is to convert the lines of the sound 
track to corresponding audio signals for 
the aural system of the camera chain. 

Standard motion picture frames are 
projected at a rate of 24 per second, and 
interrupted by shutter action to flash 
each frame twice upon the screen, result¬ 
ing in 48 separate projected images per 
second. (Section 1.5.) Since the standard 
TV system in the United States is 30 
frames and 60 fields per second (Sections 
1.5 and 1.10) some means must be used 
to reconcile the difference in repetition 
rates. 
The underlying problem here is that 

the illumination of the film must be 
timed to synchronize with the TV sync 
generator. There are two general 
methods in use: 

a. mechanical rotating shutter which 
interrupts the continuous light sources 
of the projection lamp; and 

b. illumination of the film from a light 
source pulsed in time by the sync gen¬ 
erator. 

Before going further, it is helpful to 
compare the function of the shutter in a 
standard motion picture projector with 
TV system function. The projector shut¬ 
ter serves to blank out the picture dur¬ 
ing the “pulldown time” of the film. In 
other words it should be realized that the 
image portion of a film is not rolled 
steadily over the aperture, but is pulled 
down a single frame at a time by a 
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Figure 1.11 A. TP-16A film projector and TK-20A film camera. Courtesy RCA. 

sprocket arrangement at one frame each 
1/24 second. This corresponds to the ver¬ 
tical blanking signal in the TV system 
during retrace. The projector shutter 
also is arranged to project two flashes of 
the same image (frame) to eliminate the 
flicker effect. This corresponds to the 
interlaced 30 frames, or 60 fields per 
second (Sec. 1.5), of the TV system. 

It now remains to make the two sys¬ 
tems compatible for TV transmission. 
Therefore, instead of flashing each 
frame twice which results in 48 projected 
images per second, one frame is flashed 
on the pickup tube twice, the next frame 
is flashed 3 times, the next twice, the 
next three times, etc. This is known as 
the 2-3-2-3 scanning sequence for TV 
motion picture telecasting. The average 
rate of scanning per frame is therefore 
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2% times. Since the 24 frames per sec¬ 
ond are scanned an average of 2% times, 

24 X 2.5 = 60 scanned fields per sec¬ 
ond. 

Thus the 24 frame repetition rate of 
the motion picture projector is converted 
to the 30 frame standard TV require¬ 
ment. 

This is only a part of the problem, 
however, of telecasting motion picture 
film. The vertical scanning time of an 
inerlaced frame (a field) occupies from 
92% to 95% of the total field period. The 
vertical blanking time is about 833% 
microseconds (section 1.10) or 5% to 
8% of the total field interval. Thus, if 
the film where projected onto the pickup 
tube during the scanning period, the 
“pull down” of the film would necessarily 
have to occur during the vertical blank-
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ing period. Such rapid accelerations of 
a sprocket hole pull-down system is im¬ 
practical for a film projector (especially 
true of the 35 MM type), and some other 
method of scanning must be used. There¬ 
fore, in practice, the scanning period is 
just reversed for film telecasting from 
that of “live” programs. The film frame 
is projected onto the pickup tube with 
high intensity illumination only during 
the vertical blanking period. This means 
that neither the pickup tube or the re¬ 
ceiver kinescope is being scanned when 
the film frame is projected onto the film 
camera. The projecter light is then cut 
off either by a mechanical shutter or 
strobolite, and the camera pickup tube 
is scanned in the absence of any pro¬ 
jected image from the film. This leaves 
the much longer scanning period of the 
TV system in which the pull down time 
occurs for the film projector. 

This method, of course, must utilize a 
“storage type” pickup tube. (Iconoscope 
or Image Orthicon). The short, high in¬ 
tensity, burst of light through the film 
frame results in a corresponding charge 
placed upon the mosaic of the iconoscope. 

Then, while the projector light is cut off, 
the mosaic is scanned and the resultant 
signal is amplified. There is now ample 
time for the film pull-down without ex¬ 
cessive acceleration before the next 
burst of light. 

The vertical blanking pulse occurs 
every 1/COth of a second. It takes the 
scanning aperture approximately 
l/750th of a second to return to the top 
from the bottom of the raster. There¬ 
fore the burst of light must be somewhat 
less than l/750th of a second. In prac¬ 
tice, this flash of light is made l/1200th 
of a second. Thus we may see that the 
film picture is flashed on the mosaic of 
the pickup tube for only l/1200th sec¬ 
ond every l/60th of a second. 

It is well for the beginner to review 
this section as many times as necessary 
to gain a mental picture of the funda¬ 
mentals involved. The subject is elabo¬ 
rated in Chapter 3. 

1.12 TV Linking Facilities 

Wide band linking facilities are nec¬ 
essary for relaying TV signals from re¬ 
mote points to studio, studio-to-studio 

Figure 1.12A. Courtesy WLW-D, Dayton, Ohio. 
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(network) and studio to transmitter. 
Such relay is accomplished either by co¬ 
axial cable or microwave radio-fre¬ 
quency transmitter-receiver equipment. 

Three types of radio-frequency TV 
auxiliary stations are defined as follows : 

1. Television Pickup Station. A mo¬ 
bile station for TV broadcast licensed 
for transmission (audio and video) of 
temporary types of programs such as 
football, spot news events, etc. where 
coaxial cable service is not practical. 

2. Television Intercity Relay Station. 
A fixed TV station owned either by TV 
broadcast station licensees or by Ameri¬ 
can Telephone and Telegraph Company 
to relay TV programs from one station 
to others as for network broadcasting. 

3. Television STL (studio-to-trans-
mitter link) station. A fixed TV station 
for transmission of program to trans¬ 
mitter location from studio location. 

Radio-frequency relay links are, of 
course, the logical choice for pickup of 
such remote-control events as baseball 
and football, where coaxial cable instal¬ 
lation for such intermittent and tempo¬ 
rary purposes are economically imprac¬ 
tical. Fig. 1.12A illustrates the method 
used at WLW-D for relaying baseball 
telecasts from Hudson Field in Dayton, 
Ohio. The cameras are placed atop the 
grandstand, and relayed to the remote 
bus located just outside the stadium wall 
by coaxial cable. Inside the bus are the 
power supplies, sync generator, camera 
and mixer controls, and “on-air” monitor, 
all portable type equipment. The output 
line amplifier is connected to the RF re¬ 
lay transmitter, which is also atop the 
grandstand, by coaxial cable. The trans¬ 
mitter is contained in the cylindrical 
housing attached to the rear of the para¬ 
bolic reflector. The microwaves antenna 
is pointed toward the transmitter site in 
this instance, where line-of-sight trans¬ 
mission may be obtained to the receiver 
reflector at the transmitter building. The 
signal from the receiver is then again 
amplified and fed to the main trans¬ 
mitter. 
The terminal equipment for an RF 

microwave relay receiver is usually a 
unit known as a stabilizing amplifier. Its 
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Figure 1.1 2B. One of the 35 stations on the New 
York-Chicago radio relay route. This station, lo¬ 
cated in Indiana, is 190 feet high. Courtesy 

A. T. & T. 

main purpose is to correct faulty video 
signals from field pickup equipment and 
transmission characteristics such as 
noise, switching surges, improper sync-
to-signal ratio, etc. Such a unit includes 
circuits for separating sync signals, 
w’ave shapers, sync insertion circuits and 
video amplifiers. 
The radio relay system now in use 

across the country for TV networks 
interconnection also uses microwave RF 
links for part of the service. Such relay 
stations are spaced on an average of 30 
miles from each other, depending upon 
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the terrain. At microwave frequencies, 
line-of-sight propagation must be main¬ 
tained for satisfactory service. Such fre¬ 
quencies are focused into a beam much 
the same way that light is focused into 
a beam in a searchlight. Because of the 
tremendous gain of such transmitting 
and receiving antennas, “flea power” in 
order of ’á watt is all that is necessary 
for transmitter output power. 

One such installation, as used by the 
A.T. & T. on the New York-Chicago ra¬ 
dio relay route, is shown in Fig. 1.12B. 
One radio relay, of the type shown, may 
transmit or receive up to six broad-band 
channels. Thus only four antennas at 
each point suffice to handle six broad¬ 
band channels in two directions. One 
transmitting and one receiving antenna 
are placed side by side facing in one di¬ 
rection, and a similar pair faces in the 
opposite direction. The receiving an¬ 
tenna feeds the relatively weak micro¬ 
wave signal into an amplifier to compen¬ 
sate foi the original transmission loss. 
The output of this amplifier then feeds 

the opposite transmitting antenna which 
sends the signal on to the next relay sta¬ 
tion. A TV program signal transmitted 
over such a network from New York to 
San Francsico will pass through 105 
microwave relay stations. 

Of special consideration in the efficient 
maintenance of such a highly important 
service is the method of quickly deter¬ 
mining any faulty cog in the complex 
system. Ti e repeater stations are nor¬ 
mally unattended and automatic in op¬ 
eration. A highly developed control sys¬ 
tem is therefore used to relay informa¬ 
tion to special maintenance or alarm 
centers revealing the operating condi¬ 
tion of each individual station. When 
trouble occurs, both a visual and aural 
signal is produced at the alarm center. 
There are 42 different alarm conditions 
which quickly convey to the maintenance 
center such exact data as a rectifier fail¬ 
ure, an open door, or failure of an air¬ 
craft warning tower light. 

Network television facilities are, to 
say the least, amazing in their complex-

Figure 1.12C. Monitoring positions in the television network control center in the Long Lines De 
partment of the A. T. & T. Company at New York. Video and sound equipment at each position give 
technicians finger-tip control in testing, maintaining, and switching the network channels. Courtesy 

A. T. & I. 

• 29 



Introduction to Television 

Figure 1.1 2D. A cross-se»:tion of an 8-tube coax¬ 
ial telephone- cable. Each coaxial tube carries 
high frequency electrical signals which can trans¬ 
mit hundreds of telephone conversations or one 
television program. (As each coaxial tube only 
transmits in one direction, two tubes are needed 
for a telephone conversation.) Courtesy A. T. & T. 

ity. Under operating conditions a num¬ 
ber of different programs are routed si¬ 
multaneously to split sections of the 
country. The network routing may un¬ 
dergo a major rearrangement every 15 
minutes, or one of the many programs 
may require even shorter interval 
switching. 

Fig. 1.12C illustrates a portion of the 

A.T. & T. television network center at 
New York. This photo shows the line-up 
of monitoring positions. The operator in 
the foreground is in front of a central 
switching jack panel, with a picture 
monitor and waveform oscilloscope on 
each side of his position. A loudspeaker, 
volume indicator, and associated controls 
are also in view for suitable audio moni¬ 
toring and control. Pushbuttons on the 
central jack panel operate remotely con¬ 
trolled coaxial line switches at the co¬ 
axial terminal equipment point. Tele¬ 
phone order circuits appear at the bot¬ 
tom of the panel. 

TV networks, as well as some studio-
to-transmitter routes, may use coaxial 
transmission lines instead of RF relays. 
Coaxial lines, unlike telephone cables are 
capable of providing sufficient band¬ 
width of transmission for television sig¬ 
nals. A coaxial line is actually a copper 
tube with an inner conductor of heavy 
guage copper wire held in the center of 
the tube by insulating discs spaced along 
the conductor. 

Coaxial cables for network service 
contain eight coaxial tubes about the di¬ 
ameter of a fountain pen, along with a 
limited number of ordinary wire circuits 
for maintenance purposes or short-haul 
telephone service. Such a cable is illus-

Figure 1.1 2E. A new reel of coaxial cable has been placed on the trailer. When the end has been 
secured to the overlapping end of the buried section, the train will continue plowing in the cable 
from the new reel along the El Paso Phoenix link in the coast to coast coaxial cable. This installation is 

now completed. Courtesy A. T. & T. 
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At the end of each line of v deo information, a kinescope horizontal blacking pulse is 
transmitted. This pulse is a 'pedestal' upon which the horizontal sync pulse is con¬ 
structed. At the end of each field, a kinescope vertical blanking pulse is transmitted. 
This is the vertical pedestal upon which the complex vertical sync and equalizing pulses 
are placed. When the next field is started at top of raster, the process repeats itself. 

Figure 1.T3A. Simple representation of composite video waveform 

trated in Fig. 1.12D. The entire cable 
is approximately the size of a man’s 
wrist. 

As the TV signals travel along the co¬ 
axial lines, their energy becomes weak¬ 
ened and must be periodically amplified. 
Thus the cables terminate approxi¬ 
mately every eight miles in the terminal 
amplifiers of a repeater- station. The ma¬ 
jority of such stations are unattended 
and receive power for the amplifiers over 
the cables themselves. At the more infre¬ 
quent main stations, the required power 
is supplied to the auxiliary points and 

an alarm system similar to that de¬ 
scribed for RF relays, conveys informa¬ 
tion as to operating conditions of the un¬ 
attended repeater stations. 

The network coaxial cable is placed 
underground, deep enough to be unaf¬ 
fected by ground movements caused in 
hard freezing and thawing. Thus the 
lines are assured of freedom from 
storms, fires, falling trees, and other 
menaces common to above ground lines. 
In laying the cable (see Fig. 1.12E) the 
coaxial cable is contained on large reels 
mounted on a trailer and is threaded 

Figure 1.1 3B. Vestigial characteristic of RF signal. (After FCC Standards) 
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through a slotted plowshare which 
buries the cable as the tractor progresses 
across the land. 

1.13 The Sature of TV TVaveforms 
and Channels 

Fig. 1.13A is a representation of the 
composite signal transmitted by the 
video transmitter. A summarizing of the 
individual signals making up the com¬ 
posite waveform may be presented as 
follows : 

Where the vertical blanking time is 
assumed to be 5 per cent of total frame 
time, the number of picture elements 
(section 1.5) per frame (as limited only 
by the scanning aperture) may be found 
thus : 

525 (total lines) X 0.05 (5% verti¬ 
cal blanking time) = 27 

The value 27 is the number of re¬ 
trace lines. 

Therefore 525 — 27 = 498 active lines 
which contain the picture information. 

Channel 
No. 

Frequency 
Limits (Me) 

Freq, of 
Visual 

Carrier (Me) 

Freq, of 
Aural 

Carrier (Me) 
Channel 

No. 
Frequency 
Limits (Me) 

Freq, of 
Visual 

Carrier (Me) 

Freq, of 
Aural 

Carrier (Me) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

54-60 
60-66 
66-72 
76-82 
82-88 
174-180 
180-186 
186-192 
192-198 
198-204 
204-210 
210-216 
470-476 
476-482 
482-488 
488-494 
494-500 
500-506 
506-512 
512-518 
518-524 
524-530 
530-536 
536-542 
542-548 
548-554 
554-560 
560-566 
566-572 
572-578 
578-584 
584-590 
590-596 
596-602 
602-608 
608-614 
614-620 
620-626 
626-632 
632-638 
638-644 

55.25 
61.25 
67.25 
77.25 
83.25 
175.25 
181.25 
187.25 
193.25 
199.25 
205.25 
21 1.25 
471.25 
477.25 
483.25 
489.25 
495.25 
501.25 
507.25 
513.25 
519.25 
525.25 
531.25 
537.25 
543.25 
549.25 
555.25 
561.25 
567.25 
573.25 
579.25 
585.25 
591.25 
597.25 
603.25 
609.25 
615.25 
621.25 
627.25 
633.25 
639.25 

59.75 
65.75 
71.75 
81.75 
87.75 

179.75 
185.75 
191.75 
197.75 
203.75 
209.75 
215.75 
475.75 
481.75 
487.75 
493.75 
499.75 
505.75 
51 1.75 
517.75 
523.75 
529.75 
535.75 
541.75 
547.75 
553.75 
559.75 
565.75 
571.75 
577.75 
583.75 
589.75 
595.75 
601.75 
607.75 
613.75 
619.75 
625.75 
631.75 
637.75 
643.75 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

644-650 
650-656 
656-662 
662-668 
668-674 
674-680 
680-686 
686-692 
692-698 
698-704 
704-710 
710-716 
716-722 
722-728 
728-734 
734-740 
740-746 
746-752 
752-758 
758-764 
764-770 
770-776 
776-782 
782-788 
788-794 
794-800 
800-806 
806-812 
812-818 
818-824 
824-830 
830-836 
836-842 
842-848 
848-854 
854-860 
860-866 
866-872 
872-878 
878-884 
884-890 

645.25 
651.25 
657.25 
663.25 
669.25 
675.25 
681.25 
687.25 
693 25 
699 25 
705 25 
71 1.25 
717.25 
723 25 
729 25 
735.25 
741.25 
747.25 
753.25 
759.25 
765.25 
771.25 
777.25 
783.25 
789.25 
795.25 
801.25 
807.25 
813.25 
819.25 
825.25 
831.25 
837.25 
843.25 
849.25 
855.25 
861.25 
867.25 
873.25 
879.25 
885.25 

649.75 
655.75 
661.75 
667.75 
673.75 
679.75 
685.75 
691.75 
697.75 
703.75 
709.75 
715.75 
721.75 
727.75 
733.25 
739.75 
745.75 
751.75 
757.75 
763.75 
769.75 
775.75 
781.75 
787.75 
793.75 
799.75 
805.75 
81 1.75 
817.75 
823.75 
829.75 
835.75 
841.75 
847.75 
853.75 
859.75 
865.75 
871.75 
877.75 
883.75 
889.75 

32 • 

Table 1.13C 



Introduction to Television 

The aspect ratio is 4 to 3, which means 
that the picture is 4 elements wide to 3 
elements high. 

Therefore, 4/3, or 1.33 X 498 = 664 
(approx) horizontal elements. Thus we 
determine that about 664 “picture ele¬ 
ments” are contained in each line of pic¬ 
ture information. Since there are 498 
active lines: 

498 X 664 = 330,672 picture ele¬ 
ments. 

Thus it is found that a com:>le:e frame 
will contain approximately 330.672 pic¬ 
ture elements. 

Visualize this data as follows: each 
line width in the picture is the diameter 
of the scanning spot. Since there are 498 
active lines in a total frame, 498 vertical 
elements comprise the height of the pic¬ 
ture. As shown above, the width of the 
picture is 4/3 of the height, therefore 
each line is comprised of 664 horizontal 
elements. 
An approximation of the transmission 

bandwidth required for the numerical 
values found above may be determined 
as: 

horizontal picture 
elements 

Bandwidth =-
2 

X number of lines (ac¬ 
tive and inactive) 
per frame 

X number of pictures 
per second 

or: 
664 

Bandwidth —-= 332 
2 

332 X 525 X 30 = 
5,229,000 cps. 

or approximately 5.3 megacycles per 
second. 

It is noted in the above computation 
that the number of horizontal picture 
elements is first divided by two. This is 
necessary since interlaced two-to-one 
scanning is employed, and one cycle 
equals two picture elements. 

Thus it is found that a bandwidth of 
5.3 megacycles would be theortically nec¬ 
essary for proper transmission of the 
composite video signal. In practice, the 
total bandwidth allowed per channel by 
the FCC for both video and audio is 6 

megacycles. The width of the video por¬ 
tion of a TV channel is only 4.5 me as 
compared to the 5.3 me derived in the 
above computations. 

This value was established as stand¬ 
ard after careful tests regarding com¬ 
parative resolution (detail) of a trans¬ 
mitted picture. The radiation spectrum 
is at a premuim, and every effort must 
be made to conserve frequencies. It was 
found by these tests that the slight loss 
of horizontal resolution resulting from 
the narrowed bandwidth is not apparent 
at the receiver kinescope. 

In practice, one complete sideband of 
the carrier is transmitted and only a 
small part (vestige) of the other side¬ 
band. This is illustrated in Fig. 1.13B. 
The total width is 6 me. The visual car¬ 
rier is located 4.5 me lower in frequency 
than the aural center frequency. (The 
aural signal is frequency modulated as 
discussed in section 1.14). The aural 
center frequency is 0.25 me lower than 
the upper frequency limit of the chan¬ 
nel. 

As a practical example, consider the 
TV channel 2. This is the 54-60 me band. 
Since the aural carrier center frequency 
is 0.25 me below the upper limit, it is 
found to be 59.75 me. The visual carrier 
is 4.5 me lower than the aural center 
frequency, or 55.25 me 
The relationship of TV channels 2 

through 83 is shown in Table 1.13C. 

1.14 TV Transmitters and Antennas 

The basic functions of a television 
transmitter are comprised of two pur¬ 
poses; (a) to provide a video carrier, 
amplitude modulated with the composite 
TV wave form (section 1.13) and (b) 
an aural carrier, frequency modulated 
with the audio program signal. 

One hundred per cent modulation of a 
regular FM broadcast transmitter in 
the 88-108 me region is referred to ± 75 
kc, or a total modulation bandwidth of 
150 kc In television, however, the FM 
aural transmitter refers to 100% modu¬ 
lation as ± 25 kc, or a total modulation 
bandwidth of 50 kc 
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Figure 1.14A. RCA TT-5A transmitter at WENR-TV, Chicago, Courtesy RCA. 

As pointed out in the previous section, 
the video composite waveform is alloted 
4.5 megacycles of the total channel of 6 
me. Thus the modulator section must be 
broad band just as are the previous 
video amplifiers in the camera chain at 
the studio. 

The number of broad band radio-fre¬ 
quency circuits of the carrier amplifier 
will depend upon the method of modula¬ 
tion. When the final stage is modulated, 
the final power amplifier is the only 
broadband RF stage necessary. When 
a lower level RF stage is modulated, all 
following RF amplifiers must respond to 
a bandwidth of 4.5 me. The tuned RF 
stages from the oscillator up to the 
modulated stage are ordinary high-fre¬ 
quency transmitter circuits that may be 
“meter-tuned” as in other transmitters. 

There are advantages and disadvan¬ 
tages to either high level or low level 
modulation. In practice, the major 
manufacturers differ in their ideas of 
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the best method to use, and transmitters, 
therefore, differ in this respect. When 
the final video carrier stage is modulated 
(high-level modulation) grid modula¬ 
tion is used, rather than plate modula¬ 
tion, due to several design factors. When 
this method is used, the lower sideband 
is cut off (for single sideband transmis¬ 
sion, see previous section) by means of a 
device known as a vestigial sideband 
filter discussed later. 

When lowlevel modulation is used, the 
remaining RF carrier amplifiers must 
be broad band and tuned in such a way 
that the lower sideband is cut off by am¬ 
plifier circuit characteristics. To make 
tuned circuits broad band, low imped¬ 
ance output circuits must be used at a 
sacrifice of gain per stage. Tuning must 
be done by special equipment using 
“marker” dots and oscilloscopes to ac¬ 
complish the proper bandwidth and sup¬ 
pression of the lower sideband. Lower 
powered modulator sections may be used, 
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Figure 1.1 4B. 

however, and the use of an expensive 
vestigial sideband filter is eliminated. 

As an informative insight into the 
types found in practice, three specific 
TV transmitters are briefly described at 
this point. 

1. ÄCA TT-5A. For TV channels 2 
through 13. Modulates the grid circuit 
of the power amplifier output stage 
(high level modulation). This stage 
feeds into a vestigial sideband filter as 
described later to remove the lower side¬ 
band, or rather attenuate it to the re¬ 
quired —20 db at a point 1.25 me below 
the carrier frequency (discussed more 
fully later). The RCA TT-5A transmit¬ 
ter is illustrated in Fig. 1.14A. 

2. General Electric TT-7-A/B. For 
TV channels 2-13. Low level p1ate modu¬ 
lation is employed. This modulated stage 
is excited in the grid circuit by the RF 
carrier amplifier from the crystal oscil¬ 
lator, and plate modulated at a peak-to-
peak level of only about one watt. This 
stage is followed by a series of 5 or more 
(depending upon low or high oand oper¬ 
ation) class B linear RF amplifiers. Tri¬ 
odes are operated grounded-grid, with a 
high efficiency grounded-grid power am¬ 

plifier in the final. Each linear amplifier 
acts as a section of a -filter so that at the 
final stage, the required vestigial side¬ 
band signal prevails. Thus, of course, no 
extra filter is necessary with consequent 
output power loss. 

3. The Du Mont Master Series. The 
Du Mont TV transmitters use a modu¬ 
lation system which is just between a 
strictly low level and high level method. 
The modulated stage grids receive both 
the RF carrier voltage from the oscilla¬ 
tor-amplifier section, and the composite 
TV video waveform from a three-section 
modulator. (Therefore grid-modulated.) 
The output of this stage drives a series 
of class B linear amplifier stages, three 
being used for a 5 kw power output. The 
linear stages, as in the G.E. transmitter 
above, are tuned to attenuate the lower 
sideband, and no output filter is neces¬ 
sary. 

The possible input and output load im¬ 
pedances of a tube in a TV transmitter 
is determined largely by its capaci¬ 
tances, since, at the VHF and UHF the 
capacities are the predominating imped¬ 
ances. The fir/ure of merit of a vacuum 
tube is a ratio used to express the rela-
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tive ability to amplify high video fre¬ 
quencies. Thus, at high frequencies, gain 
is proportional to transconductance and 
inversely proportional to shunt capaci¬ 
tance, and may be expressed as : 

gm 
figure of merit =-

Ct 
where gm = tranconductance in 

micro-mhos 
Ct = total shunt capaci¬ 

tance in micro¬ 
microfarads 

It may be seen now why plate modu-
lation of high power stages is not prac¬ 
tical for a TV transmitter. The output 
capacity of a large 5 kw stage modula¬ 
tor tube working into an ordinary shunt-
compensated circuit will be in the order 
of 200 micro microfarads. Since trans¬ 
formers cannot be used for the modu¬ 
lated stage due to DC reinsertion (dis¬ 
cussed below), the plate voltage for the 
modulated tube would have to be sup¬ 
plied directly by the modulator tube 
across the plate load. In the instance 
cited here, the modulator tube would 
“see” a capacity of 200 mmf, or a load 

1 
of 199 ohms at 4 me. (Xc = -). 

2^fc 
The required 3 to 4 kw peak-to-peak 
video signal into 199 ohms would neces¬ 
sitate a power of approximately 100 kw 
from the modulator. 

Therefore when high level modulation 
is used as in the RCA TT-5A transmit¬ 
ter, the grids of the final are modulated 
rather than the plate. When plate modu¬ 
lation is used as in the G.E. transmitter, 
low level modulation takes place at a 
power level of a few watts where both 
the modulated stage and modulator tubes 
are small, with low capacitances. 
Another function peculiar to TV 

transmitters is the matter of DC rein¬ 
sertion. To understand the necessity for 
such function, it is well here to review 
briefly the composite TV waveform. 

Fig. 1.14B (a) shows a graphical rep¬ 
resentation of two lines of video infor¬ 
mation, with the horizontal blanking 
pedestals (at end of each active line) 
upon which is inserted the horizontal 
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sync pulse. Maximum signal exists (at 
transmitter output) upon black portions 
of a scene. In television, as in any system 
of transmission, certain maximum 
values related to 100% modulation of 
the transmitter must exist. As shown in 
Fig. 1.14B (a), the “black level” of the 
picture equals or nearly equals the 
blanking signal level. TV standards set 
this value at 75% of 100% modulation. 
The sync pulse peaks then occupy the 
remaining 25% of carrier amplitude, 
and the transmitter reaches 100% modu¬ 
lation only on sync pulse peaks. It is also 
shown that maximum white level is held 
to 15% of the total carrier amplitude, 
never reaching zero. 

Fig. 1.14B (b) points out the fact that 
a pulse such as a blanking pedestal or 
synchronizing pulse has two components. 
The AC component is the “sides” form¬ 
ing the pulse where the value is chang¬ 
ing with respect to time. The “flat top” 
of the pulse or video signal is a DC com¬ 
ponent, since it maintains a steady value 
of amplitude over a period of time. 

Obviously the DC component is lost in 
ordinary transformer or R-C coupled 
circuits which act only upon changing 
values of voltage or current. Therefore 
in TV systems, DC reinsertion is accom¬ 
plished at certain important points in 
the system. It is also carried out in the 
TV receiver. 

Some reference must be used for es¬ 
tablishing the DC level of the picture 
signal. It is recalled that the peaks of 
the sync pulses are maintained at a con¬ 
stant level above the pedestal (blanking) 
signal. At the transmitter this relation¬ 
ship may serve as the reference voltage 
for establishing the DC level of the car¬ 
rier amplitude. 

By means of the DC restorer tube and 
network which is “keyed” by the hori¬ 
zontal sync pulses, the modulator tube 
bias is automatically returned to the 
same predetermined value for each 
blanking pulse. This action, in effect, 
restores the DC component. The modu¬ 
lator plates are “directly coupled” to the 
grid or plate of the RF stage so that the 
DC value is maintained. 
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TWO LINES OF "LOW" BRIGHTNESS' 

(DARK) CONTENT FROM VIDEO 
AMPLIFIER 

TWO LINES OF'HIGH" BRIGHTNESS 
CONTENT FROM VIDEO MODULATOR 

TWO LINES OF’AVERAGE“ BRIGHT¬ 
NESS CONTENT FROM VIDEO 
MODULATOR 

CORRESPONDING WAVEFORMS 
OF RE CARR'ER AT OUTPUT 
OF MODULATED STAGE. 
(BEFORE REMOVAL OF PART 
OF LOWER SIDEBAND) 

Figure 1.14C. Action of modulator and modulated stage of TV transmitters. 

Another type of circuit commonly used 
in conjunction with the DC restorer is 
known as a clamping circuit. Such a cir¬ 
cuit maintains a constant voltage level 
output for an input waveform which 
contains amplitudes in the positive or 
negative sides above a predetermined 
value. Clamping circuits are used in 
other points of the complete TV system 
and will be described where applicable 
in the following chapters. The basic 
function should be memorized at this 
time. 
A sync-pulse expander is also com¬ 

mon at transmitters and elsewhere in 
the TV chain of amplifiers. This type of 
circuit is used to compensate for any 
loss in the amplitude of the sync pulse. 
In a typical circuit, a class A amplifier 
which amplifies all the composite signal 
is used to excite a class C amplifier which 

draws plate current orly on peaks (the 
sync pulse) of the signal. This added 
current, combined with the output of the 
class A amplifier, serves to expand the 
signal at the time of the sync pulse. 

The TV transmitter radiates a com¬ 
posite modulated RF carrier as follows : 

1. The RF carrier wave generated by 
the crystal oscillator, and amplified. 

2. The picture signal content from the 
studio cameras, which is used to ampli¬ 
tude modulate the RF carrier. 

3. The sync pulses as follows : 
(a) Horizontal blanking pulse 

(Horizontal pedestal). 
(b) Horizontal sync pulse (con¬ 

structed upon the H pedestal). 
(c) Vertical blanking pulse (verti¬ 

cal pedestal ). 
(d) Vertical sync pulse (con¬ 

structed upon the V pedestal). 
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(e) Equalizing pulses (also con¬ 
structed upon the V pedestal), 
preceding and succeeding the 
serrated vertical sync pulse. 

Fig. 1.14C shows the appearance of 
the carrier envelope at the modulated 
RF stage, therefore prior to removal of 
the lower sideband. In (a) is the char¬ 
acter of the envelope for two lines of al¬ 
most black content. The carrier wave 
will be at maximum level. In (b) is the 
appearance for two lines of highest 
brightness, and the carrier amplitude 
will be at a minimum (approximately 
15%). It is noted that the blanking ped¬ 
estals and sync pulses remain of con¬ 
stant amplitude under video modulation 
(de restoration). In (c) is shown two 
lines of “average” brightness. This sys¬ 
tem of modulation is termed negative 
transmission. It means that the more 
light content in the picture, the less the 
carrier amplitude. This is the standard 
method for the United States, and con¬ 
tains a number of advantages over posi¬ 
tive transmission as follows : 

1. Since the black level is maintained 
constant, and the sync peaks (represent¬ 
ing a very short interval of time) repre¬ 

sent the maximum radiated power, a 
considerable reduction in average power 
results. Since most of the signal repre¬ 
sents varying degrees of lightness, the 
average carrier power is relatively low. 

2. Electrical impulses constituting 
“noise” which are of amplitude varia¬ 
tions are more readily compressed. 

3. Negative transmission allows use 
of the pedestal level (black level) and 
sync peaks to operate a comparatively 
simple type of automatic gain control 
(AGC) at the receiver. 
As mentioned earlier, when high level 

video modulation is used, a band elimi¬ 
nation filter must be used to attenuate 
the lower sideband. This filter is known 
as a vestigial sideband filter and is 
placed between the final RF amplifier 
and antenna as shown in Fig. 1.14D. 
The FCC Standards state that the 

lower sideband shall not be greater than 
minus 20 db for a modulating frequency 
of 1.25 megacycles or higher. The vesti¬ 
gial sideband filter accomplishes this at¬ 
tenuation. It is actually composed of co¬ 
axial elements which act as the simpli¬ 
fied schematic of Fig. 1.14D. The low 
pass filter accepts the lower sideband 

Figure 1.14D. 
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and dissipates its power in the load re¬ 
sistor R. The high pass filter allows the 
upper sideband to pass, and the notch 
filter is an arrangement so tuned that it 
produces a “notch” at the critical point, 
dissipating energy at a frequency 0.25 
megacycles below the lower lim t of the 
channel. This provides protection to the 
next lower TV channel. 
The diplex unit is necessary since two 

transmitters, the visual and aural, are 
feeding a common antenna system. The 
equivalent schematic of a diplexer unit is 
shown in Fig. 1.14E. The principle is 
that of a balanced bridge which prevents 
interaction between the two transmit¬ 
ters. The resistive elements labeled N-S 
(north-south) and E-W (east-west) ra¬ 
diators represent the elements of a su¬ 
per-turnstile antenna. The balancing im¬ 
pedances are adjusted to “balance” the 
bridge circuit. Thus each transmitter 
feeds between two points of equivalent 
potential with respect to the other, and 
no interaction is possible when properly 
balanced. In order to effect a substan¬ 
tially circular radiation pattern from 
the elements of the antenna which are 
at right angles to each other, a phasing 
loop is inserted in one transmission line. 
This is actually an extra quarter-wave 
line section which delays the signal 90 
degrees for the associated radiator. 

There are several forms of TV trans¬ 
mitting antennas, the most popular be¬ 
ing the above mentioned super-turn-

stile or “bat-wing” antenna. Regardless 
of the type, they are characteristically 
broad band for operation over a six 
megacycle range. They are also capable 
of power gain, since high-angle radia¬ 
tion is concentrated in the horizontal 
plane. 
The antenna field gain is a rating com¬ 

monly encountered in literature on TV 
antennas. The reference is an ordinary 
dipole with 1 kw input power, having a 
constant of 137.6 millivolts per meter at 
one mile. Thus antenna field gain is the 
ratio of the effective free-space field in¬ 
tensity produced by a given antenna of 
1 kw power input at 1 mile in the hori¬ 
zontal plane to that of the constant 137.6 
millivolts per meter. Antenna power 
gain is the square of the field gain. The 
greater the vertical number of antenna 
elements, the greater the gain. 
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CHAPTER 

Details of the Television Camera 

2.1 The Camera Lens 

The lens is the device used to impart 
definition in the image built upon the 
photosensitive surface of the pickup 
tube. The TV tyro should thoroughly 
review paragraph 1.1 in Chapter One be¬ 
fore going on with this study. Fig. 2.1 A 
is a photograph of four sizes of lens com¬ 
monly used on TV cameras in the studio. 

In the television system, the lens must 
not limit the three dimensions of defini¬ 
tion important to picture quality. These 
dimensions are (a) Horizontal defini¬ 
tion, (b) Vertical definition, and (c) 
depth of field definition. 

Details of the actual construction of a 
complete lens to overcome natural defi¬ 
ciencies in such optical devices are not 
important to the TV operator. He should, 
however, be as familiar with the general 
types of lenses as be is with the general 
types of capacitors and resistors used in 
radio circuits, even though actual con¬ 
struction of them is never undertaken. 

Defects of a single lens, such as 
spherical and chromatic aberrations, are 
overcome in practice by using a lens sys-

Figure 2.1 A. Courtesy Eastman Kodak Company. 

Figure 2.1 B. Actual camera lens may be com¬ 
posite lens for correction of certain optical de¬ 

ficiencies. 

tern consisting of a number of different 
types of lens. In most cases, the indi¬ 
vidual lens are cemented together, giving 
the physical appearance of one unit. This 
arrangement of a typical TV type lens 
is illustrated in Fig. 2.1B. This should 
not be considered as an iron-clad rule, 
however, for all TV lenses. 
The focal length (designated by the 

large letter F) is one important charac¬ 
teristic. Fig. 2.1C (1) shows how light 
rays from a source are converged to a 
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Figure 2.1 D. Effect of focal length of lens on size 
of image. 

“focus” by a lens as shown, and as dis¬ 
cussed previously. (Section 1.1). As the 
source of light (S) is brought closer to 
the lens, Fig. 2.1C (2), the focus recedes 
as shown. In other words, the light rays 
are bent by a certain amount (refrac¬ 
tive index) and the greater the original 
divergence, the less the convergence of 
the light rays transmitted by the lens. 

If the light source is brought suffi¬ 
ciently near the lens, the transmitted 
light waves no longer converge, but be¬ 
come simply plane waves as illustrated 
in Fig. 2.1C (3). Conversely, plane 
waves, i.e., light waves coming from a 
point very distant from the lens, will be 
caused to converge upon the “principal 
focus.” Fig. 2.1C (4) shows the effect, 
and the distance from the optical center 
of the lens to this point is known as the 
focal length. 
Definition: Focal length is the 

DISTANCE FROM THE OPTICAL CENTER OF 

THE LENS TO THE IMAGE, WHEN THE LENS 

IS focused ON infinity. In practice, “in¬ 
finity” is any objects at distance greater 
than 100 feet from the lens. 

Thus if this point occurs at (for ex¬ 
ample) 8%" behind the lens when fo¬ 
cused upon “infinity,” the focal length 
(F) is said to be 8W. 
The most apparent distinguishing 

characteristic of the F of a lens is the 
physical length. This is illustrated in 
Fig. 2.1 A. It is observed that the greater 
the local length, the greater the physi¬ 
cal size. 

The focal length of a lens governs the 
size of the image and the angle of field 
covered. 

Fig. 2.ID illustrates the effect of F on 
the size of the image. It is obvious that 
the longer the focal length F, the greater 
distance will the rays of light have to di¬ 
verge before focusing the image. (Focal 
plane). Thus telephoto type lenses of 
long focal length are able to bring us a 
“close-up” of a ball carrier in a football 
game, even though the camera is up in 
the stands or on the sidelines. 

The greater the focal length, however, 
the less is the horizontal and vertical 
fields able to be “covered.” The table of 
2.IE shows the horizontal field angles 
for the most popular sizes of TV lens. 

This table is true only for cameras us¬ 
ing the image orthicon pickup tube. 

To illustrate the difference in relation¬ 
ship of the focal length F to the width 
of field between an image orthicon and 
iconoscope type pickup tube, the follow¬ 
ing ratios may be set up : 

Distance of Subject 
F from Lens 

Light-Sensitive Width of Field 
Surface 

(width in inches) 

Table 2.1 E. 

Description f:Number 
Total Horizontal Field 
Angle. (Width of Field) 

Studio camera lens 35mm (1 Vi"). 
Studio camera lens 50mm (2"). 
Studio camera lens 90mm (3’A"). 
Studio camera lens 135mm (5.3"). 
Studio and Field camera lens 8/2 ”. 
Studio and Field camera lens 13". 
Field camera lens 15". 
Field camera lens 17". 
Field camera lens 25". 

f:3.3 
f:1.9 
f:3.5 
f:3.8 
f:3.9 
f:3.5 
f:5.0 
f:5.0 
f:5 

51.5° 
34° 
19° 
'3° 
8° 
5° 
4.5° 
4° 
2.75° 
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That is; the focal length (F) is to the 
mosaic (in an iconoscope) or the photo-
cathode (in an image orthicon) as the 
distance from the lens to the subject is 
to the width of field. The width of field 
is the horizontal area covered fcr a given 
distance from the lens. 
As an example of determining the 

width of field for an 8t4" lens at 10 feet; 
first for the image orthicon type tube, 
then for an iconoscope tube, we may set 
up the width of field as the unknown (X) 
thus: 

8.5" 10 ft. (120") 

1.2" X 
The width of the photocathode in all 

image orthicon tubes may be taken as 
1.2 inches, as shown in the above for¬ 
mula. 

Solving: 
8% X — 168 

Therefore X = 19.76 inches or 1.7 
feet (approx.) 

Thus for an image orthicon type cam¬ 
era, the width of field 10 feet from the 
8% inch lens is approximately 1.7 feet. 

Now to figure the width of field for an 
8%" lens when used with an iconoscope 
camera; the width of the mosaic in an 
iconoscope tube is 4.75 inches, and our 
equation becomes: 

8.5" 120" 

4.75" X 
then 8.5 X = 570" 
and X = 67" or 5.58 feet (approx.) 

Thus for an iconoscope type camera, 
the width of field 10 feet from the lens 
is approximately 5.6 feet. 

The image orthicon tube is used almost 
exclusively in modern TV cameras for 
studio and field pickup. The iconoscope 
is used mainly for film and slide pickup. 
The iconoscope requires much greater 
light for satisfactory image response, 
and the picture is somewhat inferior to 
that obtained from the more sensitive 
image orthicon. 

TV standards call for an aspect ratio 
of 3 units high to 4 units wide. Thus the 
vertical field is % of the horizontal field, 
and the light sensitive surfaces of pickup 
tubes are proportioned accordingly. Thus 

the vertical field for the image orthicon 
in the above example is % of 1.7 feet, or 
approximately 1.27 feet. For the icono¬ 
scope, the vertical field is % of 5.6 feet, 
or approximately 3.45 feet. 

The coordination of this type of data 
with camera operating technique is ex¬ 
panded in Chapter 6, Part 2 of this book. 

Another important aspect of the TV 
lens is the rated speed. The “speed” of a 
lens determines the amount of light 
which must be used for satisfactory re¬ 
production. Changing the speed of a lens 
affects the depth of field, described be¬ 
low. 

The relative amount of light that gets 
through a lens depends upon the diame¬ 
ter. Obviously, a larger lens admits more 
light than a smaller one. Due to physical 
difficulties in the optical processes of 
“grinding” a high quality lens, and cor¬ 
recting it for certain deficiencies such as 
the color effect of focusing described 
earlier, the maximum size of the lens is 
limited. 

A lens speed is rated at its “widest 
stop,” that is, at the maximum diameter 
of the iris opening. The lens iris per¬ 
forms the same function as the human 
iris of the eye. When we look at a rela¬ 
tively bright scene, our iris contracts 
and admits less light, allowing us to dis¬ 
tinguish the object without “blinding” 
our sense of sight. The TV iris varies 
the opening which aUows light to pass 
through the lens. 

The “stop opening” of the iris is des¬ 
ignated by the small letter f, and is re¬ 
lated as follows : 

F 
f = -

D 
where f = stop vaine 

F = focal length 
D = lens diameter with iris 

opened wide (Iris open¬ 
ing diameter). 

Thus it is observed that the f: num¬ 
ber is rated in proportion to the focal 
length. If the widest stop on our iris is 
one inch, and the lens is an 8% inch 
focal length : 
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Figure 2.1 F. 

8.5 
f = - = f:8.5 

1 
For the same 814 inch focal length 

lens, a lens diameter of 2 inches would 
result in a “speed,” or f: number of 
f:4.25, a diameter of 4 inches giving a 
very fast action of about f :2 speed. 

A short focal length lens such as a >50 
mm (2 inch), F gives a wider angle of 
field, and smaller image. A one inch di¬ 
ameter lens in this example would give 
anf:2 speed. 

A relatively “fast” lens is exemplified 
by the ratings of f:1.9 or f:2.7. “Me¬ 
dium” speed is exemplified by such 
values as f:3.5, f:5.5. A relative “slow” 
lens has values of f:6.8, f:16 or f:22. 

In practice, the iris on a TV camera is 
used to meet a variety of operating con¬ 
ditions. One of the more important ef¬ 
fects of the “stop value” is the resulting 
influence on the depth of field. 

As is probably obvious to the reader, 
the camera is rarely called upon to focus 
upon only one object. Usually, several 
objects or a comparatively large area of 
a scene is distinguished by the eye as be¬ 
ing “in focus.” This area is determined 
by the depth of field. 

Definition: Depth of field is the 
DISTANCE BETWEEN THE NEAREST OBJECT 

IN FOCUS TO THE FARTHEST OBJECT IN 

FOCUS, WHEN THE LENS IS FOCUSED UPON 

A given point. This is illustrated basi¬ 
cally by Fig. 2.1F. 

To gain a comprehensive mental pic¬ 
ture of depth of field, it is well to explore 
the mechanics of “focusing” by a cam¬ 
era-lens system. Look to Fig. 2.1G. Re¬ 
membering the basic principle of focus¬ 
ing, it is observed that the near object is 
“focused” at a certain point as shown, 
and so is the far object. At a certain 
point between the two images is shown 
the ideal point for best focus of both ob¬ 
jects. Now study the point of focus for 
the far object. The path of the rays of 
light from the near object forms a small 
diffused circle of light (the drawing is 
exaggerated for study). Now look at the 
point of focus for the near object. Here 
the rays of light from the far object 
(which are now diverging again) again 
form a diffused circle of light. These 
“circles” are called “circles of confu¬ 
sion,” and in practice must be kept under 
1/100 of an inch to be unnoticed by the 
eye. Thus it is understood why objects 
outside the “depth of field” appear hazy 
or “unfocused.” 

Fig. 2.1H shows the effect of “stopping 
down” the active lens area by means of 
the iris diaphragm. The circles of con¬ 
fusion are greatly reduced by an amount 
depending upon the f: ratio, and the 
image is sharper, allowing a greater 
depth of field. In other words, the objects 
in good focus may be farther apart when 
using a smaller stop opening before the 
circles of confusion become great enough 
to cause a diffused (blurry) picture. 
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Figure 2.1G. Greatly exaggerated drawing of “circles of confusion." 
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Figure 2.1H. Illustrating how smaller stop number reduces “circles of confusion," giving sharper image. 

It should be noted at this time, that the 
field behind the principal foca point is 
greater in depth than the field in front 
of that point. The importance of this 
characteristic is more apparent in our 
operations study of Chapter 6, and is 
proved later in this section. 

A closely related feature is the depth 
of focus, not to be confused with the 
above discussed depth of field. 

Definition: Depth of focus is the 
DISTANCE BETWEEN THE NEAREST IMAGE 

BEHIND THE LENS THAT IS IN FOCUS, AND 

THE FARTHEST IMAGE BEHIND THE LENS 

that is IN focus, when the lens is fo¬ 
cused upon a given point. This is basi¬ 
cally illustrated in Fig. 2.11. 

Another property of a lens, very im¬ 
portant to the understanding of camera 
operation, is the hyperfocal distance. If 
the operator is workably familiar with 
the hyperfocal distance, he may more 
readily correlate the operational prop¬ 
erties of his camera with focal length 
(F), lens speed (f) and depth of field 
that particular lens will adequately de¬ 
fine. 

The hyperfocal distance of any par¬ 
ticular lens is the nearest point at which 
objects are in sharp focus when the lens 
is adjusted for “infinity.” This distance 
for any lens is related to the focal length 

Figure 2.11. 

(F) and the stop opening (f) used as 
follows: 

1000 F .' 
H = - inches 

f 
Example: Assume a lens of 50mm (2 

in.) focal length (F) using a stop open¬ 
ing of f :4 

1000 (2) 2000 
H = - = - = 

4 4 
500 in. = 41'9" (approx.) 

In this example, the hyperfocal dis¬ 
tance is about 41'9". If this lens, instead 
of being focused upon “infinity,” were 
focused upon the hyperfocal distance of 
41'9", all points from infinity down to 
one-half the hyperfocal distance will be 
within the depth of field. Thus a range of 
infinity down to one-half the above, or 
about 20'9%" would be sharply focused 
by the iens system. 

The next point of interest to the oper¬ 
ator concerning the property of hyper¬ 
focal distance, is to visualize the nearest 
and farthest limits of depth of field when 
a given lens is focused at any certain 
distance from the lens. These limits are 
mathematically related as follows : 

HXd 
nearest limit =-

H d 
H Xd 

farthest limit =-
H —d 

where H is the hyperfocal distance and 
d is the distance from the lens focused 
upon. 
Example: For the lens given in the 

previous example, the nearest limit of 
depth of field when the lens is focused 
for 50 feet; (600 in.) 
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oo — infinity 
Table 2.1J. 

Focused Distance 
In 

Feet 

Nearest and Farthest Limits of Depth of Field 

H = 175 " H = 250" H = 350" H = 500 " H = 700" H = 1000" 

4 
3' 2" 
5' 6" 

3' 4/2" 
4'11/2" 

3' 6" 
4' 7/2" 

3' 8" 
4' 5" 

3' 9" 
4' 3/2" 

3' 9/2" 
4' 2/2" 

7 
4' 9" 

13' 5'/2" 
5' 3" 
10' 8" 

5' 7/2" 
9' 2/2" 

6' 0" 
8' 5" 

6' 3" 
7'11/2’ 

6' 5/2" 
7' 7/2" 

10 
511" 

31 10" 
6' 9" 
19' 3" 

7' 5/2" 
15' 2/2" 

8'1” 
13' 2" 

8' 6/2" 
12' 1" 

8'1 1 " 
11' 4" 

15 
7' 4/2" 

OO 
8' 8/2" 

53' 7" 
9'11 " 

30'10/2" 
11' 0" 
23' 5" 

11'11" 
20' 2" 

12' 8/2" 
18' 3/2" 

25 
9' Th" 

OO 
11' 4/2" 

OO 
13' 5/2" 

175' 0" 
15' 7/2" 
62' 6" 

17' 6" 
43' 9" 

19' 3" 
35' 9" 

OO 
14' 7" 20'10" 

co 
29' 2" 

OO 
41' 8 " 

œ 
58' 4" 

0 
83' 4" 

°° 

Table 2.IK. 

Focal 
Length 

Hyperfocal Distance at f: Stop Number 

f:2 f:3 f:3.5 f:4 f:4.5 65.6 f:6.3 f:8 f:l 1 f:16 f:22 

50mm (2 *) 83'6" 55'6" 47'7" 41 '9’ 37' 1" 29' 9” 26'8" 20'1 1 " 15'1 " 10'6" 7' 6" 

90mm ( 3 ’/a ") 146'0" 97'3" 83'4" 73'0" 64'10' 52' 0" 46'8" 36' 6" 26 6" 18'3" 13' 3" 

1 35mm (5.3 ") 229'3" 152'9" 131 '0" 1 14'7" 101 '10" 81'10" 73'6" 57' 4" 41 '9" 28'8" 20'11 " 

(500)’(600) 300,000 
-=-= 272.7 inches or 

1100 1100 about 22'8". 

The farthest limit of depth of field 
would be: 
300,000 300,000 
- =-or infinity (Since an-
500-600 -100 swer is negative) 
This points up an important character¬ 

istic: When H is equal to d or less than 
d, the farthest limit of depth of field is 
at infinity. When H is greater than d, 
the farthest limit is finite, and will have 
a value related to the above formula. 

For the convenience of the reader, a 
number of tables illustrating the subject 
under discussion is presented in the fol¬ 
lowing pages. Table 2.1 J presents the 
nearest and farthest depth of field limit¬ 
ing distances for various values of H and 
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distances focused upon. T may be noted 
here again that as d becomes greater 
than H, the farthest limit of depth of 
field becomes infinite. Table 2.1K shows 
the hyperfocal distance for the most 
popular sizes of TV studio camera lenses 
at various f: stop openings. Tables 2.IL, 
2.IM and 2.IN show the limits of depth 
of field for three of the most widely used 
lenses on studio setups. 

Close study of these tables prove the 
points concerning focusing and depth 
of field discussed earlier. It was shown, 
for example, that the depth of field is 
greater beyond the focal point than in 
front. Observation of the Table 2.IN 
reveals that when the 5.3" lens is focused 
at 50' with a stop opening of f:8, the 
usable depth of field is from 26'9" to 
391'0". Therefore, the field in front of 
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the focal point (50') is approximately 
23', whereas the field beyond the focal 
point is about 341 feet. Close study 
shows that this characteristic is due to 
the hyperfocal distance characteristic of 
the lens system. 

Another important item is the effect of 
“stopping down” a lens of given focal 
length on the depth of field. Observing 
Table 2.IM, it is noted that the 3%" lens 
at stop opening f:3.5 focused at 10', has 
a depth of field range from 8'11" to 
il'4%", or about 2'5%". Stopping the 
lens down to f:8 gives a limiting range 
at 10', of 7'10%" to 13'9%", or about 
5'11 %". Thus the effective depth of field 
is increased from 2'5%" to 5'11%" at 10 
feet by using a smaller stop opening. 

In practice, the actual theoretical 
limits as given in these tables are flex¬ 
ible. Objects slightly out of the limits 
may still be within the limits of defini¬ 
tion of the overall TV system. The oper¬ 
ator, however, must be thoroughly fa¬ 
miliar with such lens characteristics so 
as to know which type must be used for 
the “shots” called for during a studio 
production. 

Depth of field varies as shown by the 
discussion thus far with focal length 
of lens as well as the stop opening. Fig. 
2.10 shows this relationship graph¬ 
ically. The relative depths of field for 
three popular size (F) lenses are shown 
when focused at 20 feet with a stop open¬ 
ing (f:) of f:8. Also to be considered is 
the relative size of the resulting image, 
also shown in this illustration. Thus a 
shorter focal length lens may be seen to 
include a greater depth of field but the 
relative size of a given object is smaller 
in proportion. 

Another factor affec ting depth of field 
should be pointed out here. Observing 
again Table 2.1N, the 5%" lens stopped 
to f:8 and focused at 20 feet, has a depth 
of field of a little over 15 feet. When this 
same lens, with the same f: number, is 
focused at 50 feet, the depth of field is 
almost 305 feet. Thus depth of field for 
any given lens will be increased by mov-
ing the camera back from the scene. 
Again, of course, the image size of any 
given object is smaller. The reader 
should thoroughly grasp these various 
relationships before proceeding with 

Theoretical Limits of Depth of Field for lenses of 50mm (2") Focal Length 

00 — infinity 
Toble 2.IL. 

fzNumber 
Distance In Feet 

2 ' 4' 6' 8' 10 15 20' 30' 50' oo 

f:2 
1'111" 
2'00!" 

3' 9}’ 
4' 2}" 

5' 7}" 7' 31" 
6' 5}" 8'10" 

8'1 1 " 
i r 4 " 

12' 8" 
18' 3" 

16' 1 " 
26' 4" 

22'1 " 
47'0’ 

31'3" 
125'0" 

83' 6" 
OO 

f:3.5 
1'11" 
2' 1 " 

3' 8} " 
4' 4}’ 

5' 4" 6'10" 
6' 9}" 9' 7}" 

8' 3" 
12' 8' 

11' 5" 
21 '1 1 " 

14' 1" 
34' 7" 

18'5" 
55'0" 

24'4" 
co 

47' 7" 
oo 

f:4.5 
i io;" 
2' ir 

3' 7'," 
4' 5}" 

5' 2" 6 7" 
7' 2" 10' 2.}" 

7'10!" 
13' 8" 

10' 8” 
25' 2" 

13' 0" 
43' 5" 

16'7" 
157'0" 

21 '3" 
co 

37' 1 " 
00 

f.6.3 
1 '10}" 
2' 2" 

3' 5}" 
4' 8!" 

4'10}’ 
7' 9" 

6' 2" 
11' 5’ 

7' 3} " 
16' 0" 

9' 7" 
34' 3" 

11' 5" 
80' 0" 

14 1 " 17'5" 
co 

26' 8" 
OO 

f:8 
1' 9}’ 
2' 2}" 

3' 4’," 
4'11 J" 00

 J
x 

Ch
 
0Ô

 
1 

5' 9}" 
13' 0" 

6' 9" 
19' 3" 

8' 8}" 
53' 6" 

10' 2" 
500' 0" 

12'3’ " 
oo 

1 4 '9 " 
00 

20'10" 
OO 

f:l 1 
1' 9}" 
2' 3}" 

3' 2" 
5' 5}" 

4' 3}' 
9'1 1}" 

5' 2}" 
17' 0" 

• 
» 

O 00 1 

°-

7' 6" 
a> 

8' 7" 
00 

10’0’ 11'7" 
oo 

15' 1 " 
OO 

116 
I' 8i" 
2' 5}" 

2'10}’ 
6' 6" 

3' 9]" 
14' 2" 

4' 6}" 
34' 6” 

5' 1}" 
250' 0" 

6' 2" 
a« 

6'10" 
CO 

7'9" 

'° 

8'7" 
oo 

10' 5" 
OO 
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Theoretical Limits of Depth of Field for Lenses of 90mm (3 Va") Focal Length 

oo =  infinity 
Table 2.1M. 

Distance in Feet 

fzNumber 4' 6' 8' 10' 15' 20' 30' 50' OO 

f:3.5 
3'9% "5' 7%’ 
4'2% "6' 5%" 

7' 3%' 
8'10" 

8'1 1 " 
11' 4%" 

12'8%" 
18'3" 

16' 1 " 
26' 4" 

22' 1 " 
47' 0" 

31'3" 
125'0’ 

83' 4’ 
OO 

f:4.5 
3'9% "5' 6" 
4'3% "6' 7%" 

7' 1%" 
9' 1%’ 

8' 8" 
1 1 '10’ 

12'2" 
19'6" 

15' 3%" 
28'1 1 " 

20' 6" 
55'10’ 

28'3" 
218'6' 

64'10" 
00 

f:6.3 
3'8% " 
4'4 %" 

5' 3%’ 
6'10%" 

6'10" 
9' 8’ 

8' 3" 
12' 9" 

11'4" 
22'1 " 

14' 0" 
35' 0’ 

18' 3" 
85' 0" 

24'2" 
00 

46' 8" 
co 

f:8 
3'7 %" 
4'6" 

5' 1%" 
7' 2%" 

6' 7" 
10' 3" 

7'10%" 
13' 9%" 

10'7%" 
25'5" 

12'11’ 
44' 3" 

16' 5%’ 
168' 6" 

21 '1 ’ 
OO 

36' 6” 
OO 

f : 1 1 
3'5%’ 
4'8 %" 

4'10%" 
7' 9" 

6' 1%" 
11' 5%" 

7' 3" 
16' %" 

9'7" 
34'7" 

11'5" 
81' 6" 

14' 1" 
OO 

17'4" 26' 6" 
OO 

f:16 
3'3’/.’ 
5'1%' 

4' 6%" 
8'1 1 %" 

5' 6% " 
14' 3" 

6' 5%" 
22' 2" 

8'3" 
84'3" 

9' 6’/2" 
co 

11' 4" 13'4" 18' 3’ 
œ 

Theoretical limits of Depth of Field for Lenses of 1 35mm (5.3 "l Focal Length 

oo — infinity 
Table 2.1 N. 

fzNumber 
Distance in Feet 

ó ' 8' 10' 15' 20' 30' 50' oo 

f:4.5 
5' 8" 
6' 4%' 

7' 5" 
8' 8%" 

9'1%" 
11'1 ’ 

13' 1" 
17' 7" 

16' 9" 
24'10" 

23'2" 
42'3" 

33'6" 
98'6" 

101'10" 
co 

f:6.3 
5' 6%" 
6' 6%" 

7' 2%" 
8'11%" 

8'9% " 
11'7" 

12' 5" 
18'10" 

15' 8" 
27' 6" 

21 '4" 
50'8" 

29'9” 
156'6" 

73' 6" 
OO 

f:8 
5' 5%" 
6' 8%" 

7' 0" 
9' 3%* 

8'6" 
12'1%’ 

11'11" 
20' 4" 

14'10" 
30' 9" 

19'9" 
63'6" 

26'9" 
391 '0" 

57' 4" 
co 

f:l 1 
5' 3" 
7' 0" 

6' 8’/2" 
9'1 1 " 

8'1 " 
13'2" 

11' 0 " 
23' 5" 

13' 6" 
38' 6" 

17'5" 
107'0" 

22'9" 
OO 

41' 9 ’ 
OO 

f:16 
4'11%" 
7' 7" 

6' 3’ 
11' 1’ 

7'5" 
15'3" 

9'10" 
31' 6" 

11' 9 " 
66' 3" 

14'8" 
OO 

18'3" 
oo 

28' 8" 
oo 

operational practice described in Chap¬ 
ter 6. 
Remember in this connection that 

when a lens is stopped down to a higher 
f: number (smaller iris opening), the 
image brightness is reduced as the 
square of the f: number. Actually, the 

F 
f : number is a ratio of lengths, (f = —,) 

D 
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whereas light passing properties depend 
upon area. Since the area (D) in the 
above equation is the denominator of the 
fraction, the smaller the value of f:, the 
greater is the quantity of light gathered. 
A lens mount is usually marked off in 
f : number values so that traveling from 
one figure to the next cuts the amount 
of light passed by one-half. Thus if f:2 
is the maximum aperture, the next value 



Details of the Television Camera 

Figure 2.10. Effect of focal length on depth of 
field and comparative image size. 

is usually f:2.8, where the transmitted 
light is halved. The next value is usually 
f :4, where the light is again halved, or 
is only one-fourth the amount trans¬ 
mitted by the f:2 opening. Another way 
of saying this is that an f:2 lens trans¬ 
mits 4 times as much light as an f:4 
lens. Since the difference between f:2 
and f:4 is 2, it may be seen that image 
brightness is related to the square of the 
f : number ratio. 

Thus available lighting in the studio 
or in the field is a limiting factor as to 
how’ a lens may be stopped down in prac¬ 
tice. Lighting in the studio is usually 
ample and well controlled. Field events 
pose a greater problem in this respect. 

Television lenses are of the bayonet 
base type to facilitate interchanging 
them, when required, with minimum 
time. A lens turret holds four lenses of 
various sizes, so that the turret may be 
rotated in a matter of seconds to change 
the operating position so that a different 
lens may be used. This is accomplished 
by squeezing the large handle on the 
rear of the camera head, and rotating 
it to the desired position. An arrow’ is 
usually engraved on the turret handle 

indexing plate, and points to four “lens 
identification spaces” on the masking 
ring. These spaces provide a means for 
the operator to pencil-in the type of lens 
mounted in that particular position. 

Optical focusing (relative distance of 
lens to photocathode surface in image 
orthicon), is accomplished by turning 
a knob on the side of the camera. Some 
cameras have focussing knobs on both 
right and left side for convenience. 
Others have the knob only on the right¬ 
hand side. This knob does not move the 
lens at all. The distance is varied by 
moving the image orthicon tube and its 
associated yoke (deflecting and align¬ 
ment coils) on two tracks upon which 
the assembly slides back and forth. This 
facilitates the use of the lens turret, 
since complicated mechanisms would be 
required with a turret to move the actual 
lens in and out when mounted upon the 
turret. 

Most cameras, especially of the studio 
type as distinguished from the field or 
portable type, have facilities for adjust¬ 
ing the iris opening (f: number) from 
the rear of the camera. 

While on the subject of the lens, it 
should be mentioned that no lens has a 
100% light passing characteristic. An 
efficiency of 70 to 75% is average for the 
TV type lens. The “lens barrel” in which 
the lens is mounted must be dark since 
any reflection here would result in severe 
distortions, destroying the ability of the 
lens to define the scene. Practically all 
TV lenses are fluoride coated to prevent 
internal reflections and thereby increase 
the efficiency of transmitting light 
through the lens structure (Section 1.1, 
Chapter 1). 

Due to the spectral response of some 
image orthicon tubes, as discussed later 
in this chapter, extending well into the 
ultra-violet or infra-red range, it is 
necessary to use corrective filters in 
front of a lens to provide proper rendi¬ 
tion of visible shades from black to 
white. A lens-adapter ring is used in this 
case with a filter such as Wratten No. 6 
placed immediately in front of the lens. 
Such filters reduce the sensitivity about 
one-half. This is actually no problem as 
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Figure 2.1 P. Dr. Frank G. Back, inventor of the 
Television Zoomar Lens, the Video Balowstar, 
the 40-inch Reflectar and the Video Analyzer, 
testing c 40-inch Reflectar Lens now used ex¬ 
tensively for remote pickups of baseball, football, 
horse racing, soccer, aviation, parades, etc. Cour¬ 

tesy Back Video Corporation. 

a general rule, since the image orthicon 
is so sensitive that sometimes out-of-
doors in brilliant sunlight, it is impos¬ 
sible to stop the lens down far enough to 
keep from saturating the photocathode. 
Wratten neutral filters are often used in 
this case, with transmission factors of 
only 10 to 20% to reduce the intensity 
of illumination. 

Lenses of 13" and longer focal length 
are termed telephoto types. It is the pur¬ 
pose of such a lens to bring “close-ups” 
of objects at relatively great distances 
from the camera. They are extremely 
popular for field events and are often 
used indoors where distances of 20 to 50 
feet and longer are involved in the tele¬ 
cast. The image of the object upon which 
the lens is trained is made large by sacri¬ 
ficing vertical and horizontal fields cov¬ 
ered, and depth of focus. 

A telephoto lens seldom has a built-in 
iris. Usually such a lens employs a light¬ 
weight “Waterhouse” type fixed stop of 
f:8, f:ll or f:22 aperture, easily inter¬ 
changed manually. An f :5.0 stop is maxi¬ 
mum for most telephoto designs. Fixed 
stops for telephoto applications present 
no great operational problems, since the 
image orthicon is adaptable over a wide 
range of light intensities by proper elec¬ 
trical adjustments. 

The use of the longer telephoto lens 
on a lens turret precludes the use of 
other shorter lenses on the same turret, 
since it comes into the angle of view of 
a shorter lens. An unusual lens in this 
respect, and one that at first thought is 

LENS BARREL 
TURRET PLATE 2a LENS ELEMENTS 

TOOTHED-LENS BARREL 
ROTATOR DRIVE 
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Figure 2.1 Q. Zoomar Lens. Courtesy Back Video Corporation. 
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fantastic, is the Reflectar, invented by 
Dr. Frank G. Back, noted optical scien¬ 
tist. Up until the development of the 
Reflectar, a lens of 40" focal length 
would necessarily be at least 40 inches 
long. Yet this lens, although it is of 40" 
focal length, is actually only 16 inches 
long, and contains no lens at all! It is 
capable of being mounted upon the regu¬ 
lar camera turret, with the other three 
lenses mounted as usual. 
The Reflectar is illustrated in Fig. 

2.11’, along with the inventor, Dr. Back, 
President of the Back Video Corporation. 
At the front of the “lens” housing may 
be noted a rotatable damper which may 
be adjusted to give an f:8 to f:22 stop 
opening. As stated above, this instru¬ 
ment does not employ a single lens in its 
construction. Four special type reflec¬ 
tors “bounce” the entering light beams 
back and forth in such a manner as to 
obtain high magnification. An object 5 
feet high and more than a block away 
from the lens may be made to completely 
fill the monitor screen. The Reflectar is 
used at distances greater than 70 feet, 
and is effective at 1000 feet or more. It 
may be readily realized that such a de¬ 
vice finds optimum application in sport¬ 
ing events of all kinds. 

There are only four main elements to 
this device other than the damper and 
housing. Light first enters an element 
known as the correction-plate, which is 
a mirror-reflector shaped in the form of 
a segment of a large sphere. From the 
correction plate the light is picked up by 
the three aluminized flat mirrors and 
bounced between them in such a manner 
as to obtain large optical magnification, 
then reflected onto the image orthicon 
photocathode. This ‘Tenseless lens” is 
capable of high resolving power and does 
not limit the total definition in any way. 

Another special type of telephoto lens 
was also invented by Dr. Back and is 
known as the Zoomar lens. This lens is 
shown in Fig. 2.IQ. The focal length (and 
therefore picture area covered) may be 
changed at will while in operation by 
means of a single push-pull lever oper¬ 
ated directly through the turret shaft of 
the camera. The operator may vary the 

covered area slowly and almost imper¬ 
ceptibly or suddenly in order to follow 
a ball in flight. This lens is used in 
studios but has found greatest applica¬ 
tion in outdoor sports events. The main 
limiting factor in the use of the Zoomar 
is available light; the lens requires a 
greater intensity of illumination than 
other telephoto lenses popular for field 
events. 

The Zoomar has two main Focal length 
ranges 3 to 13 inches and 5 to 22 inches. 
It features continuously variable F over 
these limits. Since it is 30" in length, the 
lens mounts upon a special turret with¬ 
out other lenses. The f:speed may be 
varied from f:5.6 to f:22. When using a 
focal length above 12", it is recom¬ 
mended that the widest stop used be f :8. 
Either range of F may be stopped down 
to f:22 when desired. According to the 
Back Video Corporation, when the lens 
is stopped to f:16, there is no appre¬ 
ciable difference in definition between 
the Zoomar and a good single purpose 
lens. At f:ll, the definition is equal to 
about 90% that of a good single pur¬ 
pose lens; at f:8, the definition equals 
about 80%. Used wide open at f:5.6, the 
definition is equivalent to about 75% 
that of a good single purpose lens. It has 
been found that the Zoomar works best 
when used with an image orthicon prac¬ 
tically free of infra-red response, such as 
types 5820 and 5826. 

The two main focal length ranges men¬ 
tioned above are accomplished by using 
the specified “front lens.” The “wide-
angle” front lens allows the 3" to 13" F 
range, and the “tele-front” lens allows 
the 5" to 22" F range. 
The complete mounting and adjust¬ 

ment procedures are given in Chapter 
9 on Operating Field Equipment. 

2.2 The Image Orthicon Pickup Tube 

There are several type numbers of 
image orthicons, varying in sensitivity, 
spectral response, and operating charac¬ 
teristics. All of them, however, are inter¬ 
changeable in the TV camera. Excep¬ 
tions, of course, are the special types 
designed for miniature industrial cir¬ 
cuits and other non-broadcast applica-
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Figure 2.2. RCA Type 2P23 Orthicon (Drawings from sample. Courtesy RCA). 
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tions. Fig. 2.2 illustrates the physical 
construction of the Type 21’23 image 
orthicon tube, popularly used in field 
cameras for out-of-doors pickups. 

Fig. 2.2A shows details of the Type 
5820 image orthicon. It may be observed 
that such a tube has two pin bases; the 
keyed 7-pin base around the outer rim 
at the back of the front projection of the 
tube, and the small-shell 14-pin base at 
the end of the electron gun. The “keyed 
jumbo annular” 7-pin base fits into the 
socket which is part of the deflecting coil 
assembly in the camera. The 14-pin 
socket, or end-base pins, fit into the 
diheptal socket at center of the coil as¬ 
sembly to the rear of the camera. Tube 
mounting details and methods of adjust¬ 
ments are described in Chapter 6 on 
Operational Technique. 

An image orthicon tube consists of a 
heater, cathode, 6 grids, 5 dynodes, 1 
anode, a photocathode, and a target. 
These components will be defined im¬ 

mediately, then each section of the tube 
will be described as to function in the 
following sub-parts of this section. 

Grid 1 is the control grid, and immedi¬ 
ately surrounds the emitting cathode of 
the electron gun. The potential on grid 
1 therefore serves to limit and control 
the beam current. 

Grid 2 is next to grid 1, and is termed 
the accelerating grid. The potential on 
grid 2 sets the velocity at which elec¬ 
trons leave the cathode. 

Grid 3 acts upon the return beam. Grid 
3 potential controls electron collection 
of dynode No. 2, and is adjusted in prac¬ 
tice for optimum picture quality. 

Grid 4 creates an electrostatic field 
which, in conjunction with current pass¬ 
ing through the focusing coil to form 
an electro-magnetic focusing field, causes 
the electron beam to be focused upon the 
rear of the target. 

Grid 5 is termed the deceleratoi- grid. 
The potential on this grid serves to ad-

SOCKET CONHECTIOHS 

Bottom View 

direction of licht 
PERPENDICULAR TO 
LARGE END OF TUBE 

SMALL-SHELL DI HEPTAL 14-Fli BASE 

PIN I: HEATER 
»»IN 2: GRID No.-4 

PIN 5: GRID No.3 
PIN 4: INTERNAL CONNEC¬ 

TION - Do NOT USE 
PIN b: DYNODE N .2 
PIN 6: DYNODE N 1.4 

PIN 7: ANODE 
PIN 8: DYNODE N -.5 

PIN 9: DYNODE No.3 
PIN 10: DYNODE No. I, 

GRID No.2 

PIN I I : INTERNAL CONNEC¬ 
TION-DO NOT USE 

PIN I.: GRID No.I 
PIS 14: CATHODE 
PIN 14: HEATER 

KEYED JUMBO ANNULAR 7-P'N BASE 

PIN I: GRID No.5 PIN 5: GRID No.5 

PIN 2: PHOTOCATHODE 
PIN 5: INTERNAL CONNEC- PIN ó: TARGET 

TlON - CD NOT USE 
PIN 4: INTERNAL CONNEC- PfN 7: INTERNAL CONNEC¬ 

TION - GD NOT USE TlON-00 NOT USE 

Figure 2.2A. Showing the two bases of an image orthicon tube and the physical dimensions. Also 
bottom view of sockets connections. Courtesy RCA. 
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Figure 2.2B. Typical dynode circuits of image 
orthicon tube. 

just the shape of the decelerating field 
between the target and grid 4 to obtain 
uniform electron bombardment of the 
entire target area. Its potential is low 
(+ 25 V) so that the forward beam is 
slowed down sufficiently to prevent the 
beam itself from producing secondary 
electron emission of the target. 

Grid 6 is in the image multiplier sec¬ 
tion at front of tube, between the photo¬ 
cathode and target, and is termed the 
accelerator grid. The potential on this 
grid serves to accelerate the incident 
photo-electrons from the rear of the 
photocathode over to the face of the 
target. 

The photocathode and target have al¬ 
ready been basically described in section 
1.2, Chapter One. 
It now remains to define the basic 

functions of the dynodes in the image 
orthicon pickup tube. A dynode is capa¬ 
ble of producing secondary electrons 
with high efficiency. It is recalled that the 
return beam which is modulated by the 
corresponding charge on the target at 
that particular scanning instant, is fed 
to an electron multiplier section before 
being impressed across the output re-
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sistor of the anode circuit. The simpli¬ 
fied schematic of Fig. 2.2B shows the 
connections of the dynode multiplier sec¬ 
tion. The return beam first impinges on 
dynode 1, which is the first dynode of 
the five-stage electrostatically focused 
multiplier. The multiplied electron beam 
then strikes dynode 2, and so on through 
the following stages to the anode. The 
modulated beam is thus amplified some 
500 times before reaching the anode. 

It should be remembered from section 
1.2, Chapter One, that less positive por¬ 
tions of the target correspond to dark 
portions of the scene, and more positive 
points correspond to the lighter points 
of the scene. Thus at the time of scan¬ 
ning the highlights of the scene, more 
electrons are robbed from the beam to 
neutralize the charge on the target, and 
the return beam is decreased in ampli¬ 
tude. This action causes the signal out¬ 
put voltage across Rll in Fig. 2.2B to 
change in the positive direction (less 
voltage drop across the load resistor). 
Thus the grid of the first video preampli¬ 
fier stage swings in the positive direc¬ 
tion for light portions of the scene and 
in the negative direction for dark por¬ 
tions of the scene. This is known as 
“black-negative” polarity. 

For the convenience of the reader and 
for future references in this text, the 
typical operation values for the various 
types of image orthicon tubes are given 
in the table of Fig. 2.2C. It may be ob¬ 
served that slight differences in typical 
voltages of dynodes and anodes exist, 
with most of the voltages and currents 
being the same for all types. 

The major difference between image 
orthicon tubes is the sensitivity rating 
and spectral response. For example the 
sensitivity values are as follows: 

Type2P23: Highlight illumination on 
photocathode for maximum output: 
with 2870° K Tungsten illumina¬ 
tion or daylight: 0.07 ft-c 

with white fluorescent 
illumination: 0.15 ft-c 



TYPICAL OPERAIiON AND CHARACTERISTICS 

Cn 
Cn 

*Ad¡ustable from —3 to +5 volts. Table 2.2C. 

2P23 Type 5655 Type 5820 Type 5826 Type 

1. Photocathode Voltage (Image Focus) — 300 to —500 volts — 300 to —500 volts — 300 to —500 volts — 300 to —500 volts 

2. Grid No. 6 Voltage (Accelerator) 80% P. C. Volts — 240 to —400 volts — 240 to —400 volts — 240 to —400 volts — 240 to —400 volts 
3. Target Voltage*. 0 volts 0 volts* 0 volts* 0 volts* 
4. Grid No. 5 Voltage (Decelerator) 0 to 1 00 volts 0 to 1 00 volts 0 to 1 00 volts 0 to 1 00 volts 
5. Grid No. 4 Voltage (Beam Focus). 1 60 to 240 volts 1 60 to 240 volts 1 60 to 240 volts 1 60 to 240 volts 
6. Grid No. 3 Voltage . 225 to 330 volts 225 to 330 volts 225 to 330 volts 225 to 330 volts 

7. Grid No. 2 (Dynode No. 1) Voltage 300 volts 300 volts 300 volts 300 volts 

8. Grid No. 1 Voltage (for picture cut-off) — 45 to — 1 15 volts — 35 to —100 volts — 45 to —115 volts — 45 to —115 volts 

9. Dynode No. 2 Voltage. 60Ô volts 600 volts 600 volts 600 volts 
10. Dynode No. 3 Voltage. . 880 volts 800 volts 880 volts 800 volts 
1 1. Dynode No. 4 Voltage. 1 1 60 volts 1 000 volts 1 1 60 volts 1 000 volts 

1 2. Dynode No. 5 Voltage . 1 450 volts 1 200 volts 1 450 volts 1 200 volts 

1 3. Anode Voltage 1 500 volts 1 250 volts 1 500 volts 1 250 volts 

14. Anode Current. 50 microamperes 100 microamperes 50 microamperes 50 microamperes 

1 5. Target Temperature Range 35 to 60 degrees C. 45 to 60 degrees C. 35 to 60 degrees C. 45 to 60 degrees C. 

16. Minimum Peak-to-Peak Blanking Voltage 1 0 volts 1 0 volts 1 0 volts 10 volts 

17. Focusing Coil Current (approx.) 75 milliamperes 75 milliamperes 75 milliamperes 75 milliamperes 

18. Deflecting Coil Current (approx.): 
Horizontal (Peak-to-Peak) 
Vertical (Peak-to-Peak) 

625 milliamperes 
290 milliamperes 

625 milliamperes 
290 milliamperes 

625 milliamperes 
290 milliamperes 

625 milliamperes 
290 milliamperes 

19. Alignment Coil Current (approx.) 0 to 30 milliamperes 0 to 30 milliamperes 0 to 30 milliamperes 0 to 30 milliamperes 

Details of the Television Camera 
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Figure 2.2D. Spectral sensitivity curves for 4 types of image orthicon pickup tubes. Curve "C" for 
types 5820 and 5826 tubes shows the spectral characteristics of the "average" human eye. Curve 
"A" is the average spectral response of the naked pickup tube (no corrective filters). Curve “B" shows 
the spectral response when a Wratten No. 6 filter is used with the lens system. This curve very closely 

approaches that of the human eye. Courtesy RCA. 
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Type 5655: Highlight illumination on 
photocathode 

for maximum signal output: 
using “Daylight” fluorescent 
lamps: 0.3 ft-c 

Type 5820: Highlight illumination on 
photocathode 

for maximum signal output : 
with 2870° K Tungsten illumina¬ 

tion, daylight, or white fluores¬ 
cent: 0.01 ft-c 

Type 5826 : under same lighting as 
above : 0.04 ft-c 

The spectral sensitivity and response 
curves are shown in Fig. 2.2D. 

In the following subsections, each 
principle part of the image orthicon 
pickup tube is described in detail. 
The Image Section 

Reflected light from the scene being 
televised is gathered by the lens, trans¬ 
mitted through the face plate of the 
image orthicon, and optically focused 
upon the photocathode. The basic action 
is illustrated in Fig. 2.2E. 

The photocathode is a semi-transpar¬ 
ent, photo-sensitive surface. This means 
that when light rays strike the front sur¬ 
face, electrons, called photo-electrons, 
are caused to be released from the back 
of the surface. These released electrons 
are in proportion to the intensity of the 
light striking the area. 

Using the data given in the previous 
section as to sensitivity of various types 
of tubes used for image pickup, the 

reader may see at this point the relation¬ 
ship of the tube used to the required 
amount of lighting in the studio or field. 
As an example, the Type 5820, which is 
of exceptional sensitivity, requires only 
0.01 foot-candles of light on the photo¬ 
cathode tw obtain maximum signal out¬ 
put. It is apparent that sufficient illumi¬ 
nation must be present in the scene to 
give this amount of light onto the photo¬ 
sensitive surface if maximum perform¬ 
ance is to be achieved. 

The amount of illumination reaching 
the photocathode is related to the actual 
scene illumination as follows: 

(4F) (IP.) (m + 1)’ 
L =-

TXR 
where: I. = scene illumination in foot¬ 

candles 
f = f: number of lens 
I„c = photocathode illumination 

in foot candles 
m = linear magnification from 

scene to target 
T = total transmission of lens 
R = reflectance of principal 

subject in scene 
This is not as complex as it appears at 

first glance. The linear magnification 
(m) may be neglected except for ex¬ 
treme close-ups. Assuming we are using 
the 5820 tube with a lens stopped to f:8, 
having a transmission (T) of 70%. As¬ 
sume also that we are televising a test 
card composed of blacks and whites, 
where we may take the reflectance value 
(R) at 50%. Since we should allow some 
safety margin, a photocathode illumina-

Figure 2.2E. Image section of image orthicon pickup tube. When light rays str ke the photocathode, 
photo-electrons are caused to be released from the rear of *he surface. These electrons are in pro¬ 

portion to the intensity of the light striking the area. 
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TUNGSTEN, DAYLIGHT, OR 
WHITE FLUORESCENT LIGHT 

PHOTOCATHOOE (lN FOOT-CANDLES) 

Figure 2.2F. Typical signal output of type 5820 
image orthicon. In practice, the circuits are oper¬ 
ated so that the highest highlights of the scene 
being televisecf brings the image orthicon just 
above the “knee" of the operating curve. Thus, 
in the operating range, an exact replica (in am¬ 
plitude) of output signal is obtained of the light 
striking the photocathode, and good contrast is 
obtained. Compare this to class “A" amplifier 
operation in conventional radio theory, with this 
important difference: the scales are logarithmic, 
corresponding to the response of the human eye. 

tion of 0.02 foot-candles (instead of 
0.01) in the calculations. Therefore the 
theoretical intensity of scene illumina¬ 
tion should be: 

4 X 8’X 0.02 5.12 
I, =-=-= 14.6 ft-c 

0.70 X 0.50 0.35 
Thus 14.6 foot-candles would be re¬ 

quired for the test chart. (Actually there 
are other factors here as will be an¬ 
alyzed in Chapter 6). Also, the reader 
must realize that for scenes w’here prin¬ 
ciple subjects may have reflectance 
values much lower, the intensity of il¬ 
lumination required for the pickup would 
be correspondingly higher. 

In practice, the image orthicon is oper¬ 
ated so that the highest highlights of the 
scene being televised brings the tube 
just above the “knee” of the operating 
curve. Fig. 2.2F illustrates a typical 
curve (ratio of typical output signal in 
microamperes to photocathode illumina¬ 
tion) , and shows the “knee” of the curve 
often referred to in manufacturers in¬ 
structions. It is seen that over the operat¬ 
ing range of the curve, an output directly 
relative to the photocathode illumination 
is obtained. This may be compared to a 
class “A” amplifier curve in conventional 
amplifier theory, with this important dif-

58 • 

ference: the scales upon which the linear 
portion of the curve occurs are logarith¬ 
mic, corresponding to the response of 
the human eye. 

The Image Multiplier Section 

The image multiplier section consists 
of the photocathode described in the 
previous section, an “electron lens sys¬ 
tem” consisting of the electromagnetic 
field from the focusing coil and the elec¬ 
trostatic field of the accelerator grid, and 
a target. See Fig. 2.2G. The photocath¬ 
ode is approximately 1.6" across the di¬ 
agonal. The target is a very thin glass 
disc with an extremely fine wire-mesh 
screen closely spaced to it on the photo¬ 
cathode (face) side. 

When the photoelectrons are released 
from the back of the photocathode by the 
incident light rays from the lens, they 
enter the electromagnetic and electro¬ 
static fields of the electron lens system. 
Focusing (as distinguished from optical 
focusing of the lens) of the electron 
beam is accomplished by the focusing 
coil current. The accelerator grid No. 6 
provides the accelerating field. 
Typical operating potentials are: 

photocathode, -400 volts, accelerator 
grid, -320 volts, target voltage approx. 
0, and the target screen at ground po¬ 
tential or slightly negative. Therefore 
the photoelectrons are accelerated with 
about 400 volts by the time they pass 

Figure 2.2G. The released photoelectrons from 
the photocathode are accelerated, by about 400 
volts, to the target. Secondary electrons are 
emitted from the glass target by an amount de¬ 
pending upon the intensity of the photoelectrons 
at that point, and collected by the wire screen at 
the face of the target. At points on the target 
where this occurs, a deficiency of electrons re¬ 

sults, leaving the point positively charged. 
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Figure 2.2H. Showing the action of the target as 
secondary electrons are bounced out of the glass. 
Since that point is deficient in electrons due to 
this release, the point becomes charged with a 
posit ve potential. Therefore, the corresponding 
point at the rear of the target beccwnes charged 
positive, since electrons rush to the front to the 

positive charge there. 

through the fine wire screen to hit the 
target. Upon striking the target, second¬ 
ary electrons are emitted from the glass 
target and these secondary electrons are 
collected by the adjacent wire screen. 

Fig. 2.2H shows what occurs when a 
beam of photoelectrons strike a point 
on the glass target. The secondary emis¬ 
sion of electrons at that point may be 
considered to be attracted to the screen 
and passed off to ground. This leaves that 
point of the target deficient in electrons, 
therefore positively charged. Since elec¬ 
trons from the back of the target will be 
attracted to the front to neutralize this 
electron deficiency, the corresponding 
point on the back of the glass will be¬ 
come charged positively. Thus it is evi¬ 
dent that the extent of the charge at any 

point on the target will depend upon the 
intensity of the photoelectrons striking 
that point, becoming more positive as the 
light intensity is increased. 

The Scanning Section 
Elements comprising the scanning sec¬ 

tion are illustrated in Fig. 2.21. The elec¬ 
tron gun is conventional, of the type 
found in cathode ray tubes. The emitted 
electrons are formed into a beam by the 
combined action of the focusing coil, and 
grids 2, 4 and 5. Grid 3 has little effect 
on the forward motion of the beam, but 
acts upon the return beam as described 
later. 

As the beam of electrons are caused 
to focus upon the rear of the target by 
the above action, control pulses (scan¬ 
ning sawtooth) applied to the Horizontal 
and Vertical deflection coils cause the 
beam to sweep across the target in ac¬ 
cordance with the prescribed standards. 
(Sections 1.5 and 1.10, Chapter One). 
If no positive charge exists at the tar¬ 
get (lack of light, or black portions of 
the scene), the electron beam will be re¬ 
pelled by the ground potential (or 
slightly negative potential) of the tar¬ 
get. Therefore the entire beam of elec¬ 
trons will be returned in the form of a 
return beam which is equal to the for¬ 
ward beam. When a portion of the target 
is positive (corresponding to a light por¬ 
tion of the scene), some of the electrons 
of the beam will be extracted to neutral¬ 
ize the positive charge at that point. 
Naturally, the greater the positive 

Figure 2.21. Scanning section of image orthicon pickup tube. 
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charge (the lighter the scenic point), the 
more electrons extracted from the beam. 
Thus the return beam from the rear of 
the target is amplitude modulated in 
accordance with the corresponding light 
variations of the original set-up before 
the camera lens. 
The H & V deflection coils through 

which the deflection currents pass are 
located within the long focusing coil 
which extends almost the full length of 
the image orthicon. The deflection coils 
extend only along the scanning portion 
of the tube, and are prevented from af¬ 
fecting the image section by a metal 
shield oriented about the target section. 
The alignment coil shown at the gun end 
of Fig. 2.21 creates a transverse mag¬ 
netic field which serves to impart an in¬ 
itial alignment to the electron beam, al¬ 
lowing exact control for any slight ir¬ 
regularities of alignment between gun 
and target, between different tubes. 

The Electron-Multiplier Section 
The sensitivity of the image orthicon 

as compared to earlier types of pickup 
tubes is due both to the image multi¬ 
plier section, described earlier, and the 
electron multiplier action now to be de¬ 
scribed. The essential components of the 
electron multiplier section are shown by 
Fig. 2.2J. 
As the modulated electron beam from 

the rear side of the target starts its re¬ 
turn journey, it re-enters the field of grid 
4 which, it should be noted, is a w’all coat¬ 

ing along the tube held at a potential of 
approximately 120 volts. Therefore by 
the time it enters the field of grid 3, the 
beam has a tendency to spread, which is 
called fringing. In so doing, it strikes 
the surface of grid 2, which is also the 
No. 1 dynode. A dynode is coated with 
material of high secondary electron 
emitting characteristic, and for each 
electron striking its surface, emits sev¬ 
eral additional electrons. Dynodes actu¬ 
ally consist of flat vanes inclined at an 
angle of 40 degrees to the axis of the 
structure. Fig. 2.2K show's an approxi¬ 
mate representation of a dynode. The 
screen is used to prevent distortion of 
the electrostatic field by the dynode 
vanes. These vanes radiate from the 
center of the tube much like spokes of a 
wheel. 

The electrons released from dynode 1 
enter the field of grid 3, and the acceler¬ 
ating field of dynode No. 2. Grid 3 
provides a more complete collection by 
dynode 2 of the released electrons. The 
acceleration through the five stage elec¬ 
trostatically focused multiplier may be 
more clearly understood by observing 
typical operating voltages of, for ex¬ 
ample, the Type 5820 image orthicon. 
Dynode voltages are as follows: 

Dynode 1 (grid 2).. 300 volts 
Dynode 2 . 000 volts 
Dynode 3 . 880 volts 
Dynode 4 .1160 volts 
Dynode 5 .1450 volts 
Anode voltage.1500 volts 

Figure 2.2J. Simplified diagram of dynode section of image orthicon pickup tube. 
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Figure 2.2K. Structure of dynode vane and il¬ 
lustration of electron path. 

The much amplified return beam cur¬ 
rent from the final dynode No. 5 is at¬ 
tracted to the anode which serves as the 
signal plate for the pickup tube. Useful 
signal output current of several micro¬ 
amperes through the load resister is ob¬ 
tained, and picture “noise” is dependent 
only upon the actual “shot effect ’ of the 
electron beam itself. Signal output is 
well above the noise level of the input 
preamplifier stage. 

Image Orthicon Operating Tempetatares 

The electrical resistivity of the glass 
target is affected by temperature. The 
extreme ranges of operating tempera¬ 
ture are approximately 35 to 60 degrees 
centigrade. The optimum temperature is 
in the neighborhood of 45 degrees. 45 de¬ 
grees centigrade is 113 degrees fahren¬ 
heit. (tf = 1.8 te + 32). When the tem¬ 
perature is too low, the electrical resis¬ 
tivity is higher than at proper tempera¬ 
ture, hindering the transference of elec¬ 
trons to the screen. This results in the so-
called “sticking picture” of opposite po¬ 
larity from the original upon movement 
of the televised object. When the tem¬ 
perature is too high, the electrical resis¬ 
tivity is decreased to the point where loss 
of resolution occurs, since random elec¬ 
trons travel too easily from point to 
point of the atomic regions. Permanent 
damage may result to the target with 
high temperature. 

Temperature control of a television 
camera tube used in studios is provided 
by a cooling blower, since heat from the 
coils and tubes is sufficient to bring the 
operating temperature high encugh, and 
the cooling air then provides the neces¬ 
sary control. In cases where the camera 

is used out of doors in cold weather, such 
as a football game, a target heater may 
be necessary to bring the temperature 
up to normal value. This heater fits be¬ 
tween the focusing coil and the bulb near 
the shoulder of the tube. The cooling 
blower directs air along the bulb surface. 
The cooler is seldom needed in ordinary 
studio applications, but is sometimes re¬ 
quired when used in direct sunlight or in 
particularly hot locations. 

In practice, a very close approxima¬ 
tion may be made of target temperature 
by measuring the temperature of the 
glass bulb adjacent to the target. This 
temperature will be essentially the same 
as that of the target. 

2.3 Circuits for the Image Orthicon 

Fig. 2.3A illustrates the Du Mont tele¬ 
vision camera with side doors open. The 
top section constitutes the electronic 
viewfinder, and is detachable from the 
lower section. The lower assembly is the 
pickup head. The lower section contains 
the image orthicon tube and associated 
coils (II and V deflection, focusing, and 
alignment coils), the video preamplifier, 
H and V deflection amplifiers (sweep cir 
cuits), and the blanking circuits. 

For the purpose of making this analy¬ 
sis as practical as possible, a typical 
commercial camera circuit will be de¬ 
scribed. Although circuits vary between 
different manufacturers, the same prin¬ 
ciples are carried out. The camera de¬ 
scribed herewith is the Du Mont Type 
5098-A pickup head, illustrated in Fig. 
2.3A. 

Fig. 2.3 B is the complete schematic 
diagram of the connections made di¬ 
rectly to the image orthicon tube. The 
Type 2P23 is shown, but any of the 
broadcast type image orthicon tubes 
may be used with proper voltage ad¬ 
justments. 

It should be remembered that the pick¬ 
up tube (designated as V98-1 in the dia¬ 
gram), has two base-pin terminals; the 
7-pin annular terminations at the rear 
of the image section, and the smaller 14-
pin diheptal base-pins at the extreme end 
of the tube (the electron gun end). These 
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V LINEARITY 

Figure 2.3A. DuMont type 5098-A Television camera. The upper section is tne electronic viewfinder 
described in the next section. The lower section is the pickup head. This contains the image orthicon 
tube (not visible), the video preamp, H and V deflection generators and H and V blanking generators. 
Image orthicon controls may be seen along the lower left-hand corner of the photo and vertically 

along the right edge. These controls are discussed in the text. Courtesy DuMont. 

end base-pins fit into a diheptal 14-pin 
socket at the center of the coil assembly, 
the 7-pin base slides into a keyed jumbo 
annular 7-pin socket which is part of the 
deflection yoke assembly. The tube is in¬ 
stalled by inserting the 14-pin end base 
through the coil assembly and then turn¬ 
ing the tube until the annular base pins 
(keyed by pin No. 7) can be inserted in 
the annular socket at the rear of the de¬ 
flection yoke. These pins may then be 
pushed into their socket, which also fits 
the 14-pin base into its respective socket. 
When properly installed, a white line 
which is on all pickup tubes on the front 
of the tube will be at the bottom, and an¬ 
other white line on the rear of the tube 
will be on top. This is standard in all 
makes of TV cameras. 

Details of installation and setup of 
the entire assembly are given in Chapter 
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6. It is necessary, however, at this point 
to become accuainted with the actual 
electrical circuits. Electrical adjust¬ 
ments are also described in Chapter 6. 
Such adjustments, of course, would be 
meaningless unless the operator is fa¬ 
miliar with the actual circuitry, which is 
the subject now under consideration. 

Note first the pin terminals at the 7-
pin annular socket of the 2P23 in Fig. 
2.3B. Pin PC is the photocathode con¬ 
nection, and runs to terminal A of the 
diagram This terminal receives its volt¬ 
age from the “PC Focus Control” on the 
camera control unit in the control room. 
It is a negative potential, adjustable in 
the control unit from —250 to —440 
volts. Resistor R98-36 and capacitor 
C98-11 serve to by-pass stray signals 
picked up by the runs of interconnecting 
cables. Pin G6 is the image accelerator 
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electrode (grid No. 6), whose voltage is 
fixed, by the resistors in the lead shown, 
to approximately 80% of the photocath¬ 
ode voltage. (See typical operation 
values of image orthicon tubes, section 
2.2). Pin T is the target mesh, the 
shielded lead running to terminal E on 
the diagram. This terminal receives volt¬ 
age from the “Target Voltage Control” 
on the camera control unit in the control 
room. This voltage is within a few volts 
plus or minus of ground reference. The 
voltage lead wire up to the target pin 
must be well shielded to prevent possible 
pickup from the sweep fields. The re¬ 

maining pin of the 7-pin annular base 
which uses external connections (two 
pins on this socket are internally con¬ 
nected) is Pin G5. This pin is connected 
to the beam decelerating electrode Grid 
No. 5. The voltage to this terminal may 
be varied from 0 to plus 100 volts, the 
average setting being about 25 volts. Re¬ 
sistor R98-34 sets this voltage, and is ad¬ 
justed at the camera. 

We may now progress to the pin con¬ 
nections which constitute the 14-pin di¬ 
heptal base end. Pin 12 is grid No. 1, and 
the lead wire runs to terminal B on the 
diagram. This connects to the “Beam 

Figure 2.3B. Image orthicon circuits, DuMont TV camera type 5098-A. CouCesy DuMont. 
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Current Control” on the camera control 
unit in the control room. Grid No. 1 volt¬ 
age is negative and is variable between 
—5 and —85 volts, depending upon the 
adjustment at the control unit. Pin 10 is 
Grid No. 2 and Dynode No. 1. Its poten¬ 
tial is aproximately 300 volts positive. 
Pins 5, 9, 6, and 8 are dynode numbers 
2, 3, 4, and 5 respectively. The dynodes 
operate at progressively higher poten¬ 
tials; for the 2P23 they run GOO, 880, 
1160, and 1450 volts. The resistance-ca¬ 
pacitance networks serve to decouple the 
dynodes from the power supply. Pin 7 
is the anode or signal plate which collects 
the multiplied electron stream constitut¬ 
ing the video signal from the dynode No. 
5. The corresponding video signal pro¬ 
duces a voltage drop across R98-43, 
which is applied to the first stage of the 
video preamplifier. Pin 2 is the wall coat¬ 
ing constituting Grid No. 4, which pro¬ 
vides the most effective beam focusing 
for the target scan. Its potential is be¬ 
tween plus 150 and 230 volts, determined 
by the amount of focus coil current. The 
remaining pin which is used is Pin 3, 
Grid No. 3 in the image orthicon. This 
grid is the first electrode in the electron 
lens system, next to the beam gun. Grid 
No. 3 may be varied between plus 150 
and 300 volts by the potentiometer R98-
28, located in the camera head. C98-8 
serves to bypass spurious signals which 
otherwise might modulate the dynode 
electrons. 

L98-5, the orthicon focus coil, is con¬ 
nected at one end to the plus 300 volt bus, 
and at the other end (terminal D) to 
the focus coil current regulator. The 
focus coil current is usually in the vicin¬ 
ity of 65 milliamperes. Current through 
the alignment coil (L98-6) is adjusted 
by R98-79, a potentiometer located in the 
camera head. In practice, this coil is both 
rotated about the axis, and its current 
varied, for maximum video signal ob¬ 
tainable with correct shading. 

It is noted that the anode and dynodes 
obtain their potentials from a high-volt¬ 
age (3.5 kilovolts) rectifier. This voltage 
is dropped across resistors R98-7 
through R98 12, to the arm of switch 

Figure 2.3C. Video preamplifier as used in Du¬ 
Mont type 5098-A pickup head. 
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SW98-1, allowing voltage adjustment 
from 900 to 1500 volts. This adjustment 
prevents overloading of the last dynodes 
that might occur from the more sensi¬ 
tive image orthicon tubes. The switch 
and resistor network allows a voltage 
adjustment to be made without a change 
in bleeder current, which would other¬ 
wise vary the load on the horizontal 
sweep circuits. (The “flyback” circuit 
rectifies the horizontal sweep puise rapid 
change through an inductance which 
provides the high voltage, hence any 
change in the load of this rectifier would 
affect the stability of the H sweep cir¬ 
cuit). The flyback rectifier will be dis¬ 
cussed presently in this section. 

The signal voltage from the image 
orthicon tube is amplified by a video pre¬ 
amp located in the pickup head. Fig. 2.3C 
shows the schematic of the amplifier for 
the Du Mont camera under discussion. 
This allows sufficient amplication of the 
picture signal to adequately transmit 
the signal over a coaxial cable to the as¬ 
sociated camera control unit in the con¬ 
trol room, well above any random noise 
level. The preamp of Fig. 2.3C uses four 
6AK5 voltage amplifiers, and a 5J6 cath¬ 
ode follower to feed the coax ai cable. 
The first stage (V98-2 in diagram) is 
shunt-peaked (described in section 2.4), 
and the plate and screen supply is de¬ 
coupled from the supply used fen' the rest 
of the preamp by R98-48 and C98-1G. 
The second stage V98-3 is also shunt¬ 
peakeel and contains a gain conf rol in the 
form of a potentiometer in the cathode 
circuit. This control is located in the 
pickup head and may be adjusted by the 
cameraman. The setting of this gain con¬ 
trol is determined by a number of factors 
and must be adjusted in close coopera 
tion with the camera control unit opera 
tor in the control room. The third stage, 
known as the “high-peaker,” V98-4 
works into L98-3 and R98-56 constitut¬ 
ing the plate load of the tube. This is a 
high-frequency compensation network to 
boost the highs in direct relation to those 
lost by the shunt capacitances in the in¬ 
put circuit of the preamp. The control 
is made variable to allow for changes of 

tubes, aging of components, etc., which 
might affect the effective capacitances. 
The fourth stage V98-5 is a shunt-
peaked voltage amplifier driving the 6J6 
double triode cathode-follower output 
stage. Such stages are used in TV sys¬ 
tems, since transformers are inadequate 
for extremely wide bands. The crystal 
diode CR-98-1, across the 1 meghom re¬ 
sistor R98-59 in the grid circuit of the 
6J6 is used to prevent overloading of the 
stage by extreme white peaks. As the 
grid swings positive over a pre-deter¬ 
mined value, the crystal will conduct to 
the ground thus avoiding an overload. 
One output of this stage feeds the cam¬ 
era control unit, the other is used to feed 
the electronic viewfinder of the head. 
Tubes connected as cathode-followers 
have no signal gain, but effectively 
match the circuit output impedance to 
the 75 ohm transmission line. 

Fig. 2.3D illustrates the schematic of 
the remaining portion of the pickup 
head circuits. Horizontal driving pulses 
timed from the H sync pulses, are re¬ 
ceived from the sync generator through 
the camera control unit, on terminal No. 
3 (lower right) of the diagram. These 
pulses trigger one-half of V-98-11, the 
6J6 horizontal blocking oscillator, 
through the trigger winding on the 
transformei' T98-2. Trace this out on the 
diagram of Fig. 2.3D, and follow the de¬ 
scription. Remember it is the purpose in 
this part of the circuit to generate a 
sawtooth scanning wave triggered by the 
horizontal line frequency of 15,750 cps. 

A blocking tube oscillator of the type 
described here is common in sawtooth 
wave form generation, when it is neces¬ 
sary to synchronize its action with a defi¬ 
nite time-displacement of operation. 
Such a circuit forms the trace of the 
sawtooth waveform when the blocking 
tube is not conducting. and the retrace 
is formed when the blocking tube is con¬ 
ducting. Referring to Fig. 2.31), the se¬ 
quence of operation for the blocking 
oscillator V98-11 (upper right hand 
tube), is as follows: 

When the grid, pin No. 5, swings posi¬ 
tive, plate current increases and plate 
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voltage decreases. The increased voltage 
drop across the transformer primary 
(T-98-2) is coupled into the secondary 
winding with such polarity as to rein¬ 
force the positive swing of the grid. This 
is known as a feedback cycle which 
drives the grid positive to a point where 
no further increase is obtained in the 
plate current. At this time, transformer 
feedback ceases (no current change 
through the inductance), and grid volt¬ 
age falls off rapidly. Therefore plate 
current rapidly decreases and plate volt¬ 
age increases. The new change in plate 
current appears in voltage of opposite 
polarity across the primary, initiating 
a negative voltage upon the grid and 
therefore a new feedback cycle of oppo¬ 
site polarity. At this time the tube is 
biased well beyond cut-off, and is not 
conducting. The large negative charge 
on the grid capacitor C98-41 (due to the 
previous grid current flow) begins to 
flow through the grid resistor R98-78 
while the tube remains non-conducting. 
When the capacitor discharges, the grid 
will again reach a potential allowing the 
tube to start conduction. The time al¬ 
lowed for the capacitive charge to leak 
off is determined by the time-constant 
of the RC combination, determining the 
frequency of the sawtooth. 

The second section of this tube is the 
discharge section. The grids are tied to¬ 
gether, therefore receiving the same 
charges simultaneously. When the oscil¬ 
lator section is conducting (grid posi¬ 
tive) , the discharge section also conducts 
since its grid is also positive. When the 
grids become negatively biased, the ca¬ 
pacitor- in the plate circuit of the dis¬ 
charge section slowly charges through 
resistors R98-7G, R98-73 (adjustable), 
and R98-75. This generates the trace 
portion of the sawtooth waveform. When 
the tube is triggered by the driving pulse 
causing the tube to conduct, the capaci¬ 
tor rapidly discharges, generating the 
retrace portion of the waveform. 

Due to the action of the blocking oscil¬ 
lator which is being triggered at the 
horizontal frequency, the second section 
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Figure 2.3D. Above and right. Courtesy DuMont. 

of this tube (the discharge, section, or 
sawtooth generator) will have its plate 
driven almost to ground potential at the 
end of each sweep. During the sweep in¬ 
terval when the blocking oscillator is 
not triggered, plate voltage rises in saw¬ 
tooth (linear) form. This sawtooth volt-
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Figure 2.3D. Center and lower. Courtesy Du Mont. 
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tage is applied to the V98-8, a 6BG6-G 
driver tube. It may be seen from the dia¬ 
gram that the top of the deflection trans¬ 
former T98-1 is connected to the top of 
the horizontal deflection coil (across the 
damper tube V98-7 to be described). 
When the driver tube is conducting, cur¬ 
rent in the H deflecting coil is increasing 
as shown in Fig. 2.3E. When the driver 
tube rapidly decreases conduction, the H 
coil current also rapidly decreases as 
shown in Fig. 2.3E. It is well known that 
a rapid change of current flowing 
through an inductance will create a volt¬ 
age surge dependent upon the rate of 
change of the current and the self-in¬ 
ductance of the coil. This is the source of 
voltage for the high voltage (“flyback 
type”) rectifier shown in the diagram as 
V98-9. This interval is the “flyback 
time.” The yoke inductance and its dis¬ 
tributed capacitance is said to “ring” in 
a damped oscillatory fashion for about a 
half cycle. The tube which now comes 
into operation is the stage V98-7, a 6AS7 
damper tube. This tube now conducts 
and causes current to flow through the 
H coil in the direction shown by Fig. 
2.3E. Thus it may be seen that the scan¬ 
ning (sawtooth) current through the H 
deflecting coil is supplied alternately by 
the driver and the damper tube. In prac¬ 
tice, it will be found that the driver tube 
supplies sweep for the right side of the 
picture, and the damper tube supplies 
sweep for the left portion of the picture. 
This will be explained in detail later in 
this section. 

Resistor R98-73 in the discharge tube 
circuit is a control located in the camera 
head (marked “H Saw” in diagram) 
provides a discharge time-constant for 
adjusting sweep linearity. It is found in 
practice that this control affects the size 
and linearity of the picture on the right¬ 
hand side of the raster. R98-69 marked 
“H Size” adjusts the screen voltage of 
the driver tube. It affects the size of the 
overall picture, since this affects the 
peak current drawn by the H deflection 
coil. Two linearity controls are shown 
in the damper tube circuit, one in the 
grid circuit, and one in the cathode cir¬ 

cuit. These control the phase and extent 
of conduction of the damper tube, and 
affect the linearity of the left-hand side 
of the picture. The “horizontal center¬ 
ing control” R-98-62 adjusts the amount 
of an externally applied direct current 
through the H deflection coil, serving to 
center the sweep. Another control in the 
pickup head not yet discussed is R98-72 
in the grid circuit of the driver tube, 
marked “H Peak.” This is a feedback ad¬ 
justment to prevent the driver tube from 
conducting at too early a time which 
would upset the proper transition of cur¬ 
rent from the damper tube to the driver 
stage. 

The vertical deflection circuits are 
shown in the diagram at the center’ of 
the drawing. This circuit operates upon 
the same principle as described above, 
but is at much lower frequency (GO cps 
as compared to 15,750 cps) and there¬ 
fore is somewhat different in circuitry. 
The coil of the vertical yoke is largely 
resistive at 60 cps, therefore no large 
surge of voltage occurs during retrace. 
Thus there is no “ring,” or oscillation 
to be damped out, and no damper tube 
is employed. The vertical deflection cir¬ 
cuits therefore consist of the blocking 
oscillator-discharge tube V98-13, the 
driver tube V98-12, and the deflection 
transformer and yoke combination. 
There are four controls located in the 
pickup head for the vertical sweep cir¬ 
cuits. The control marked “V Saw” in 
the diagram, R98-86, adjusts the time 
constant of the sawtooth generation, and 
affects the vertical size of the picture. 
This is in the plate circuit of the vertical 

Figure 2.3E. 
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discharge tube. The control marked “V 
Peaking,” also in the plate circuit of this 
type, supplies a trapezoidal component 
of voltage which assists the start of the 
sweep conduction. The vertical linearity 
is controlled by R98-83 in the cathode of 
the driver tube (marked “V Lin” in dia¬ 
gram). Centering of the vertical sweep 
is affected by passing direct current 
through the yoke, and controlling the di¬ 
rection of flow by means of the center¬ 
tapped potentiometer R98-81 marked 
“Vert Cent.” 

It should be recalled that the sweep 
must be blanked at the target at the 
time of the retrace, to prevent the re¬ 
trace lines from being visible, and the 
generation of spurious signals caused 
bj retrace action on the target charge. 
Blanking circuits which accomplish this 
function are shown at the bottom of the 
diagram, Fig. 2.3D. The same horizon 
tai and vertical driving pulses used to 
trigger the sawtooth H and V scanning 
generators, are used to trigger the II 
and V blanking generators. The circuits 
in this diagram are multivibrators, and 
the basic principles of such a circuit will 
be presented at this time before an 
analysis of the diagram. 

Fig. 2.3F illustrates a basic multivi¬ 
brator circuit. Essentially, such a cir¬ 
cuit provides feedback action between 

two tubes (usually a single duo-triode 
type) so that one tube conducts while the 
other is non-conducting, then vice-versa 
on the succeeding alternation. The simi¬ 
larity of circuit action to the blocking 
tube oscillator described above will be¬ 
come obvious in the following discus¬ 
sion. 

Assume for the moment that the grid 
of T2 is swinging in the positive direc¬ 
tion. Plate current of T2 will increase, 
and since this current is flowing through 
the common cathode resistor R2, T1 re¬ 
ceives a negative bias. (Grid more nega¬ 
tive with respect to cathode due to in¬ 
creased voltage drop across R2). Thus 
the plate current of T1 decreases, and its 
plate voltage increases. As T1 plate volt¬ 
age increases, the grid of T2 increases 
still further in the positive direction, 
thus reinforcing the initial increase in 
T2 grid voltage in the positive direction. 
Here it may be seen that tube T1 is serv¬ 
ing as the feedback tube, similar to the 
transformer action in the blocking tube 
type of oscillator described above. The 
grid of T2 increases in the positive di¬ 
rection until no further increase of T2 
plate current is able to take place. At 
this time, since no further change of 
plate current occurs, feedback ceases 
and T2 grid voltage begins to decrease, 
and the feedback cy< le is reversed. Since 
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the bias is now decreased on Tl, its plate 
current increases (tube starts conduct¬ 
ing) , and the resulting reduced plate 
voltage on Tl drives the grid of T2 into 
the region of bias below cut-off. T2 then 
remains non-conducting until the capaci¬ 
tor Cl discharges through R4 and R5 to 
the point where T2 may again conduct. 
During this interval, capacitor C2 is 
charging through resistors R6 and R7, 
and the sweep of the sawtooth is formed 
as shown in the diagram. When T2 
starts conducting, capacitor C2 rapidly 
discharges through the tube, and the 
sawtooth waveform returns rapidly to 
zero as shown. Since R5 is a variable re¬ 
sistance in the grid circuit of T2, it pro¬ 
vides a means of determining the rate of 
discharge of Cl, hence the frequency of 
the sawtooth wave. R7 in the plate cir¬ 
cuit of T2, determines the amplitude of 
charge placed upon C2 while the tube is 
not conducting, hence provides a means 
of adjusting the amplitude of the saw¬ 
tooth waveform. 

Returning to Fig. 2.3D, horizontal 
pulses from the grid of V98-11 are also 
applied to the grid of one section of 
V98-16. The second tube of this hori¬ 
zontal blanking multivibrator circuit is 
one-half of V98-15, which is direct-
coupled to V98-16. A blanking pulse 
must be essentially rectangular in shape 
rather than a sawtooth form, and since 
this type of waveform requires excellent 
low frequency response, direct-coupling 
is usually used in such circuits. R98-106 
in the grid circuit of V98-16, since it 
provides control of the time constant, 
adjusts the width of the blanking pulse. 
This control is marked “H Blanking” in 
the diagram, and is located in the pickup 
head. The output of this horizontal multi¬ 
vibrator circuit is direct-coupled to the 
mixer section of V98-15. 

The other section of V98-16 receives 
the vertical driving pulse from wind¬ 
ing on the B.T.O. transformer (T98-4) 
through the capacitor C98-55. This is 
the “on-tube” of the vertical multibrator, 
and is direct coupled to the second or 
“off-tube” V98-14. R98-99 in the grid of 
this section of V98-16, since it sets the 
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time-constant of operation, is the Verti¬ 
cal Blanking Width control. 

Since the plates of V-98-15 and V-98-
14 are connected together, the H and 
V blanking waveforms are mixed to¬ 
gether. These waveforms are triggered 
at the proper times since they are started 
by the driving pulses which, in turn, are 
generated in the main sync generator. 

This mixed blanking signal is fed to 
the target of the image orthicon through 
the capacitor C98-51. The target voltage 
is set by the “Target Voltage” control 
on the Camera Control Unit in the con¬ 
trol room. A negative voltage is applied 
across R98-97 (Fig. 2.3B) to balance the 
positive voltage across R98-95 in the 
cathode of V98-14 in Fig. 2.3D. This 
allows the necessary 3 to 5 volts varia¬ 
tion in DC level of the target voltage 
with respect to ground. 

Since it is necessary to use the cou¬ 
pling capacitor C-98-51, the DC compo¬ 
nents of the blanking signals are lost. 
Therefore a 1N34 crystal, CR 98-2, is 
used to maintain the DC component. 

The jack J98-3 in Fig. 2.3D provides 
for insertion of headphones for the cam¬ 
era operator, which is part of the very 
necessary intercom system, enabling the 
technical director and producer in the 
control room to instruct the operator in 
camera movements and operation. 

Although the above analysis has con¬ 
cerned a specific model of TV pickup 
head, the general characteristics will be 
found common in all cameras. It will now 
be possible to study the refinements in 
electrical operating characteristics for 
various pickup-head circuits, that are 
applicable to every make of television 
camera. 

The first subject to be considered is the 
detailed action of the various magnetic 
coils positioned around the image orthi¬ 
con tube. These coils are the focusing 
coil, the alignment coil, the horizontal 
deflection coils and the vertical deflection 
coils. 

The focusing coil encircles the tube 
from the emitting end of the electron 
gun to the face. Its purpose is to con¬ 
centrate the electron stream into the nar-
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ELECTROSTATIC LINES 

FOCUSING COIL 

2 MAGNETIC FIELDS PERPENDICULAR 

Figure 2.3G. 

rawest diameter possible for good reso¬ 
lution of picture content. It must obvi¬ 
ously be small enough not to overlap the 
line structure. The action of the focus¬ 
ing coil is commonly termed a magnetic 
lens, and may better be visualized by 
reference to Fig. 2.3G. In drawing (1), 
it is recalled from basic theory that an 
electron has an electrostatic field of 
force about it, converging upon the 
charge. When set in motion, the electro¬ 
static field is distorted, creating an elec¬ 
tromagnetic field at right angles to the 

electrostatic field. In (2) the magnetic 
field of the focusing coil is shown. If the 
electron enters the field so that its mag¬ 
netic lines of force are perpendicular to 
the focus field (that is, in a straight line 
between the coil), no interaction occurs 
except that required to keep the electron 
in a straight path. In (3), the initial 
direction of the electron is such that its 
magnetic field is not in accord with the 
focus field, and interaction occurs to 
“line up” the direction, of travel. There 
is no interaction between perpendicular 
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Figure 2.3H. Looking from target toward electron gun, with sawtooth in "H" coil creating a North Pole 
on bottom, lines of force move "up" and beam is deflected to right. 

magnetic fields, but when the angle shifts 
from 90°, interaction occurs. Thus the 
electrons are focused into a beam. 

It is now possible to more clearly ex¬ 
amine the mechanics of the scanning 
function. If strong bar magnets are posi¬ 
tioned at top and bottom of the tube in 
a cathode-ray oscilloscope as at the left 
in (1) of Fig. 2.3H, with N pole on bot¬ 
tom and S pole on top, the beam is de¬ 
flected to the right. In the center draw¬ 
ing (1), the trace portion of the deflec¬ 
tion sawtooth current is passing through 
the H coils in such a direction that the N 
pole is at bottom and lines of force are 
running upward. We are looking toward 
the electron gun from the target, and the 
beam is therefore traveling toward the 
observer. The left-hand rule should be 
used to find the direction of magnetic 
lines of force about the beam: grasping 
the beam of electrons by the left hand, 
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and pointing the thumb in the direction 
of flow (toward the observer), the fin¬ 
gers indicate the direction of the mag¬ 
netic field, in this case clockwise. There¬ 
fore, the lines of force to the left of the 
beam are additive, and those to the right 
of the beam (since they run in opposi¬ 
tion) tend to cancel out. Thus it is seen 
that the force is exerted on the left side 
of the beam, deflecting it to the right. 
This constitutes the “scan” or “trace” 
of the electron beam across the target 
scanning area. 

Figure 2.3H(2) illustrates the action 
when the sawtooth current through the 
H coils reverses in direction, therefore 
reversing the direction of the magnetic 
field. The lines of force on the left of the 
beam now cancel, while those to the right 
of the beam add together in strength. 
Force is now exerted on the right of the 
beam, deflecting it to the left. This is the 
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retrace function of the horizontal line 
scanning, returning the beam to the left 
side of the raster so that another line 
may start to be scanned. 

Fig. 2.31 illustrates the interaction of 
the magnetic fields for vertical deflection 
of the scanning beam. Again looking 
from the target toward the electron gun, 
considering the electron beam coming 
toward the observer and the V current 
causing a magnetic field in the direction 
shown, the beam is moved downward. It 
is recalled that the lines scanned move 
slightly downward along each horizontal 
scan so that the return at the end of each 
line causes the beam to fall into the sec¬ 
ond line down for “interlacing” of the 
scan. This action illustrated in drawing 
1 of Fig. 2.31 occurs on the long linear 
portion of the V trace, which last for 
262.5 lines, or one field. Drawing 2 illus¬ 

trates the occurrence of the vertical re¬ 
trace period, where the sawtooth wave¬ 
form current has reversed direction, 
causing the magnetic Seid to reverse. 
Thus the beam is returned to the top of 
the rastel- to start a new field. 

It should now be possible to visualize 
the details of the entire scanning cycles. 
The scanning for a complete frame is 
started at the upper left of the target, 
and sweeps back and forth on alternate 
(odd) lines to the lower right corner of 
the area. At this time the field retrace, 
(vertical retrace) returns the beam to 
the upper center of the raster. The beam 
now sweeps the remaining alternate 
(even) lines until it hits the lower center 
of the target. The frame retrace (since 
this constitutes two fields) takes over, 
and returns the beam to the top left 
corner to start the same sequence over 
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again. Field retrace and frame retrace 
are produced from the same type of 
vertical waveform; the terms simply 
designating the position at which the re¬ 
trace starts and ends. 

This will be made clear by close study 
of Fig. 2.3J. Numbers on the scanning 
rastei- are correlated with those on the 
horizontal sawtooth waveform shown. 
Point 1 is the start of the last line of the 
first field of a complete frame. As 
pointed out previously in our discussion 
of the DuMont camera circuits, the left 
hand side of the raster (looking toward 
the electron gun) is scanned by current 
in the horizontal coils contributed from 
the damper tube. At the center of the 
picture (point 2), the sweep is affected 
by the current in the H coils contributed 
from the driver tube, and the right hand 
side of the target is canned. Point 3, 
therefore, represents the end of a full 
line of horizontal scan. In this example, 
it also indicates the end of the field, and 
the field retrace occurs. This means that 
point 3 has been reached on the V saw¬ 
tooth, where the retrace begins. It should 
be observed that the beam does not re¬ 
turn immediately to the top center, but 
sweeps back and forth a total of from 15 
to 20 horizontal lines. This interval is 
blanked as discussed previously so that 
the beam does not actually cause any 
spurious charges on the target. At point 
4, the second field is started. This is the 
right side of the target, and commences 
on the portion of the horizontal saw¬ 
tooth contributed by the driver tube as 
shown. Point 5 is then the horizontal re¬ 
trace to return the beam to the left hand 
side of the target, and the sequence is 
repeated. When the bottom line (half 
line) of the 2nd field is reached, the 
frame retrace occurs, and the beam is 
returned over an interval of another 15 
to 20 horizontal lines, to the top left 
hand side to start another frame. 

We have in this example and other 
places in the text, assumed the field re¬ 
trace to start at lower right and frame 
retrace to start at lower center. It is, 
however, possible for just the opposite to 
be true; the field retrace could start at 
bottom center and frame retrace from 
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bottom right. Such sequence depends 
upon whether the vertical sweep oscil¬ 
lator happens to be triggered by an even 
number or odd number V sync pulse. Re¬ 
member, however, that retrace between 
fields or frames is always one-half line 
apart, regardless of the position of the 
beam when retrace is fired. Retrace also 
may start anywhere along the bottom 
line. 

The field rate occurs 60 times in one 
second, as compared to the line rate of 
15,750 per second. Since a frame consti¬ 
tutes two fields, the frame rate is 30 per 
second. There are 262.5 horizontal lines 
in each field for a total of 525 lines in a 
complete frame. Since the vertical blank¬ 
ing period constitutes about 6% of the 
horizontal scan period, there are actu¬ 
ally only about 493 active lines hori¬ 
zontally. In practice, this varies between 
485 and 500 maximum horizontal lines 
which actually contain picture informa¬ 
tion, and are termed active lines. This 
varies because the vertical retrace time 
(according to present TV Standards) 
may lie anywhere from a minimum of 
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883.4 microseconds to a max mum of 
1333.3 microseconds ( Section 1.10, Chap¬ 
ter One). 

Remember in this connection that the 
above timing rate applies to the vertical 
blanking or pedestal signal that is trans¬ 
mitted in the composite TV signal to 
blank the receiving kinescope during the 
vertical retrace period. The blanking 
pulse of the pickup head is not trans¬ 
mitted, is applied only to the camera 
sweep, and is shorter in duration than 
that transmitted. In this way the longer 
time interval of vertical blanking at the 
receiver allows a safety margin for good 
“trim” of picture edges. The receiver 
therefore has a vertical blanking inter¬ 
val equivalent to from 25 to 40 horizontal 
lines. The camera blanking at the studio 
must be slightly less than a 25 line inter¬ 
val, and usually lies in the vicinity of 15 
horizontal lines. The exact shaping and 
timing of these various signals is fully 
analyzed in the next chapter covering 
sync generators. 

It is now possible to see what actu¬ 
ally constitutes the maximum possible 
resolution of the picture so far as the 
scanning process is concerned. If, for 
example, there are 490 active horizontal 
lines in a frame of the picture, there will 
be this number of line elements verti¬ 
cally in the image. Therefore if we con¬ 
sider a line as an element, the vertical 
resolution is set by the number of active 
lines, in this example, 490. This amount 
of vertical resolution is unusual in prac¬ 
tice, because the scanning beam is not 
able to exactly reproduce a sudden 
change in illumination vertically. As an 
example, if the original scene being tele¬ 
vised contains a thin black ine next to a 
thin white line, the scanning beam is 
actually apt to be covering the point on 
the target directly in between, and re¬ 
produce a gray scale because it is really 
covering both lines. The relation be¬ 
tween the actual picture information 
and the scanning aperture is termed the 
Kell factor, and limits the practical 
vertical resolution to less than the num¬ 
ber of active horizontal lines. Vertical 
resolution usually lies between 350 and 
400 lines at the receiver. Higher resolu¬ 

tion may be obtained at the studio moni¬ 
toring units. 

Horizontal resolution depends upon 
the number of picture elements which 
the system is capable of reproducing 
along each horizontal line. In practice 
this is found to be between 400 and 600 
elements per line. In our present ex¬ 
ample, if there were 500 elements in 
each line, the 490 lines would yield a 
total of 245,000 horizontal elements per 
frame. The number of elements along 
each line which the camera is able to 
actually reproduce is limited by the di¬ 
ameter of the scanring beam, as dis¬ 
cussed below’, and the frequency re¬ 
sponse of the video amplifiers. In prac¬ 
tice, the horizontal resolution is also 
measured in lines by means of the test 
chart, as thoroughly outlined in Chap¬ 
ter 6. The RTMA (Radio-Television 
Manufacturers Association) Committee 
on TV Transmitters have proposed in 
their Standards Proposal No. 217, that 
the over-all resolving power of TV studio 
facilities be at least 350 lines vertically, 
and 400 lines horizontally. As equip¬ 
ment improves, this minimum standard 
undoubtedly will be raised. 

The spot size, or aperture, places an 
immediate limit as to maximum resolu¬ 
tion of detail that may be obtained from 
the pickup head. 

Observe Fig. 2.3K in (1) is a “check¬ 
erboard” pattern consisting of alternate 
picture elements of black and white 
squares. In (2) is shown the “ideal” 
camera signal output for such a pattern. 
In (3) is an illustration of the aperture 
as it sweeps across a single square of the 
pattern, when the size of the spot is just 
equal to the sides of the square. In (4) 
it may be seen that the resultant wave¬ 
form is “distorted” from the ideal, be¬ 
cause of the finite size of the scanning 
aperture. In (5) the resultant wave¬ 
form output of the camera is shown, 
which is seen to differ from the ideal 
camera signal for the checkerboard pat¬ 
tern. Such deviation of signal content is 
known as “aperture distortion,” and 
occurs for elements in the image on the 
tube that approach the size of the spot 
diameter. In practice, a picture element 
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Figure 2.3K. 

is defined as being the smallest area of a 
scene that may be resolved by the pickup 
tube. Thus such a picture element may 
be limited by the spot diameter. 

The phenomena of aperture distortion 
should now be more apparent. In prac¬ 
tice, such distortion is of minor conse¬ 
quence compared to other forms of reso¬ 
lution limiting factors, if the beam cur¬ 
rent is exactly focused for minimum spot 
size. When such is not the case, either 
from faulty adjustment or circuit 
troubles, the aperture distortion in¬ 
creases rapidly and should be under¬ 
stood by all TV operators. 

For the convenience of the reader, the 
entire scan sequence is here reviewed. 
Due to the extreme importance of under¬ 
standing this sequence, it is suggested 
that any step listed below which does not 
seem clear, should be reviewed in the 
previous text. 

1. The 6.3 heater volts is applied to 
bring the electron gun to operating 
temperature, which boils electrons from 
the cathode surface. 

2. The electrons are drawn toward 
strong positive charges on a path toward 
the target. They are limited by the po¬ 
tential of grid 1. The velocity with which 
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they are fired is determined by the po¬ 
tential of grid 2. The exact alignment of 
their travel is influenced by current 
passing through the alignment coil at 
the very emitting end of the gun. 

3. Current in the long focusing coil 
which surrounds the entire tube and 
yoke assembly concentrates the electrons 
into a thin beam for the purposes of 
scanning small areas of the target. The 
potentials of grids 4 and 5 assist in this 
formation of the beam. Grid 3 has neg¬ 
ligible effect here. 

4. At the start of a frame scan, cur¬ 
rents (sawtooth) in the H & V deflec¬ 
tion coils create a cross-magnetic field 
which positions the beam at the upper 
left-hand corner of the target. As this 
sawtooth current in the H coils increases 
in one direction from the damper and 
driver tubes of the H deflection gener¬ 
ator, the scanning beam moves to the 
right across the target. Under the influ¬ 
ence of the changing current in the V 
deflection coils, the spot is given a slight 
downward trace. 

5. As the aperture thus traverses the 
line, positive charges on the target at 
points corresponding to varying degrees 
of light in the televised scene extract a 
certain number of electrons from the 
beam. The number extracted will depend 
upon the amount needed to neutralize the 
charge, in other words upon the degree 
of brightness at that point. As the beam 
which is deflected back toward the elec¬ 
tron multiplier (return beam) thus 
varies in strength, it is said to be ampli¬ 
tude modulated by the amount of charge 
at scenic points along the image on the 
target. 

6. The beam continues along the line 
until it reaches the right-hand edge. At 
this time, the saw current in the H coils 
rapidly reverses direction, changing the 
direction of the magnetic field and there¬ 
fore deflecting the beam back to the left¬ 
hand side of the target. Due to the 
slightly downward trace of the scanned 
line, the beam returns to the alternate 
line below (interlaced scanning). At the 
instant this retrace deflection starts, a 
blanking pulse triggered from the blank¬ 
ing generator is received on the target 
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Sawtooth applied to a pure resistance 
will produce a sawtooth current thru 
the resistance. 

Sawtooth applied to a pure induc tance 
will produce a squared or rectan¬ 
gular current thru the inductor. 

A rectangular wave applied to a 
pure inductance will produce a saw ¬ 
tooth current thru the inductor. 

R<<L 

Type of modified waveform typical of 
application to ”H 'deflection coils 
since inductance is large compared 
to resistance. 

R » L 

Type of modified waveform typical of 
application to "V'deflection coils 
since load is largely resistive. 

Figure 2.3L. 

screen. This pulse drives the target far 
enough negative that the entire forward 
beam is repelled, corresponding to maxi¬ 
mum black level of the signal. Thus the 
retrace beam never actually reaches the 
target, and the retrace is not visible. 

7. The above sequence is repeated 
throughout the field line scan to the bot¬ 
tom of the target scan area. At this time, 
the sawtooth current in the V deflection 
coils reverses direction, changing the 
direction of the V magnetic field. The 
beam is thus deflected to the top center 
of the target over a time duration equi¬ 
valent to 13 to 21 H lines. 1 luring this 
time, the target is blanked by the longer 
vertical blanking pulse, keeping the re¬ 
turn (signal) beam at black level. 

ft. The second field scan now starts, 
and the beam falls into the remaining 
alternate lines to complete the frame 
constituting a whole picture. 

It is obvious from the study thus far 
that the shape of the sawtooth current 
in the deflection coils is highly impor¬ 
tant. The current should rise linearly at 
a definite time rate for absolutely linear 
deflection. Since both resistance and re¬ 
actance is present in deflection coils, 
modified waveforms must be applied to 
them to achieve a real sawtooth form of 
current flow. Fig. 2.3L illustrates the 
principle under discussion. A sawtooth 
wave applied to a pure resistance (A) 
will cause a sawtooth current to flow 
therein, since no reaction is present. If, 
however, a sawtooth waveform is ap¬ 
plied to a pure inductance (B) the self-
inductive properties create a back emf 
on the first current flow which impedes 
the start of the current flow, then upon a 
collapsing field tends to maintain the 
current flow, distorting the applied saw¬ 
tooth into a rectangular wave as shown. 
Conversely, a rectangular waveform ap¬ 
plied to a pure inductance (C) will be¬ 
come close to sawtooth in form from the 
same action. 

In the H deflection coils, the induc¬ 
tance is large in comparison to the re¬ 
sistive component, but the R cannot be 
discounted in considering the shape of 
the necessary applied waveform. Draw¬ 
ing I) (Fig. 2.3L) shows a typical wave-

• 77 



Details of the Television Camera 

form applied to H deflection coils. Such 
a waveform has a rectangular forma¬ 
tion along with a sawtooth component, 
in the proper ratio to compensate the 
R & L effects to produce a pure saw¬ 
tooth. Drawing E shows a typical wave¬ 
form as applied to the V coils, since at 
60 cps the yoke may be made largely 
resistive. In this case a sawtooth is used 
along with a small rectangular charac¬ 
teristic. 

For this reason, all H and V deflec¬ 
tion amplifiers have some means of 
“shaping” the deflection waveform. Such 
controls in the pickup head are usually 
marked H or V “Saw” or “Linearity,” 
and are used to vary the shape of the ap¬ 
plied sawtooth over narrow limits. The 
main shape forming is done by the de¬ 
sign of the circuit themselves. 

A most important point to remember 
in control of sweep linearity is that the 
damper tube circuit in the horizontal 
sweep amplifier contributes to the left¬ 
hand side of the picture, and the driver 
(sometimes called the “output” stage), 
contributes to the right-hand side. This 
is common in all magnetic sweep systems 
at the studio or in the receiver. 

Further camera circuit refinements 
and troubles in waveforms are elabo-

Figure 2.4A. 
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rated under Maintenance and Servicing 
in Chapter 8. 

Series, or shunt “peaking” have been 
mentioned several times. The operator, 
especially the maintenance engineer, 
should be familiar with such circuits 
used to extend the bandwidth of ampli¬ 
fication. 

2.4 Video Amplifier Peaking Circuits 

Fig. 2.4A illustrates the shunt peaking 
method for compensating usual high 
frequency losses. Electrically, the cir¬ 
cuit amounts to a parallel resonant cir¬ 
cuit, designed so that the resonant fre¬ 
quency is approximately 1.41 times the 
highest frequency to be amplified. Thus 
a boosting of the “high pass” frequen¬ 
cies* is affected, with no effect upon the 
lower pass frequencies. 

In practice, peaking coils vary in value 
between one and several hundred micro¬ 
henries. Ten to fifty microhenries is the 
average range found in commercial 
equipment for shunt peaking. 

Fig. 2.4B illustrates the series type 
peaking circuit. The series coil, in com¬ 
bination with the effective circuit capaci¬ 
tance, forms a low-pass filter network. 
At first thought it might appear that 
such a circuit defeats the purpose in¬ 
tended; that is, to increase the efficiency 
of amplification at higher frequencies, 
referred to as the high pass frequencies. 
A basic analysis is therefore necessary. 

^'Sce Glossary in Appendix: “passband.” 



Details of the Television Camera 

Figure 2.4C. 

It is necessary to make Ci twice the 
capacity of C2. The load resistor R. is 
always connected to the low capacitance 
side of the circuit. In practice, there¬ 
fore, a small physical capacitor may be 
found in the circuit where the effective 
capacity Ci would appear, therefore con¬ 
sidered to be in parallel with Ci, effect¬ 
ing a 2:1 ratio in effective capacities. 

The inductor L and capacitance C, 
forms a series resonant circuit with an 
effective resonant increase in current as 
the frequency increases. C2 is separated 
from Ci by the inductance L with re¬ 
sultant reduction in shunting effect 
across L at high frequencies in the pass 
band. Therefore, since the voltage drop 
in the series resonant circuit increases 
with increase in frequency, a id is ap¬ 
plied across the load resistor Rr. shunted 
by Ca, the voltage developed in the load 
will likewise increase for frequencies in 
the high passband. This video voltage is 
then coupled to V2 in the orthodox man¬ 
ner. The increase of higher frequency 
voltages resulting from the resonant ef¬ 
fect of L and C„ more than offsets the 
decrease in reactance of C2 with increas¬ 
ing frequencies. 

Fig. 2.4C illustrates the most efficient 
design used in video amplifiers to in¬ 
crease the high pass range. This is the 

shunt-series peaking circuit, and is seen 
to be a combination of the two methods 
just discussed. The increased voltage 
gain from such a circuit is aided mate¬ 
rially by the fact that a load resistor of 
around 80 per cent greater value may be 
used than is possible with a simple shunt-
peaked circuit. Since the gain of a stage 
is equal to the trans-conductance of the 
tube times the value of Rr., it is seen that 
the gain is appreciably increased by this 
factor alone. It should be remembered 
that the value of plate load resistance is 
limited in ordinary amplifiers by the 
bandpass required; too great a value of 
load resistance reducing the bandpass 
capabilities of the stage. 

The relative gains of video amplifier 
circuits may be tabulated as follows: 

1. Uncompensated .... 0.707 
2. Shunt Peaked.1.0 
3. Series Peaked.1.5 
4. Shunt-Series Peaked . 1.8 

Low-pass frequencies are of just as 
much importance in the video amplifier 
as the high-pass frequencies. It is re¬ 
called that a signal of 60 cps is used, 
which must also be transmitted with 
effective gain. 

Fig. 2.41) illustrates an orthodox cir¬ 
cuit with the addition of the low fre¬ 
quency filter circuit R and C. At the 
lower frequencies, the voltage across the 

Figure 2.4D. Low frequency compensation net¬ 
work for video amplifiers. 
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grid resistor of V: decreases due to the 
increased reactance of the coupling ca¬ 
pacitor Ce. However, the reactance of 
Cr also increases at the lower frequen¬ 
cies, and the shunt impedance of Rf Cr 
is added to the load resistor R,. Thus it 
is observed, that as the lower frequen¬ 
cies become somewhat attenuated by the 
limited value of coupling capacitance, 
the total plate load impedance becomes 
greater and the resulting low passband 
boosting effect occurs to maintain con¬ 
stant gain across the entire passband. 

2.5 The Electronic Viewfinder 

The viewfinder is a separate unit 
which usually is removable from the 
camera head, ordinarily mounted atop 

the actual camera. Fig. 2.5A illustrates 
the Hu Mont pickup head with view¬ 
finder mounted, and all doors opened to 
expose the circuitry. The purpose of the 
unit is to allow the operator to see the 
scene being reproduced by his camera, 
and to make the necessary adjustment in 
the pickup head. 

A block diagram and associated wave¬ 
forms is shown by Fig. 2.5B. Such a 
viewfinder contains a video amplifier to 
drive the picture tube, with the neces¬ 
sary H and V deflection and blanking 
amplifiers usually of the same type as in 
the camera circuit itself. The video am¬ 
plifier input is bridged across the output 
of the camera video preamp, thus receiv¬ 
ing the same signal as is being trans-

Figure 2.5A. DuMont image orthicon camera. Courtesy DuMont. 
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Figure 2.5B. Block diagram and waveforms, DuMont electtonic viewfinder. Courtesy DuMont. 
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ferred to the control room via coaxial 
cable. The viewfinder H and V sweep 
circuits are “triggered” from the same 
signals that are used in the pickup head. 
Following the block diagram wave¬ 

forms (Fig. 2.5B), the video signal is 
applied to the first stage of the video 
amplifier, a GAK5 tube. The remaining 
stages amplify the signal sufficiently to 
drive the control grid of the picture tube. 
DC restoration is made by the 6AL5 
stage. It should be noted that the wave¬ 
forms are inverted from each preceding 
stage, showing the normal 180 degree 
phase shift. Any deviation from this is 
known as non-linear phase distortion, 
and must be kept to an absolute mini¬ 
mum in TV amplifiers. 

The video amplifier used here utilizes 
inverse feedback stages to obtain wide-
frequency response, rather than peak¬ 
ing circuits. The “contrast” control 
shown is actually in the cathode circuit 
of the first 0AK5. It is a video gain con¬ 
trol varying the effective mutual con¬ 
ductance of the tubes, since this is the 
accepted method of gain control with 

this type of feedback amplifier. The 
greater the gain, the more the picture 
contrast. The less the gain, the less pic¬ 
ture contrast. Thus actually, it is noted 
that the “brightness” of the picture is 
affected by the contrast control, as well 
as the “brightness” adjustment shown 
at the DC restorer stage. The action of 
this stage is such that the video wave¬ 
form is always positive with respect to 
an operating point determined by the 
voltage on the arm of the “brightness” 
potentiometer. This sets the operating 
bias for the grid of the picture tube, 
hence is the actual “brightness” con¬ 
trol. 

The electrical functioning at this point 
should be well understood by the reader 
since “DC restoration” is an important 
part of TV transmission. Fig. 2.5C is 
the schematic of this section of the 
Du Mont viewfinder, and will be an¬ 
alyzed here. 

Remember that it is the function of 
the video signal from the GAG7 tube to 
drive the control grid of the viewfinder 
tube brighter or darker (less negative 

Figure 2.5C. DC restorer, DuMont viewfinder. 
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or more negative) corresponding to the 
brightness or darkness of the televised 
scene. At a very dark line of video con¬ 
tent, the grid is very near cutoff ; at a 
very bright line, the bias is reduced al¬ 
lowing a greater intensity of beam to 
reach the screen of the cathode ray tube 
face. The cathode ray tube is so biased 
that the grid exercises proper control 
over this relative brightness, and is 
driven into the cutoff region when the 
blanking signals arrive. This prevents 
the retrace lines from being v.sible on 
the viewfinder screen. Thus when no 
video signal is being received, the cath¬ 
ode ray tube is biased just to the cut¬ 
off point by means of “Brightness” con¬ 
trol shown, which is R4 in the diagram. 

Before proceeding further, it is well 
to examine what actually happens when 
circuits are capacitively coupled. Fig. 
2.5D illustrates the point in question. In 
drawing 1 to the left is an illustration of 
what occurs at the image orthicon tar¬ 
get. A line of high average brightness 
has a relatively low value of current 
output as covered in the interval “A” 
of the drawing. A line of low average 
brightness has a relatively high current 
as in interval “B.” In either case, the 
blanking level is the same. Since this 
blanking level contains a large DC com¬ 
ponent (as shown in Chapter One), a 
capacitively coupled stage will not trans¬ 
fer it in the same amplitude relationship 
to the next stage. This is shown to the 
right of drawing 1. What has actually 
occurred is that the blanking amplitude 
has become changed, whereas the bright¬ 
ness level containing the video informa¬ 
tion has become relatively constant. The 
effect of this at the receiving cathode 
ray tube as used in monitors or home 
receivers is shown in drawing 2. The 
average brightness is at one point of the 
beam current characteristic curve, and 
will obviously not reproduce che vary¬ 
ing brightness levels to make up a pic¬ 
ture. The blanking levels are so altered 
that some of them (those occurring with 
low average brightness) will not drive 
the beam current to cutoff. It is there¬ 
fore the function of the “DC restorer” 
to return the blanking levels to a con¬ 

stant value corresponding to beam cut¬ 
off, and allow the brightness levels to 
vary over their required range. This is 
illustrated in drawing 3 as it applies to 
the beam current — characteristic curve. 

We may now proceed with the discus¬ 
sion of Fig. 2.5C keeping in mind that 
the blanking pedestal is small for a rela¬ 
tively dark line of video information, 
and large for a relatively bright line. 
These blanking pulses arrive at the grid 
of the cathode ray tube as negative 
pulses so that they may correspond to 
the cutoff point of beam current. When 
a large blanking signal arrives (corre¬ 
sponding to a bright Une of video infor¬ 
mation) since the pulse is a large nega¬ 
tive excursion, the 6AL5 diode will con¬ 
duct, rapidly discharging capacitor Cl 
through it. At the end of the blanking 
interval, this capacitor will charge again 
through resistors RI and R2, developing 
a positive voltage on the upper end of 
resistor RI which is at the viewing tube 
control grid. This prevents the diode 
from further conduction, and reduces 
the large negative bias of the control 
grid by the amount of the positive volt¬ 
age developed. Since this positive voltage 
depends upon the amplitude of the blank¬ 
ing pulse, the larger the blanking pulse, 
the greater the positive voltage devel¬ 
oped and the less the bias on the cathode 
ray beam current. Thus the brighter the 
video line (the larger the amplitude of 
the blanking pulse) the less the beam 
current bias and the brighter the line 
at the cathode ray tube face. A small 
amplitude of blanking pulse, correspond¬ 
ing to a dark line of picture information 
also causes the diode to conduct, since as 
mentioned previously, the initial bias is 
ad justed for cutoff with no video signal. 
The magnitude of the positive voltage 
developed at the top of RI, is now small, 
however, since the pulse producing it 
was low in amplitude. Thus the fixed 
negative voltage originally established 
by the brightness control is reduced 
slightly, transferring the video signal 
to the cathode ray tube grid at a point 
close to beam current cutoff. This illus¬ 
trates the point mentioned previously; 
that the DC restorer functions so that 
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Figure 2.5D. 

the video waveform is always positive 
with respect to an operating point de¬ 
termined by the voltage on the arm of 
the “brightness” potentiometer R4. 

The modifications in sweep waveforms 
as discussed in a preceding section may 
be noted in the block diagram of Fig. 
2.5B. The “H” coil is essentially induc¬ 
tive with little resistance, hence the rec¬ 
tangular waveform shown across the 
“H” deflection transformer. The “V” 
yoke is essentially resistive to the 60 
cps vertical sweep, hence the sawtooth 
wave shown with small rectangular 
component to compensate for the slight 
inductive reactance. 

All different makes of electronic view¬ 
finders are designed around the princi¬ 
ples discussed in this specific case. The 
video signal output of the camera is am¬ 
plified through suitable amplifiers and 
controls, and applied to the control grid 
of the picture tube so that the electron 
beam is accordingly varied in strength 
corresponding to shades of black-
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th rough-gray-to-white. The beam is 
scanned in synchronism to the camera 
scan, and blanked at the synchronized 
time to achieve correct reproduction. 

2.6 Tbe Iconoscope Pickup '¡Ube 

The iconoscope type of pickup tube is 
illustrated and basically described in 
Chapter 1. It now remains to examine in 
greater detail the electrical functioning 
and response characteristics of this 
tube. It is used primarily for the tele¬ 
casting of films and slides, and most en¬ 
gineers claim better resolution is ob¬ 
tained than using an image orthicon for 
this purpose. 

A drawing of the essential parts, and 
bottom view of the socket connections 
for the iconoscope are shown in Fig. 
2.6A. The heater and cathode assembly 
form the conventional electron gun as 
the source of scanning electrons. It 
should be observed that the scanning 
beam strikes the signal mosaic at an 
angle, which has effects described later 
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Figure 2.6A. 

in this section. The tube is shown in the 
mounted position, with the mosaic on a 
vertical axis behind the lens system. 
Light reflected from the scene being tele¬ 
vised (usually in this case film or slides) 
is focused upon the mosaic by the lens 
system through the face of the icono¬ 
scope. It is recalled that the mosaic is 
actually tiny silver globules deposited 
upon a thin mica sheet. Each gtobule is 
something less than 0.001 inch in diam¬ 
eter, but are insulated from each other 
as well as the signal plate. These glo¬ 
bules comprise a photosensitive property 
which emits electrons by an amount de¬ 
pendent upon the light intensity strik¬ 
ing their surface. The back side of the 

mica strip is coated withcollodial graph¬ 
ite and forms the signal plate. Such an 
arrangement results in each silver glo¬ 
bule forming a tiny capacitor with the 
mica as the dialectric and the signal 
p ate being a continuous plate forming 
the other side of the capacitance. This 
should be visualized as a photosensitive 
surface (silver globules) being capaci¬ 
tively coupled to the output circuit, or 
signal plate. 

Note at this time the Typical Operat¬ 
ing Characteristics for the type 18Õ0-A 
iconoscope given in Table 2.6B. Grid 
No. 4 is the collector shown in Fig. 2.6A, 
and operates in the vicinity of 1000 volts. 
Grid No. 3 voltage is 24 to 36% of this 
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Typical Operating Characteristics Type 1 850-A 

Signal Electrode Voltage. 1000 volts 
Grid No. 4 Voltage. 1000 volts 
Grid No. 3 Voltage (Beam Focus) 24% to 36% of Grid No. 4 Voltage. 240 to 360 volts 
Grid No. 2 Voltage. 1000 Volts 
Maximum Grid No. 1 Voltage for Pattern Cutoff 7% of Grid No. 4 Voltage...—70 volts 
Grid No. 4 Cursen! (with no mosaic illumination). 0.1 to 0.2 micro-amperes 
External Load Resistance. 100,000 ohms 

Illumination on Mosaic: 
Steady Highlight Value for slides. 4 to 6 ft-c 
Average Pulsed Highlight for Motion Picture Film. 10 to 20 ft-c 

Ratio of Peak-to-Peak Highlight Video Signal Current to RMS Noise Current (approx.). 100 
Minimum Peak-to-Peak Blanking Voltage. 20 volts 

Table 2.6B. 

voltage, or around 240 to 360 volts. Here 
is the first major difference to be noted 
between this tube and the image orthicon 
described above. The iconoscope is elec¬ 
trostatically focused rather than using 
magnetic focusing. It should be observed, 
however, that the scanning deflection is 
accomplished by magnetic coils as in the 
image orthicon. Grid No. 3 is the beam 
focus grid and controls the spot diameter 
of the electron gun beam. It should be 
noted that the signal plate and the col¬ 
lector ring operate at the same potential. 

The deflection coils shown are com¬ 
posed of a pair of H coils and a pair of 
V coils. This magnetic yoke sets up a 
field from the sawtooth scanning cur¬ 
rents which serve to sweep the beam 
back and forth across the mosaic much 
as that described for the image orthicon. 
The yoke is rotated about the neck of 
the tube until the picture or test pattern 
is properly positioned as indicated by 
the picture monitor. 

Consider first what happens when the 
lens is “capped,” or no light is allowed to 
enter the optical window at the front of 
the tube. The scanning beam is caused 
to sweep the mosaic in accordance with 
the standard interlaced pattern of the 
TV system. In the iconoscope, this elec¬ 
tron beam does not form a part of the 
signal as was the case with the image 
orthicon tube, and does not function as 
a modulated return for the picture sig¬ 
nal. Its sole function here is to scan the 
mosaic. The beam is usually no smaller 
than about 0.006 inches in diameter, and 

since the individual globules are smaller 
than 0.001 inch, the scan actually covers 
8 to 10 photosensitive globules at a time. 
When this high-velocity scanning beam 
strikes an area of globules, a number 
of secondary electrons are released. 
When operated in total darkness, the 
number of secondary electrons released 
are approximately equal to the numbei-
of beam electrons. These secondaries are 
released with such velocity that they are 
attracted to the positive potential of the 
collector ring, and the circuit is closed 
around the external connections of col¬ 
lector, load resistor lb, and the signal 
plate. This is so because the large num¬ 
ber of electrons released leaves the sig¬ 
nal plate more positive than the collec¬ 
tor (since their original potentials are 
the same), and the electrons are at¬ 
tracted around through the external load 
to the positive excess at the signal plate. 
Thus maximum signal current corre¬ 
sponds to dark portions of the scene, just 
as in the case of the image orthicon. 

This release of the electrons from the 
mosaic leaves the signal plate positively 
charged with respect to the collector 
ring. The resulting plus potential how¬ 
ever, is quite small, being around plus 
2.5 to 3 volts maximum. The efficiency 
of the iconoscope is quite small compared 
to the image orthicon, being in the region 
of 10 to 20% in efficiency. 
Consider now what happens when 

light reaches the photosensitive surface 
of the mosaic. Each of the photosensi¬ 
tive globules now releases secondary 
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electrons in ratio to the intensity of 
light striking its surface. These secon¬ 
daries are released at low velocity, and 
are not released with high enough ve¬ 
locity to be attracted to the collector 
ring. In being released from the surface, 
however, the element assumes a positive 
charge. This “charge” is storeri in the 
capacitance of the element to the signal 
plate, until the scanning beam strikes 
the charged capacitance. It may now be 
seen that the number of secondary elec¬ 
trons released at high velocity by the 
scanning beam is reduced in proportion 
to the positive charge, which in turn was 
proportional to the light intensity. At 
this time, the capacitance is obviously 
discharged, and the resulting current 
flow is inversely proportional to the 
amount of positive charge. That is, the 
secondary electrons flowing through the 
circuit is reduced by an amount depend¬ 

ing upon the magnitude of the plus po¬ 
tential caused by the intensity of light at 
that point of the scene. 

Thus the iconoscope is often called a 
“storage type” tube, since it does, in ef¬ 
fect, store a capacitive charge across 
each element that is in proportion to the 
amount of light at that element. When 
traversed by the scanning beam, the ele¬ 
ments are discharged. The output cur¬ 
rent therefore varies in accordance with 
the point being scanned, maximum cur¬ 
rent corresponding with the darker por¬ 
tions of the scene. The light from the 
scene may be thought of as creating a 
pattern of charges on the photosensitive 
surface, which are picked off point by 
point as the electron beam scans the 
surface. As pointed out in Chapter 1, the 
storage capabilities of the iconoscope 
play an important role in some methods 
of televising motion-picture film. 

1. Spectral sensitivity characteristic. 
Curve is taken for equal values of 
radiant flux at all wavelengths. 

2. Typical signal-output character¬ 
istic under continuous illumination 

Figure 2.ÓC. Courtesy RCA. 

• 87 



Details of the Television Camera 

Keystone pattern of scan in iconoscope when nor¬ 
mal sweep currents are applied to deflection coils. 

MODIFIED H SWEEP FOR 
KEYSTONE CORRECTION 

Typical circuit for "modulating" the H saw 
with a component of the V saw for keystone 
correction in iconoscopes. 

Figure 2.6D. 

The dimensions of the photosensitive 
mosaic is approximately 4 %" wide by 
Shi" high, corresponding to the 4 to 3 
aspect ratio of TV standards. Compare 
this to the 1.6" maximum across the di¬ 
agonal of the photocathode in the image 
orthicon tube, and it is observed that 
the iconoscope requires a much larger 
and more expensive lens system for com¬ 
parative lens speeds. However, in motion 
picture film telecasting, the light through 
the film is projected directly onto the 
iconoscope mosaic by the projector lens, 
and no lens system is used on the icono¬ 
scope. 

The spectral response and the typical 
signal-output characteristics of the type 
1850-A iconoscope is illustrated in Fig. 
2.6C. In graph 1, it is observed that the 
tube covers the entire color spectrum, 
but not in a flat response; being most 
sensitive in the blue region. Graph 2 is 
the output current-to-mosaic illumina-
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tion curve. The steady highlight value 
for slides should be 4 to 6 ft-candles, 
while a pulsed highlight value of 10 to 
20 ft-candles is recommended for film 
telecasting. The pulsed method of tele¬ 
vising film was outlined in Chapter 1, 
and is elaborated on in Chapter 3. The 
above values of illumination refer to the 
actual amount upon the mosaic. 

The blanking signals for the icono¬ 
scope are applied to the control grid, so 
that the negative pulses shut off the 
beam during retrace intervals, driving 
the pickup tube into maximum current 
region corresponding to the black region. 
Thus blanking in this case is similar to 
the blanking of the picture tube monitor 
and home receiver kinescope. The cir¬ 
cuits for producing and amplifying such 
signals are similar to those used for the 
image orthicon as described in the pre¬ 
ceding section. It is noted from the table 
of typical operating characteristics of 
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the iconoscope that this blanking voltage 
should have a minimum peak-to-peak 
value of 20 volts. 
Although the iconoscope properly 

operated will give a highly satisfactory 
picture, especially as applied to film tele¬ 
casting, its design characteristics call 
for more complicated control circuits 
than does the image orthicon. One of 
these factors in design is the angle which 
the neck of the tube containing the elec¬ 
tron gun must make with the surface of 
the mosaic. Such an angle is obviously 
necessary since the gun end would other¬ 
wise obstruct the passage of reflected 
light through the lens into the face of the 
tube envelope. Due to this angle, the 
scanning beam must travel over a longer 
path to the top of the mosaic than to the 
bottom. Since the scanning aperture de¬ 
flection across the surface of the mosaic 
for a given amplitude of sawtooth cur¬ 
rent in the deflecting coils is propor¬ 
tional to the length of the beam between 
the coils and mosaic surface, the top 
scanning line is longer than the bottom 
scanning line. The resulting effect is 
shown in Fig. 2.6D, drawing A. This is 
called a keystone pattern, and the bot¬ 
tom edge of the picture is shorter hori¬ 
zontally than the top edge. In all icono¬ 
scope circuits, a means must be provided 
to decrease the deflection at the top, and 
increase the deflection at the bottom. 
This is accomplished by modifying the 
horizontal sweep sawtooth currents as 
shown in drawing B of Fig. 2.61). A por¬ 
tion of the V saw is mixed with the H 
saw to obtain the desired H deflection 
saw shown in the diagram. The potenti¬ 
ometer provides a “balance control” to 
adjust the balance of the two saws. 
This waveform applied to the H deflec¬ 
tion coils shortens the sweep at the top 
of the mosaic to that usually obtained at 
the bottom, providing the proper rec¬ 
tangular aspect ratio of 4:3 in the pic¬ 
ture. In regular commercial circuits pro¬ 
viding keystone correction, the operator 
finds a keystone gain control in addition 
to keystone balance. If insufficient gain 
is used, the keystone effect is not fully 
corrected. If gain is too high, overcor¬ 

rection results and an inverted keystone 
is produced. 

Another defect of the iconoscope is 
spurious dark-spots formed by a non-
uniform rain of secondary electrons 
upon the mosaic surface. It should be 
recalled that the output signal of the 
iconoscope results from a quite small 
difference in potential created between 
the mosaic and the collector ring. Since 
this potential is small, many secondary 
electrons fall back indiscriminately upon 
the mosaic instead of reaching the col¬ 
lector. Where this occurs, a reduction of 
stored charge per picture element re¬ 
sults, and bright spots as well as dark 
spots appear on the monitor and receiver 
screens. 

The correction circuits for this type of 
tube defect are somewhat complex, and 
even more complex to operate. The cor¬ 
rection is accomplished by means of a 
shading generator, which produces a 
number of different waveforms, ampli¬ 
tude and phasing controls. By means of 
the shading signals the operator is pro¬ 
vided with control over- the spurious sig¬ 
nals from the iconoscope, by mixing in 
such shading components as to cancel 
the effect of the defects in the picture. 
Since the unwanted components of the 
iconoscope signal are nonuniform, they 
may occur anywhere in the picture: up-
per, lower, left or right. A shading con¬ 
trol operator spends a great deal of time 
in becoming familiar with such occur-
rances, and still more time in learning 
the necessary compensating waveform, 
amplitude and phase adjustments re¬ 
quired to “shade out” the spurious sig¬ 
nal. Fortunately, the restrictions of the 
use of the iconoscope to motion picture 
film and slides minimizes the necessary 
controls and time consumed in master¬ 
ing the shading process. 

Fig. 2.6E illustrates in simplified form 
a typical shading generator and asso¬ 
ciated controls. The controls may be 
grouped generally into horizontal and 
vertical, and subdivided as follows: 

Horizontal Controls for Shading 
H Sawtooth H Sinewave 
H Parabola H Sinewave Phase 
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Figure 2.6E. Simplified diagram of shading generator for iconoscope tube. 

Vertical Shading Controls 
V Sawtooth 
V Parabola 

V Sinewave 
V Sinewave Phase 

Observation of Fig. 2.6E reveals that 
the shading generator is synchronized 
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with the iconoscope by driving pulses used 
for iconoscope sweep. As shown, hori¬ 
zontal driving pulses from the H camera 
sweep are used to trigger the H saw¬ 
tooth generator in the shading device. 
The other H shading waveforms are ere-
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Figure 2.6F. Typical power supply for rim and back lighting for an iconoscope pickup tube. The 
supply must be a well filtered DC to prevent stray fields close to the mosaic. Batteries are sometimes 
used in this application. Separate supplies for rim lights and back lights are sometimes used to pro¬ 

vide individual control over the 1 ghting at these points. 

ated from the output of the saw oscil¬ 
lator ; the sine-wave being formed by an 
LC circuit converting the applied saw 
curve to sinewave, and the parabola be¬ 
ing formed by a “distortion” amplifier 
clipping part of the wave and forming 
the other part into a parabola. Vertical 
driving pulses are likewise used to trig¬ 
ger the shading generators sawtooth 
oscillator, the V parabola being formed 
from a similar distortion amplifier. The 
V sinewave (since the V sweep fre¬ 
quency is 60 cps) is taken from the regu¬ 
lar 60 cps power line. Both 60 eps and 
120 cps sines are provided in this sec¬ 
tion of the generator. 

Controls on a shading device provide 
both amplitude and phase controls, and 
selector switches to allow selection of 
any one or combination of waveforms. 
The output of the mixer amplifier feeds 
the composite shading signal to one of 

the iconoscope amplifier stages, usually 
at a low level point such as the first stage 
of the preamp. As an example of its use, 
an H saw shading signal will provide 
darker shading toward the left of the 
picture, and by reversing the phase, to¬ 
ward the right. V sawtooth shading may 
provide progressively darker shading to¬ 
ward the top of the picture, and by re¬ 
versing the phase, toward the bottom. 
Use of the other waveforms provide a 
means of controlling the shading at any 
point in the frame. 

Another feature in the operation of 
the iconoscope pickup tube is a means of 
providing rim lighting and back-light¬ 
ing. If the metal support used on the 
mosaic to hold it rigidly in position in¬ 
side the glass envelope is not illumi¬ 
nated, a phenomena known as edge-flare 
results. This is a highly objectionable 
flare or streaks of light on the outer 
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edges of the reproduced picture. To pre¬ 
vent this, the “rim,” or metal support 
immediately adjacent to the photosensi¬ 
tive mosaic, is illuminated with several 
pilot bulbs of the 6-8 volt variety. Since 
it is very important to prevent stray 
magnetic fields from influencing the low 
level video signal at this point, DC is 
used for this lighting. Although there 
is a variance in method, there are usu¬ 
ally two bulos for top rim illumination, 
and one each on right and left side. The 
mounts for the bulb reflectors are ad¬ 
justable, so that the positions of the 
bulbs may be varied for best effect. Back 
lighting means that a small amount of 
light is used at the rear of the signal 
plate which does not shine directly upon 
the front side, or mosaic. This raises the 
efficiency of the tube, since it releases 
electrons from the caesium coating on 
the inside of the glass bulb where they 
collect instead of reaching the collector 
plate. The number of 6-8 volt pilot bulbs 
used here is variable, ranging from one 
to three in different installations. They 
are also operated from a DC source of 
power supply. Fig. 2.6F illustrates a 
typical arrangement for rim and back 
lights. It may be noted that the applied 
voltage is made variable. This is im¬ 
portant since no two iconoscope compare 
in optimum light value necessary for 
optimum performance. Further techni¬ 
cal details of the television camera are 
included in sections 6.2 and 8.9. 

2.7 Camera Mounts 

The mountings used for TV cameras 
may be generally divided into tripods, 
dollies, and cranes. Tripods may be 
either fixed or mobile, while a dolly or 
crane is usually mobile. Any type of 
camera mount must be very sturdy to 
provide smooth panning and general 
operation of the 125 pound (approxi¬ 
mate) weight of the camera. 

The camera mounting itself is made 
directly to a device known as a friction 
head. A typical friction head is shown 
in Fig. 2.7A, mounted upon a fixed type 
of camera tripod. This head provides the 
means of tilting and panning operations 
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Figure 2.7A. Courtesy Camera Equipment 
Company. 

for the camera. The camera operator 
uses the long handle shown in the photo 
to tilt the pickup head in any angle up 
or down that may be called for in pro¬ 
duction. A full 360 degree rotation hori¬ 
zontally is provided so that panning may 
take place over any possible latitude that 
might be necessary. The camera is 
mounted upon the friction head by 
means of the single screw shown. The 
friction head, in turn, is attached to the 
tripod by means of a single hand oper¬ 
ated wing nut and lever. The long handle 
is telescopic for adequate length adjust¬ 
ment, and is detachable. 

The amount of friction for tilt and 
pan movement is made adjustable by a 
friction shoe arrangement attached to 

Figure 2.7B. Courtesy Camera Equipment 
Company. 
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Figure 2.7C. Courtesy RCA. 

an external handle. The head may be 
locked into a fixed position when desired. 

Each leg of a tripod is made adjust¬ 
able in length, and is usually marked off 
in inches or some form of calibration 
with a means of locking into place. This 
is necessary to obtain an absolutely level 
placement of the camera from its initial 
mounting position. The tripods are con¬ 
structed so as to be easily portable, col¬ 
lapsing into a handily carried package. 

Fig. 2.7B illustrates a friction head 
and tripod mounted upon wheels to pro¬ 
vide mobility of the camera. With this 
type of camera mount the camera oper¬ 
ator usually sits on the seat provided for 
that purpose, and the tripod (more 
rightly called dolly in this instance) is 
moved about by a dolly operator whose 
sole function is to move the dolly as di¬ 
rected. When a dolly operator is em¬ 
ployed, an extra pair of headphones is 
provided for his use so that the technical 
director in the control room may direct 
his movements. 

Another type of TV camera dolly is 
illustrated in Fig. 2.7C. It is designed 
primarily for studio operation or any 
indoor location where telecasts might 
originate. The camera is mounted on the 

Figure 2.7D. Studio scene at WFII.-TV. The first camera to the right is mounted epan a crane, moved 
about by the crane operator, shown wearing headphones, at the rear of the dolly. Courtesy RCA. 
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usual friction head shown. The wheel 
with the crank handle seen mounted on 
the lower platform provides for an ad¬ 
justment of camera heights from 40 
inches to five feet above the floor. Due to 
the excellent mechanical balance of the 
associated gear mechanism, very little 
effort is needed in this adjustment. The 
large wheel shown about the center of 
the cylindrical pedestal steers three rub¬ 
ber-tired wheels upon which the entire 
pedestal is mounted for mobility. The 
pedal which may be seen on the bottom 
platform lowers a caster which in turn 
raises a pedestal wheel, allowing com¬ 
plete maneuverability about a given 
point. 
The crane type of camera mounting is 

illustrated in use in Fig. 2.7D (first 
camera to right). In this case the cam¬ 
era is mounted upon a boom which may 
be raised, lowered, or swung completely 
around to obtain unusual angle shots. 
The dolly is maneuvered by the dolly 
operator shown wearing headphones to 
the rear of the dolly crane. For complete 

mobility, the rear wheels may be turned 
at right angles, allowing the rear end of 
the dolly to be swung around while the 
front end of the chassis pivots on a 
caster. This caster may also be lowered 
simultaneously with the turning of the 
rear wheels. Some cranes of this type 
employ a fifth wheel so arranged that 
the dolly may be moved sidewise, in¬ 
creasing the scope of mobile operations. 
The actual camera lens height above the 
floor may be varied from 2 feet to as 
high as 15 feet for some of the larger 
cranes. The second camera to the right 
in Fig. 2.7D is mounted upon the ped¬ 
estal type dolly described previously. 

There are two prime requirements in 
any type of camera dolly used for tele¬ 
vision: quiet movement and ease of 
operation. Rubber-tired wheels are obvi¬ 
ously necessary, and a routine mainte¬ 
nance schedule of greasing and oiling 
is highly important. Dolly maintenance 
is described in Chapter 8, along with 
maintenance hints for all TV studio 
equipment. 
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CHAPTER 

_3_ 

Inside the TV Control Room 
3.1 General Outline of TV 
Control Room Equipment 

The scope of equipment required in 
TV control rooms varies widely depend¬ 
ing up the program range of the par¬ 
ticular location. Small independent and 
network affiliated stations in small com¬ 
munities may have very limited equip¬ 
ment, such as film chains and slides for 
station identification, with no locally 
originating programs. On the other ex¬ 
treme, a station in a large city originat¬ 
ing network programs will have multi¬ 
ple studios with one to six cameras in 
each, complex associated control room 
equi ornent, a master control, many film 
and slide machines, and elaborate dis¬ 
tribution facilities for local and net¬ 
work routing of the signals. In such 
cases, the audio facilities alone includ¬ 
ing program audio and intercom system 
may be triple the cost of the entire 
equipment in small TV stations. Be¬ 
cause of this wide range of require¬ 
ments, the author has chosen for dis¬ 
cussion in this section a typical setup 
midway between the extreme cases cited 
above, such as a network affiliated sta¬ 
tion with one studio, a control room for 
the studio, combined with a master con¬ 
trol and film projection room. 

This approach is most appropriate 
since every type of control room equip¬ 
ment may thus be covered, the only dif¬ 
ference to any particular application 
being in more or less of the same type 
of control units involved. 

Fig. 3.1A illustrates an example of 
a typical control room layout. Drawing 
A is a birdseye view, drawing B show¬ 
ing the orientation in relation to the 
studio and camera heights. This is a 

“piatform’’ type of control room very 
popular in practice. Such design en¬ 
ab.es the audio operator and program 
director to view both the studio action 
and the monitors in the control room. 
The units immediately in front of the 
video operator (V.O. in drawing A) are 
the individual camera control units for 
the studio cameras. Those in front of 
the technical director (T.D.) are the 
switcher and mixer units which are 
usually operated by the technical direc¬ 
tor upon directions from the program 
director. The audio operator (A.O.) 
operates the usual audio switcher and 
mixer, and the two turn tables shown 
in the diagram to his left. The program 
director and technical director have in¬ 
tercom facilities enabling them to con¬ 
verse with the production and technical 
personnel on the studio floor. The audio 
operator is provided with similar fa¬ 
cilities so that he may instruct the mi¬ 
crophone boom operators (discussed in 
next chapter). Drawing B is a side 
view of the layout illustrating the visi¬ 
bility necessary for the control room 
personnel. 

Fig. 3.IB is a simplified block dia¬ 
gram of the major video units in the 
combined studio, film and master con¬ 
trol room. Each studio camera is con¬ 
nected to its respective camera control 
unit by means of flexible coaxial cable 
of about 75 ohms impedance. These 
units contain a picture tube showing 
the picture output of the camera, and 
a small oscilloscope to monitor the as¬ 
sociated waveforms. It is here that any 
necessary adjustments during a show 
for picture contrast, brightness or 
shading are carried out. The video level 
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jacks. Courtesy RCA. 
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into the switcher is also adjusted at 
this point, and is determined by observ¬ 
ing the signal levels on the oscilloscope. 
It is seen that the control unit for the 
film camera is also in this chain of 
units, and provides the same facilities 
for film telecasting as those for the 
studio cameras. The camera switcher to 
the left serves to select the output of 
either studio camera or the film, or such 
effects as lap dissloves and superimpo¬ 
sition of any two signal sources. Its as¬ 
sociated line monitor shows the picture 
thus selected going to the master 
switcher. The master switching panel 
contains a number of pushbuttons so 
that the operator at this point may se¬ 
lect any of six incoming signals (such 
as from studio, remote point coaxial 
cable, microwave relay receiver, etc.), 
and feed them to either of two outgo¬ 
ing lines. This unit has a preview moni¬ 
tor enabling preview of all incoming 
signals. The pushbuttons on this unit 
operate rack-mounted master switching 
relays used in the video circuits. The 
remote control panel to the extreme 
right of this video console provides 
means of making video and sync level 
adjustments of the associated amplifiers 
which are located in racks. The sync 
pulses from the main sync generator, 
which is also located in the control 
room (not shown in diagram), are fed 
to the video signal at the distribution 
amplifier. Sync is always mixed into 
the video signal at some point past the 
switcher unit, preventing possible mo¬ 
mentary loss of sync when switching 
between signal sources. 

The stabilizing amplifiers shown con¬ 
tain special keying and clipping circuits 
which remove any low-frequency dis¬ 
turbances that may be present from re¬ 
mote points, and also match the video 
and sync levels of remote signals to 
those of the local cameras. A number 
of video jacks are shown in the dia¬ 
gram. These are usually of the rack¬ 
mounted type, and enable the operators 
to patch any signal source to any 
switching arrangement, and allow quick 
rerouting of signal in case of trouble in 
any particulai- control unit. The mono-
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scope camera is a special device for 
transmitting a test pattern for test and 
alignment purposes, described in this 
chapter. 

Fig. 3.1C is a simplified block dia¬ 
gram of the audio section of a typical 
TV control room. The arrangement 
shown here provides the following gen¬ 
eral facilities: 
1. Inputs for 4 studio microphones, 

and provision for 4 additional mike 
lines which may be patched to con-
solette input circuits. 

2. On-Air signals for studio and film 
projectors. 

3. Studio monitoring speaker for cue¬ 
ing or talk-back during rehearsal. 

4. Intercom circuits as follows: pro¬ 
duction circuits for program direc¬ 
tor, stage director, and production 
personnel; talkback for audio engi¬ 
neer to mike boom operators; talk-
back for technical director to cam¬ 
era and dolly operators. 
The audio consolette must provide for 

switching and mixing the audio signal 
from the mikes, the film projectors, and 
remote or network lines. It is also gen¬ 
erally used to mix and switch the out¬ 
puts of one or two turntables. The sig¬ 
nal from the turntables may be switched 
into the outgoing line, or fed to the 
studio loudspeaker for program back¬ 
ground purposes in special cases. 

All of the units briefly outlined in 
this section are detailed in the follow¬ 
ing sections of this chapter. However, 
since all the video units are “master 
minded” in operation by the synchro¬ 
nizing generator, this unit will be taken 
up first. 

3.2 Waveforms Required for 
Synchronization 

The sync generator provides the elec¬ 
tronic coordination of the entire TV 
transmission system. This means that 
the receiver and monitor kinescope pic¬ 
ture tubes have their respective scan¬ 
ning beam start to the left of a particu¬ 
lar line at the same time as the camera 
scan, sweep the line at the same rate, 
start the retrace from right to left at 
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Figure 3 1C. Typical audio facilit es for television control rooms. Courtesy RCA. 

the same time, blank this retrace at the 
same time, and returns from bottom 
right to top left at the same time for a 
start of the next field. The receiver and 
monitor kinescopes have their own de¬ 

flection and blanking means; it is the 
business of the sync generator to “trig¬ 
ger” the operation of picture tube scan¬ 
ning and blanking with those at the 
camera. 
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It is understandable then that the 
sync generator is necessarily rather 
complex in function. It must generate 
not only precisely timed pulses, but pre¬ 
cisely shaped pulses as well. A thor¬ 
ough understanding of the sync genera¬ 
tor is not beyond the scope of the TV 
operator if he will take the pains to dig 
into the following explanations of this 
chapter. The engineering and develop¬ 
ment of circuit designs are not impor¬ 
tant to the operator. What is important 
is familiarity with the pulses in the re¬ 
quired composite TV signal, their pur¬ 
pose, and how the sync generator first 
creates, then forms and mixes the vari¬ 
ous pulses together for combining with 
the actual video picture information 
from the camera. 
First then let’s review how many 

functions are required in this system 
of coordination, and where they must 
be performed. 
7. The photosensitive surface of the 
camera pickup tube looking at the scene 
to be televised must be scanned from 
upper left to lower right as outlined 
previously, so that the picture is trans¬ 
mitted in “elements” of instantaneous 
value. The pickup head contains its own 
H and V deflection mechanisms, and H 
and V blanking mechanisms. Since it is 
the function of these mechanisms which 
determine where the scanning beam 
will be at any given time, they must be 
so “timed” from the one coordinating 
headquarters — the sync generator. 
Therefore H and V driving pulses are 
supplied to the camera H and V saw¬ 
tooth deflection generators from the 
sync generator. The camera deflection 
generators cause the scanning beam to 
trace across the target, the driving 
pulses trigger the retrace. Since these 
driving pulses do trigger the time of re¬ 
trace (section 2.3, Chapter 2), they are 
also used to trigger the blanking, so 
that the retrace lines are made invis¬ 
ible. 
2. Consider now the receiver in the ob¬ 
servers home. This kinescope is being 
scanned by its electron beam (which is 
being modulated in intensity by the 

video picture information) due to the 
action of its own deflection generators. 
Therefore, at the same time that a driv¬ 
ing pulse is fed to the studio camera, a 
sync pulse is fed to the remote receiver, 
as well as a blanking pulse to drive the 
kinescope tube into the cutoff bias re¬ 
gion, or black. The sync pulse initiates 
the kinescope retrace, the blanking 
pulse makes the retrace invisible to the 
viewer. Such action occurs on both hori¬ 
zontal and vertical scanning functions. 

As a starting point in our study, we 
may list 8 general types of synchro¬ 
nizing signals delivered to the overall 
system by the sync generator as fol¬ 
lows : 
1. Horizontal driving signal. Consists 
of short duration square wave pulses 
at the horizontal scanning frequency of 
15,750 cps fed to the sawtooth genera¬ 
tor in the camera to trigger the hori¬ 
zontal retrace voltage for the pickup 
tube. These pulses also trigger the 
blanking generators in the camera so 
that the target of the image orthicon 
(when used) is driven negative, repel¬ 
ling the scanning beam so that the sig¬ 
nal corresponds to black, thus blanking 
the retrace action. Although formed at 
the same time as the horizontal sync 
pulse which is part of the radiated car¬ 
rier wave from the transmitter, the 
driving pulses are not transmitted, but 
fed only to the cameras. 
2. Vertical driving signal. Consists of 
square wave pulses of longer duration 
than above (equal in width or time to 
15 to 20 H driving pulses) and occur at 
the vertical frequency of CO cps. These 
pulses are also fed only to the camera, 
and trigger the camera vertical saw¬ 
tooth generator for the pickup tube. 
They are also used to trigger the cam¬ 
era blanking generator, thus blanking 
the vertical return trace of the pickup 
tube. 
3. Kinescope horizontal blanking sig¬ 
nal. Consists of square wave pulses at 
the horizontal scanning frequency of 
15,750 cps. They are added to the trans¬ 
mitted video signal for the purpose of 
driving the receiver kinescope into the 
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cutoff legion, blacking out the it trace 
of the horizontal lines. This signal is 
transmitted at the “maximum black” 
leve', and forms the “pedestal” voltage 
upon which the horizontal sync pulse is 
transmitted in the “blacker-than-black” 
region. 
4. Kinescope Vertical Blanking Signal. 
Longer duration pedestals than above 
transmitted at the same black level at 
the vertical frequency of 60 cps. Their 
purpose is to drive the kinescope tube 
into the cutoff region, blacking the tube 
during the longer vertical retrace time. 
5. Horizontal synchronizing signal. 
Short duration pulses at 15,750 cps, 
slightly narrower than the horizontal 
pedestal upon which it is properly posi¬ 
tioned in time, used to trigger the hori¬ 
zontal sweep generators at the receiver 
kinescope initiating the return sweep at 
the end of each line, occur at the same 
time as the H driving pulses for the 
camera. 

6. Vertical synchronizing signal. “Ser¬ 
rated” type pulses of longer duration 
than above at the vertical frequency of 
60 cps. They are properly placed in time 
upon the vertical pedestal, or blanking 
pulse. Used to trigger the vertical 
sweep generators at the receiver kine¬ 
scope, initiating the return of the beam 
from bottom to top at end of each field. 
Reasons for the “serrated” form were 
briefly covered in section 1.10, Chapter 
1, and will be amplified further later in 
this section. 
7. Equalizing signal. Consists of short 
duration pulses also placed upon the 
vertical pedestal voltage, and immedi¬ 
ately precede and follow the vertical 
sync pulses. They are used to achieve 
uniform vertical firing of the receiver 
retrace, and prevent line pairing other¬ 
wise resulting in interlaced scanning. 
This was briefly discussed in section 
1.10 of Chapter 1, and further discussed 
later’ in this section. 

Video out|xjt from camera. Signal varies (rom 
anax. black to max. white according to picture 
content across line. During retrace portion 
c.-RI,target is driven highly negative by camera 
46.inking generator triggered from H driving 
|iulse oí the sync generator. 

Kinescope blanking pelse from sync generator 
at time ol camera H .riving pulse. This pulse 
■is slightly wider than the camera blanking pulse 
an (i). 

Drawings (ï) and (2) mixed together forming 
the video signal and fl pedestal clipped in the 
" blacker-than-black" region. Amount of blank¬ 
ing above max. signal black is the "setup" 
The Pedestal blanks the receiver picture tube 
(kinescope) during retrace. 

The H sync pulse from generator at same time 
of camera H driving puls, (drawing 1) added to 
pedestal voltage. Th s triggers the retrace of 
the H sweep circuit al the receiver. 

Relative Ie ve Is of signals at output of video 
transmitter. 

Figure 3.2A. Formation of blanking and sync pulses on video line signal. 
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8. Oscilloscope driving signal. Used 
only to provide waveform monitoring 
sweeps for the oscilloscopes at the 
studio or transmitter. Since it is best 
to obtain oscilloscope patterns that are 
two lines or two fields in length, these 
driving signals are one-half the line 
and frame frequencies; namely 7,875 
for the line waveform monitoring and 
30 for the field waveform monitoring. 

Fig. 3.2A illustrates what happens at 
the line frequency. Drawing 1 shows 
the camera video line signal, with the 
retrace portion at the end of one line 
and beginning of the next line. At this 
time, the camera blanking generators 
are triggered from the H driving sig¬ 
nals which cause retrace, and drives 
the video into the black reference level. 
Drawing 2 illustrates the kinescope H 
blanking pedestal as generated by the 
sync generator at the same time as the 
camera H driving pulse. Drawing 3 
shows the addition of (1) and (2), 
clipped by means of “clipping ampli¬ 
fiers” to a predetermined level. The 
“setup level” is also shown here. Draw¬ 
ing 4 shows the addition of the H sync 
pulse at the same position in time as 
the H driving pulse of the camera. The 
distance from the start of the pedestal 
pulse to the start of the sync pulse is 
known as the “front porch”; the dis¬ 
tance from the trailing edge of the sync 
pulse to the end of the pedestal is the 
“back porch.” Drawing 5 illustrates the 
comparative levels as they should ap¬ 
pear at the output of the TV video 
transmitter. Maximum white level is 
held close to 15% of maximum carrier, 
and maximum black level is set at 75% 
of maximum carrier voltage. Thus the 
sync pulses in the “blacker-than-black” 
region are the only pulses which drive 
the carrier to 100% modulation. 

Fig. 3.2B shows the definition of 
terms used in describing pulse charac¬ 
teristics. Drawing (a) shows the lead¬ 
ing and trailing edges of a pulse. Draw¬ 
ing (b) illustrates the duration of H, 
or 1 H. This distance is the time from 
the leading edge of one H sync pulse to 
the leading edge of the next sync pulse. 
This may be seen to be the length of 

Figure 3.2B. Illustrating the definition of the 
terms “leading edge" and “trailing edge" of a 

pulse, and the meaning of 1 H. 

one horizontal line of picture informa¬ 
tion. The reader should observe here 
that all of this interval does not con¬ 
tain “active” picture information. The 
time involved includes the back porch 
of one blanking pedestal and the front 
porch of the next blanking pedestal, 
therefore includes one whole horizontal 
blanking pulse. Therefore, 1 H is the 

1 
line interval of - or 63.5 micro-

15,750 
seconds. The time of the active scan is 
63.5 minus the time of the H pedestal 
(0.18H) which is 63.5 X 0.18 or 11.43 
microseconds. Thus 63.5 — 11.43 is 52.1 
microseconds of active line scan. Refer 
to the table in section 1.10 of Chapter 1 
for the time of the various pulses in re¬ 
lation to H. The reader should be able 
to quote this table from memory. 

It is now possible to discuss in detail 
the composite TV waveform as illus¬ 
trated in Fig. 3.2C. This illustrates the 
relative levels and timing of both H and 
V pulses, as well as the allowable toler¬ 
ances. The necessary shaping is also 
shown in this figure. 
Drawings (1) and (2) in Fig. 3.2C 

show the H and V pulses much as we 
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VISUAL TRANSMITTER OUTPUT SIGNAL WAVE FORM 

I - H- TIME FROM START OF ONE LINE TO START 
OF NEXT LINE 

2-V-TIME FROM START OF ONE FIELD TO STAR! 
OF NEXT FIELD 

3- LEADING AND TRAILING EDGES OF VERTICAL. 
BLANKING SHOULD BE COMPLETE IN LESS 
THAN O.l H 

4- LEADING AND TRAILING SLOPES OF HORIZON¬ 
TAL BLANKING MUST BE STEEP ENOUGH TO 
PRESERVE MIN AND MAX VALUES OF <«♦>) 
AND < I > UNDER ALL CONDITIONS OF PICTURE 
CONTENT 

*5- DIMENSONS MARKED WITH AN ASTERISK NDI-
CATE THAT TOLERANCES GIVEN ARE PERMIT¬ 
TED ONLY FOR LONG TIME VARIATIONS AND 
NOT FOR SUCCESSIVE CYCLES 

6- EQUALIZING PULSE AREA SHALL BE BETWEEN 
0 45 AND 3 5 OF THE AREA OT A HORIZONTAL 
SYNC PULSE 

7- REFER TO TEXT FOR FURTHER EXPLANATIONS 
AND TOLERANCES 

0- THE VALUES OF X IS UNDETERMINED BUT 
REPRESENTS EFFECT OF REGULATION DUE TO 
PICTURE CONTENT 

Figure 3.2C. Courtesy RTMA. 

have discussed them in this section. At 
the left are the last few lines of a field, 
showing the H pedestals and sync 
pulses. Upon reaching the bottom of the 
picture (end of a field) the V blanking 
takes over. The equalizing and vertical 
sync pulses are constructed upon this V 
pedestal. The equalizing pulses assure 
that the receiver integrating circuit 
“fires” the V retrace at the same time 

and level for each field as discussed ear¬ 
lier. The actual V retrace occurs during 
the V sync pulses after the first six 
equalizing pulses, thus giving positive 
assurance that the retrace occurs well 
after the kinescope screen is blanked. 
Horizontal sync is maintained during 
this vertical blanking by the equalizing 
and serrated vertical sync pulses. At 
the conclusion of this V blanking pedes-
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tai, the scanning beam at the receiver 
has been returned to the top of the pic¬ 
ture as shown, and the next field is 
started. 

Details of the H blanking and sync 
pulse are shown in drawing 5 of Fig. 
3.2C, which details the area 5-5 in 
drawing 3. It is noted here that the 
sides are not exactly straight, since this 
would correspond to an instantaneous 
change of infinite value of voltage im¬ 
possible to obtain in any amplifier. The 
sides in this case are “sloped” an 
amount corresponding to a maximum 
of 0.004 H, which means 4 thousandths 
of 63.5 microseconds. (See Note 4 of 
the Fig.) The duration (width) of the 
blanking pulse must be sufficiently long 
to cover the H retrace in the most in¬ 
efficient receiver. The sync pulse is de¬ 
layed from the start of the blanking 
pulse to form the front porch, so that 
blanking of the kinescope is assured 
before the retrace is triggered. Draw¬ 
ing 3 illustrates the details of the trail¬ 
ing edge of the vertical blanking and 
the following H line blanking and sync. 
Drawing 4 details the sixth equalizing 
pulse and first vertical sync pulse. The 
action of these pulses will be reviewed 
and presented in greater detail at this 
time before actual functioning of the 
sync generator is outlined. 

The sequence of pulses as shown in 
drawings 1 and 2 of Fig. 3.2C should 
become so familiar to the reader that 
he may draw them roughly from mem¬ 
ory. Interlacing of the scanning lines is 
revealed in drawing 2 which shows the 
time-displacement of the H blanking at 
the left of the V blanking to be 0.5H with 
respect to those at the number 1 draw¬ 
ing. This is to say, that if drawing 1 
was the first field of a complete frame, 
the lines of drawing 2 fall in alternate 
positions to the lines of field one which 
is a time-displacement of one-half line 
interval or 0.5H. Also to be remembered 
from these drawings are the following 
facts: 
1. The six equalizing pulses may be 

seen to be equal to 3H, or twice the 
line frequency. 

2. The V sync pulse interval consists 
of six wider pulses (actually a sin¬ 
gle wide pulse with six slots making 
it appear to be six separate pulses) 
also at 3H interval or twice the line 
frequency. 

3. Followed by six more equalizing 
pulses identical to those preceding 
the V sync interval and 

4. H sync pulses transmitted for the 
remainder of the V blanking pulse. 
In addition to the above the reader 
should keep in mind that regardless 
of the purpose of these pulses, they 
must also maintain H sync of the 
receiver. The equalizing pulses main¬ 
tain interlacing and H sync, the V 
sync pulses trigger the receiver ver¬ 
tical retrace and maintain H sync, 
and regular H sync pulses following 
the last equalizing pulses maintain 
H sync. It is this need for maintain¬ 
ing H sync during the V blanking 
interval that the vertical sync pulse 
must be split up into serrations. The 
“slots” are approximately equal in 
duration to the H sync pulses, and 
since they are of twice line fre¬ 
quency, every other serration main¬ 
tains the H sweep oscillator in the 
receiver in proper sync. This is de¬ 
scribed below. Since the equalizing 
pulses are also of twice line fre-
quency, every other pulse maintains 
H sync, also described below. 

The most natural question at this 
point is why the equalizing pulses and 
V sync pulses are made twice the line 
frequency (2 X 15,750 or 31,500 cps). 
When we speak of the V sync pulses 
being of twice the line frequency, bear 
in mind this relates to the serrations of 
the actual pulse, but that this pulse oc¬ 
curs at the field rate of 60 times per 
second, or 60 cps. 

The answer to this question is that 
since the rasters produced in alternate 
fields are displaced by one-half of a 
line (interlaced scanning), means must 
be provided so that a choice of the 
proper alternate pulse makes available 
an H sync pulse at the end of the scan¬ 
ning line for either even or odd fields. 

104 • 



Inside the TV Control Room 

VERTICAL 
EQUALIZING PULSES SYNC PULSES EQUALIZING PULSES 

INTERVAL, SHORT DIS¬ 
CHARGING INTERVAL) 

Figure 3.2D. 

Since the pulses are twice the line fre¬ 
quency, they are 0.5H (half-line) apart 
as shown in drawing 1 and 2 of Fig. 
3.2C. Hence either the interval H or 
H/2 is available. This feature is im¬ 
portant in maintaining accurate inter¬ 
lacing and will become clearer as the 
discussion progresses. Lack of proper 
interlacing results in pairing which se¬ 
riously affects the picture quality. Sec¬ 
tion 1.10, Chapter 1 should be reviewed 
at this time. 

It is recalled that an integrating cir¬ 
cuit in the receiver builds up a charge 
across the integrating capacitor to a 
voltage sufficient to trigger the vertical 
sweep oscillator to cause retrace of the 
beam from bottom to top of the raster. 
Since there is a half-line difference be¬ 
tween fields, the integrating capacitor 
would (without equalizing pulses) have 
a different charge upon it at the start 
of each charging cycle (vertical sync 
pulses), hence would fire at a different 
time for each field. It is the purpose of 
the equalizing pulses to equalize this 
difference between fields of the charg¬ 
ing action on the integrating capacitor. 

Fig. 3.2D illustrates this function. At 
the left of the drawing it is noted that 
curves a and b are a “half-line” out at 
step, representing the charging curves 
of an odd and an even field. This would 
obviously cause a discrepancy in timing 
of the integrating capacitor charging 
cycle. When the equalizing pulses start, 
the. capacitor charges over a very small 
time, and discharges over a relatively 
long time. At this point, regardless of 
whether the field is an even one or an 
odd one, the integration takes place at 
the same relative time ahead of the 
vertical sync pulses. By the time the 
first V sync pulse arrives, the curves 
a and b are shown almost converged, 
showing that the capacitor will start 
charging at approximately the same 
level for each succeeding field. The in¬ 
tegrating capacitor is charged over the 
duration of each V sync pulse as shown 
until by the end of the sixth serration, 
the capacitor has reached the voltage 
at which it will discharge through the 
circuit which triggers the V sweep os¬ 
cillator, causing the beam retrace from 
bottom of raster to top. Of course it is 
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necessary for the beam to remain cut¬ 
off during the rest of the retrace, hence 
the blanking pedestal is in effect for 
some time longer. A second set of equal¬ 
izing pulses follows, during which time 
the capacitor is discharged at an equal¬ 
ized rate, aiding in the overall function 
of the pulses. As shown in drawing 4 
and note 6 of Fig. 3.2C, the equalizing 
pulse is one-half the width of the H 
sync pulse. If the equalizing pulses were 
made the same width as the H sync, the 
integrating capacitoi- would charge 
over a longer period of time during 
their influence in the circuit and cause 
possible premature firing of the V 
sweep generator in the receiver. 

As already pointed out, it is very nec¬ 
essary to maintain the H sweep oscilla¬ 
tor in perfect sync during this V blank¬ 
ing, otherwise the H sweep would be 
out of sync after each field. It is re¬ 
called that the receiver II sweep oscil¬ 
lator is driven from a differentiating 
circuit which accepts the higher line 

frequencies (15,750 cps) and above. 
Therefore, in order that the H sweep 
circuits be driven during the low fre¬ 
quency (60 cps) vertical blanking and 
sync time, the V sync and equalizing 
pulses are twice the line frequency as 
described. The action of the receiver 
during this time is illustrated in Fig. 
3.2E. In drawing A the action of the 
differentiating circuit upon the usual H 
sync pulses may be observed, which 
shows that the leading edge of each 
pulse triggers a discharge through the 
succeeding stage to drive the H sweep 
generator and cause the H retrace of 
the scanning beam. Drawing B shows 
how the H sync is maintained during 
vertical blanking by the arrangement 
of vertical pulses which are constructed 
upon the 60 cps V blanking signal. 

At this time the reader may wonder 
why the 31,500 cps frequency of equal¬ 
izing and V sync pulses does not “sync” 
the horizontal sweep oscillator at this 
same frequency. The answer is that the 
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receiver H sweep oscillator is essen¬ 
tially a “free-running” type, and in or¬ 
der to “lock in” the circuit it is neces¬ 
sary for the “lock in” voltage to be very 
close to the same frequency. Thus if 
this free-running oscillator is adjusted 
close to 15,750 cps, frequencies of dou¬ 
ble this rate have no effect upon its op¬ 
eration, whereas frequencies of 15,750 
cps will lock the oscillator in with 15,-
750 cps. In this way every other pulse 
of those constructed upon the V blank¬ 
ing pedestal will affect the firing of the 
oscillator, thus maintaining lock-in at 
the horizontal line frequency. 

Lest the reader become confused at 
this point in trying to correlate receiver 
action with studio camera action, it is 
well to point out why the complex trans¬ 
mitted waveform is not necessary at the 
studio equipment end. In fact, the sync 
pulses are not inserted into the video 
waveform until some point after the 
final switching point at the studio, 
otherwise switching from one signal 
source to another could cause momen¬ 
tary loss of synchronization. The an¬ 
swer is that all receiver sync control 
pulses must be transmitted over a sin¬ 
gle channel, which constitutes the band 

Figure 3.3A. Front and rear views RCA type TG-1 A Synchronizing Generator. Courtesy RCA. 
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CFOR OSCILLOSCOPE 
DRIVING) 

Figure 3.3B. Block Diagram of Pulse Former (timing) Unit in RCA Sync Generator. 

allotted to any TV transmitter. Condi¬ 
tions are different at the studio. The 
cameras and control monitors are op¬ 
erated from the driving pulses (in syn¬ 
chronism with the transmitted sync 
pulses) from the sync generator. The 
H and V driving pulses are usually fed 
to the equipment completely independ¬ 
ent of each other and over separate 
coaxial cable circuits. These driving 
pulses directly trigger the sawtooth 
scanning generators, and the only pos¬ 
sible interlacing errors would be in¬ 
herent errors in the driving signals 
themselves. 

3.3 The Synchronizing Generator 

Fig. 3.3A illustrates a typical com¬ 
mercial sync generator widely used in 
TV studios. This particular unit con¬ 
tains 60 tubes including the regulated 
power supply comprising the bottom 
section of the rack. The top section con¬ 
tains the pulse forming circuits and the 
center section comprises the pulse shap¬ 
ing circuits. The built-in oscilloscope is 
provided with a selector switch to check 
the step-down ratio of any of the fre¬ 
quency-dividing counter' circuits. 

The pulse-forming unit contains the 
master oscillator from which all the va¬ 
rious timing pulses at the required fre¬ 
quencies are obtained. This master os¬ 
cillator may be locked in either (1) 
from the local 60 cycle power line fre¬ 
quency, (2) with a crystal oscillator or 
(3) with any desired external source 
such as sync signals generated from a 
field pickup remote from the studio. In 
addition, it may operate as a free-run¬ 
ning oscillator. 

The pulse-shaping unit accepts the 
signals from the above section and 
shape them to the required waveform. 
These various signals are fed to ten 
output connectors on a subpanel at the 
base of this section. These coaxial out¬ 
puts provide two connections for each 
signal, either positive or negative po¬ 
larity as may be required for the asso¬ 
ciated equipment. When more than one 
signal chain is to be fed, isolation am¬ 
plifiers are used to isolate the various 
circuits being driven. Flexible coaxial 
lines of 75 ohms, such as RG11/U or 
RG59/U, run from these output con¬ 
nectors to the camera control units, 
mixing amplifiers, etc. All AC power 
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input to the rack is controlled by a cir¬ 
cuit-breaker switch at the bottom of 
the pulse-shaper unit (center section). 

Fig. 3.3B is a block diagram of the 
pulse former unit for the sync genera¬ 
tor of Fig. 3.3A. The master oscillator 
is essentially a free-running type with 
a reactance tube across the tank for au¬ 
tomatic frequency control (AFC). The 
output is a sine wave. This 31,500 cps 
sine-wave is fed to a “limiter” or “clip¬ 
per” amplifier, which squares off the 
tips of the sine-wave to achieve a rec¬ 
tangular waveform at the same fre¬ 
quency. The clipper has four output 
connections as follows: (1) direct line 
to furnish the 31,500 pps to the pulse¬ 
shaper unit, (2) excitation through a 
buffer amplifier to a 2:1 frequency 
divider which supplies the resulting 
15,750 pulses per second to the pulse¬ 
shaper unit, (3) excitation through a 
buffer amplifier to the 7,5,5,3 f requency 
divider (section 1.10, Chapter 1), which 
supplies the 60 pps to the shaper unit 
from which a feedback loop is run to 
the 60 cycle lock circuit for the AFC 
voltage, and (4) excitation through a 
buffer amplifier to the frequency divider 
which delivers 7875 pps to be used in 
waveform monitoring at the studio posi¬ 
tions. 

The sync generator is usually oper¬ 
ated so that it is timed, or locked in, 
with the power line frequency. Fig. 

3.3C is a basic diagram showing the 
principles of a 60 cycle lock circuit for 
AFC of the sync generator. It may be 
seen that the arrangement is the usual 
AFC discriminator and reactance tube 
combination. A small voltage from the 
power line is fed between cathode cen¬ 
ter tap and the voltage-dividers R, and 
Rs of the discriminator, through which 
the grid of the reactance tube receives 
its negative bias. An additional voltage 
is transformer coupled into the cathode 
circuit of the discriminator as shown. 
This voltage is a component from the 
final count-down circuit of the 7,5,5,3 
chain which is a 60 cps pulse derived 
initially from the master oscillator it¬ 
self. The manner in which these two 60 
cps voltages are coupled into the dis¬ 
criminator results in a phase relation¬ 
ship between them of 90 degrees. When 
this is exactly true, the rectified output 
in the balanced network of R, and R, 
will be equal in absolute values but op¬ 
posite in polarity, resulting in zero out¬ 
put for these two reference voltages. At 
this time the reactance tube bias will be 
at its normal control voltage. Since any 
change in frequency of the 60 cps volt¬ 
age from the count-down circuits will 
affect the normal 90 degree phase re¬ 
lationship with the line voltage fre¬ 
quency, the output voltage of the dis¬ 
criminator will be of a magnitude de¬ 
pendent upon the amount of frequency 

Figure 3.3C. Basic diagram of a 60 — lock circuit as used in synchronizing generators. 
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EXCESSIVE 
BIAS 
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Figure 3.3C. (1) Fundamental clipper circuits. 
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Figure 3.3D. Fundamentals of Duo-Diode Counter Circuit and Blocking Oscillator. 

difference, and negative or positive de¬ 
pending upon the direction of deviation 
in frequency. This, then, either adds or 
detracts from the normal bias on the 
reactance tube, correcting the fre-
o,uency of the master oscillai or. The 
connection from the discriminator to 
the grid of the reactance tube is filtered 
as shown to allow only pure DC volt¬ 
ages to be applied *o the AFC action. 

Clipping circuits vary in methods 
and application. Such circuits may be 
used to square off extremities of a sinu¬ 
soidal wave, or may have pulsed wave¬ 
forms applied in which case the clipper 
removes either positive or negative tips 
of the waveform. Any of the usual 
methods are found in commercial equip¬ 
ment; series or parallel diode clipping, 
class C amplifier, plate saturation, or 
grid clipping. For convenience, funda¬ 
mental clipper circuits are reviewed in 
Fig. 3.3C (1). 

Early forms of frequency divider cir¬ 
cuits utilized the principle of locking 
in a multivibrator type of circuit to one 
of its natural sub-multiple frequencies. 
This method has been largely replaced 
in modern sync generator circuits by 
triggering a blocking oscillator with a 
duo-diode counter circuit, achieving 

maximum stability. This is illustrated 
in Fig. 3.3D. This shows a basic circuit 
used to trigger a blocking oscillator by 
such a counter circuit, as described in 
the following paragraphs. 

Following the diagram of Fig. 3.3D, 
it is seen that positive pulses from the 
clipper and buffer amplifiers are ap¬ 
plied to the input terminals of the coun¬ 
ter circuit at the master oscillator fre¬ 
quency of 31,500 pps. Capacitor C¡ is 
of much larger capacitance than C-.. 
When a positive leading edge of the in¬ 
put pulse is applied, the plate of section 
2 is driven positive and this section of 
the tube conducts, charging capacitor 
C2. This capacitor charges to only a 
small fraction of the applied voltage, 
since its value is quite large in ratio 
to Ci. When the trailing edge of the in¬ 
put pulse arrives corresponding to a 
sudden negative excursion, C, dis¬ 
charges through the number 1 section 
of the duo-diode, since the cathode is 
driven negative with respect to the 
plate. C: however must retain its small 
charge since it cannot discharge through 
its section of the tube due to the re¬ 
sulting negative charge upon its plate. 
Upon the next leading edge of a pulse 
(positive excursion) the same cycle of 
charging of C2 takes place, and upon 
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the trailing edge the same cycle of dis¬ 
charging of Ci recurs. In this manner 
the voltage across C- is built up in steps 
with a definite increase in charge for 
each leading edge of an applied pulse. 
The step-up of charge decreases ex¬ 
ponentially as the stored voltage ap¬ 
proaches the amplitude of the applied 
pulse due to the exponential charging 
rate of a capacitor. Thus it is noted in 
the drawing that the last few steps are 
small in increase value. When the posi¬ 
tive voltage across C2 is at a certain 
value, the bias on the blocking tube os¬ 
cillator which has held the tube below 
cutoff is now overcome, and conduction 
begins, producing a pulse of plate cur¬ 
rent. The feedback transformer then 
produces a corresponding positive pulse 
in the grid circuit. When this occurs, C2 

is discharged through the oscillator 
cathode-grid circuit, and is ready to 
start counting all over again. The 
amount to which C2 must be charged be¬ 
fore this trigger action occurs is deter¬ 
mined by the bias across the cathode 
circuit of the blocking oscillator from 
the B plus supply. Thus, if this bias is 
adjusted to obtain triggering upon the 
count of 7, the 31,500 pps input is di¬ 
vided to 4500 pps. 

Actual commercial circuits use isola¬ 
tion or buffer amplifiers after the block¬ 
ing oscillator as shown in Fig. 3.3E. 
This arrangement eliminates the need 
for the tertiary winding on the feed¬ 

back transformer. It should be noted 
that the counting capacitor C2 is actu¬ 
ally two capacitors as shown, so that 
the associated test oscilloscope may be 
conveniently driven from that point. 
This figure illustrates the chain of 
7,5,5,3 frequency dividers to obtain the 
60 pps for the pulse-shaping unit, with 
related waveforms appearing on the 
test oscilloscope associated with the 
sync generator. By this means the op¬ 
erator may count the number of steps 
of charge for the counting capacitor, 
and ascertain the accuracy of fre¬ 
quency division in each stage. 

The pulse-forming unit, then, derives 
all the necessary frequencies needed in 
synchronization from the one master 
oscillator, and delivers them to the 
pulse-shaper unit. The pulse-former 
may be thought of as the initial pulse 
generator- and timer for the pulse¬ 
shaper. 

A block diagram of the pulse-shaper 
unit is presented in Fig. 3.3F. Note 
first the outputs of the line amplifiers 
(symbol LA in diagram). Line ampli¬ 
fier No. 1 contains the video blanking. 
It is recalled that both horizontal and 
vertical blanking must be used, hence 
this amplifier actually presents the out¬ 
put of a composite wave representing 
both H and V blanking pulses. LA No. 
2 gives the composite oscilloscope sync 
signals, both the field test of 30 cps 
and the line test of 7875 cps. LA No. 3 

Figure 3.3E. Elementary arrangement of 7, 5, 5, 3, frequency divider to obtain 60 pps from the master 
oscillator frequency of 31,500 cps. 
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contains only one signal ; the Vertical 
driving pulses for the camera chain at 
the studio. LA No. 5 also is a single 
pulse amplifier; the horizontal pulse 
rate for driving the camera chain. LA 
No. 4 presents the sync pulses, actually 
a composite signal of both II and V 
pulses; the V sync in themselves com¬ 
prising a complex wave of equalizing 
pulses and serrated sync pulses. 

The action of this unit will now be 
broken down into segments so that the 
over-all function will be illustrated. 
First, it is necessary to realize that the 
various multi-vibrator oscillators (des¬ 
ignated MV in diagram) operate con¬ 
tinuously as timed by the pulse-former 
unit. Thus, when it is necessary to de¬ 
liver, for example, the six serrated V 
sync pulses to the composite signal, a 
“pulse-keying” circuit is used to allow 
this MV to pass exactly six such pu’.ses, 
then to “block” the continuing pulses 
for the required amount of time. Ob¬ 

serve Fig. 3.3G. drawing A. This shows 
the basic action of a “keying-in” cir¬ 
cuit. The screen of the pentode tube is 
operated with no voltage, and circuit 
constants are such that the tube is nor¬ 
mally non-conducting. Thus, although 
the V sync pulses may be continuously 
applied to the grid, no corresponding 
signal voltage appears at the plate out¬ 
put. However, a “keying signal” of 3H 
duration and of positive polarity ap¬ 
plied to the screen will cause the tube 
to conduct during this time interval. 
Thus six V sync pulses of inverted po¬ 
larity appear at the plate output. 
Drawing B illustrates a commercial 
type of keying in circuit. In this case, 
the keying signal must be of negative 
polarity so that, the amplified pulse ap¬ 
plied to the screen of the pentode tube 
is a positive pulse, causing conduction 
(luring this time interval. 

In some instances it is necessary to 
utilize a keying-out circuit. One such 
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The screen is operated with no voltage and con¬ 
duction does not ordinarily occur. When the 
positive keying signal is applied to the screen, 
the tube conducts and passes the applied V sync 
pulse (or the duration of the keying signal only. 

NO SCREEN VOLTS APPLIED 
EXCEPT FROM KEYING 

SIGNAL 

BASIC FUNCTION OF A "KEYING IN*’ CIRCUIT 

KEYING SIGNAL 

V SYNC SIGNAL 

KEYING TRIODE PENTODE AMP 

As in (A) above, the pentode screen has no B» 
voltage. A negative keying pulse of the desired 
width applied to the triode results in a positive 
pulse of the same duration applied to the screen 
of the pentode. The pentode then conducts, and 
the V sync pulses continousiy applied to the grid 
of the pentode are passed for the duration of the 
keying pulse. 

COMMERCIAL TYPE OF “KEYING IN" CIRCUIT 

A positive keying signal applied to the triode 
COMMERCIAL TYPE OF "KEYING" OUT CIRCUIT grid results in a negative keying pulse of over 

25 volts applied to the pentode screen. This 
drives the pentode to a non-conducting period 
over the duration of the keying signal. 

Figure 3.3G. (A) Basic function of a “Keying In” circuit. (B) Commercial type of “Keying In” circuit. 
(C) Commercial type of "Keying Out" circuit. 
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application is in eliminating the 15,750 
pps H sync pulses during the V sync 
interval every sixtieth of a second. A 
commercial type of keying-out circuit 
is shown in drawing C of Fig. 3.3G. 
Here it is observed that the screen of 
the pentode is operated with a low 
screen voltage of about 25 volts. The 
continuously applied H sync pulses at 
the grid circuit are passed during the 
time the screen voltage is plus 25 volts. 
When the positive 60 pps keying signal 
is applied at the grid of the triode, a 
negative pulse of over 25 volts is ap¬ 
plied to the screen of the pentode, cut¬ 
ting off conduction during this interval. 
Thus the H pulses are keyed-out 60 
times per second for the required time 
as determined by the duration of the 
keying signal. Keying circuits are some¬ 
times termed “gate circuits.” 

The leading edges of the equalizing 
pulses which are derived directly from 
the 31,500 cps master oscillator, are 
used as the timing source for the vari¬ 
ous multivibrators. Since some pulses 
must be delayed in time from other 
pulses, special delay circuits are used 
for the purpose. Such a circuit some¬ 
times takes the form of an artificial 
transmission line terminated in its 
characteristic impedance as shown in 
Fig. 3.3H. The amount of delay is rela¬ 
tive to the number of sections contain¬ 
ing lumped inductances and capaci¬ 
tances. For example the pedestal 
(blanking) signals must start ahead of 
the sync signals to assure that the kine¬ 
scope tube is blanked before start of 
the retrace. Thus the sync signals are 
delayed in respect to the pedestal sig¬ 
nals. 

Referring back to the block diagram 
of Fig. 3.3F, it is noted that the sim-

Figure 3.3H. One type of delay circuit as used 
in synchronizing generators. 

plest chain is that feeding the line am¬ 
plifier LA 3 which supplies the vertical 
driving pulses for the camera chain at 
the studio. This chain consists of a sin¬ 
gle multivibrator circuit triggered 
from the 60 cps bus which receives the 
final count-down from the 7,5,5,3 count¬ 
ers from the 31,500 cps master oscilla¬ 
tor. This is a conventional multivibra¬ 
tor circuit (see section 2.3, Chapter 2), 
supplying the vertical driving pulses. 
The width of this pulse is determined 
by the value of grid resistance in the 
MV circuit, which is fixed at an exact 
amount to properly proportion the V 
driving pulse. The output of LA 3 pro¬ 
vides 60 pps driving pulses for the cam¬ 
eras, of either positive or negative po¬ 
larity as required by the associated 
equipment. The horizontal driving sig¬ 
nal is similarly derived from the 15,750 
pps bus; the multivibrator MV 10 being 
triggered through the delay network 
D4. MV 10 properly adjusts the width 
of the H driving pulses. It should be 
mentioned at this time that all of the 
line amplifiers act as limiters. This is 
to assure flat tops on all pulse wave¬ 
forms. 

We may now investigate the chains 
in the pulse-shaper unit which con¬ 
trols the waveforms needed for trans¬ 
mission on the radio-frequency carrier 
wave output of the transmitter (Fig. 
3.2C). The video blanking signal from 
line amplifier LA 1 is actually a com¬ 
posite signal of both 60 cps V blanking 
and 15,750 cps H blanking. The 60 cycle 
pulses are formed by MV1, triggered 
by pulses from the 60 cycle bus. The 
15,750 cycle pulses are formed by MV7 
through the delay network D2. Both 
signals are mixed into the clipper-mixer 
CM3. The basic action of this circuit 
is illustrated in Fig. 3.31. The two sig¬ 
nals are combined in the common load 
resistor RL. The H pulses (15,750 cps) 
which happen to occur during the V 
(60 cps) pulses stand up on top of the 
V pulses as if on a pedestal. This is 
partially removed in the clipper section 
of this stage. Complete removal takes 
place in tne following stage, Clipper C4. 
This is shown in Fig. 3.3J. Thus the 
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Figure 3.3 . Basic action of clipper-mixer stage for video blanking. 

composite H and V video blanking sig¬ 
nal is furnished to the line amplifier. 
These pulses are much broader than the 
H and V sync pulses so that the receiv¬ 
er kinescope is adequately blanked be¬ 
fore retrace starts. 

The synchronizing signal at line am¬ 
plifier LA4 is the culmination of the 
most complex chain of functions in the 
entire sync generator. The final RTMA 
sync signal is shown in curve (I) of 
Fig. 3.3K. Refer again to the block 
diagram of Fig. 3.3F during this dis¬ 
cussion. The V sync pulse (curve g) as 
discussed earlier, consists of six flat¬ 
topped pulses of 31,500 cps repeated 
(as a group) sixty times a second. 
These pulses by themselves (curve e) 
are provided by multivibrator MV6 
driven by a pulse from buffer’ B5. The 

leading edges of the keying-in pulse 
waveform (curve f) is precisely con¬ 
trolled so that it will fall between the 
pulses of wave (e) which is the original 
V sync pulse. In order to insure this 
function, the keying pulse, curve (b) 
obtained from MV4 is fed to CM1 
which also receives the original V sync 
pulse (curve e) from MV6. The circuit 
of CM1 is so arranged that the follow¬ 
ing MV5 will be triggered by the first 
(e) wave that follows the trailing edge 
of the (b) wave. Therefore the leading 
edge of the “keyed-in” vertical sync 
pulse (curve g) will occur slightly after 
the leading edge of the keying-in pulse 
(curve f). 
The horizontal sync pulse (curve d) 

is formed by combining in limiter-mixer 
M3 the 60 cycle pulses from MV3 with 
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the 15,750 cycle pulses from MV9, after 
which the combined signal is clipped in 
clipper C6. In this way the H sync 
pulses are keyed out 60 times per sec¬ 
ond during the V sync period. The 
equalizing pulses (curve a) are formed 
by MV 11. The keying-out pulse shown 
in curve (c) serves to depress every 
other pulse of equalizing wave, except 
during the V sync interval, and are 
removed by the sync clipper C5. This 
keying out pulse is formed by combin¬ 
ing in mixer M2 the 60 cycle pulses 
from MV3 with the 15,750 cycle pulses 
from MV8, and clipping the combined 
wave in CM4. Curves a-c-d-gwhen com¬ 
bined appear as in curve h. This signal 
is then fed to the two-stage sync clip¬ 
per C5 where the pulse forms above and 
below the dotted lines are removed. The 
final RTMA sync waveform (curve I) 
results. 

The oscilloscope driving signals for 
waveform monitoring is a composite 
signal of 30 and 7875 cycle pulses. The 
30 cycle pulses for field waveform moni¬ 
toring are provided by MV 13 driven 
from the 60 cycle bus through buffer 
B21 and MV 12. The 7875 cycle pulses 
for line waveform monitoring are from 
the frequency-divider circuit in the pre¬ 
vious pulse-former unit. The signals are 

combined in mixer M3, and fed to the 
line amplifier LA2. 

It is noted that the oscillators used 
in the pulse-former (timer) unit were 
of the blocking tube type, whereas 
those in the shaper unit just discussed 
were of the multivibrator type. It is 
now general practice to use the block¬ 
ing tube oscillator for frequency ratios 
greater than 2:1, and the multivibrator 
for 2:1 ratios. Since the timer unit 
must employ frequency divisions as 
great as 7:1, the blocking oscillator is 
used in conjunction with a counter 
tube circuit. 

It is possible at this point to investi¬ 
gate the basics of how the various 
pulses are shaped in exact accordance 
with RTMA standards adopted by the 
industry. Notation should be made at 
this time that the actual form of the 
transmitted composite signal is not 
made at the output of the sync genera¬ 
tor; i.e., the sync pulses, for example, 
are not placed upon the blanking ped¬ 
estals but simply are available sepa¬ 
rately as shown in the block diagram. 
The final formation therefore is made 
at the point in the transmission system 
where the sync and blanking is mixed 
with the video signal This takes place 
at some point after the final switching 

Figure 3.3J. Basic action of second clipper stcge. The output is the composite blanking signal. 
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Figure 3.3K. How the RTMA sync waveform is formed in the Pulse-Shaoer unit. 

of video sources takes place, since, if 
sync were inserted before the switch¬ 
ing point, momentary loss of sync sig¬ 
nals could occur. The mixing of the 
sync generator signals with the video 
signal is discussed later in this chapter. 

Fig. 3.3L shows the basic action of an 
equalizing pulse multivibrator. This cir¬ 
cuit (drawing A) is triggered from 
squared pulses derived from the 31,500 
cps sine wave oscillator and clipped to 
form the square wave for triggering. 
The grid resistor adjusts the time over 
which the oscillator is active for each 
trigger pulse, hence determines the 
width of the output pulses (drawing 
B). 
To meet the requirements of wave¬ 

forms, square and rectangular shaped 

1 18 • 

pulses must not only be of exact re¬ 
quired width, but must also have steep 
leading and trailing edges and flat tops. 
The fundamentals of controlling these 
characteristics are illustrated in Fig. 
3.3M. Drawing (A) shows a differen¬ 
tiating circuit with square wave pulses 
applied. When the relationship of the 
time of the square wave (T) is ap¬ 
proximately equal to the time constant 
RC, the output of the waveform volt¬ 
age across the resistance is shown im¬ 
mediately to the right. When T is much 
less than RC, as % of the time con¬ 
stant, or less, the output voltage is 
more nearly equal to the applied wave¬ 
form as shown immediately below. 
When T is much greater than RC, as 4 
time constants, or more, the waveform 
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becomes that shown at the bottom 
drawing. In circuits used, for example, 
to narrow an applied pulse, a relatively 
small capacity and low resistance 
(making T greater than RC) serves to 
attenuate the low frequencies and eas¬ 
ily pass the highs. Thus the condition 
of T being much greater than RC re¬ 
sults in the waveform shown at the bot¬ 
tom of drawing (A). The pulse is in¬ 
itially narrowed here, but is not of the 
required waveform. Drawing (B) il¬ 
lustrates how the differentiated wave 
is clipped and squared to produce the 
final waveform shown. The class B am¬ 

plifier clips and squares the wave, the 
resulting narrowed wave being rein¬ 
verted in a class A amplifier. The more 
the value of C in the differentiator is 
reduced, the greater the narrowing of 
the wave as applied to the class B stage. 
This stage, aside from being biased to 
cut-off, operates at low plate voltage (or 
is over-driven), hence squaring off the 
applied peaks due to the overdriven 
condition of the plate current. 

In production of various components 
of signal and keying waves in the sync 
generator, it is sometimes convenient 
to use a “delaying” circuit for an ap-

FEEDBACK CAPACITOR 

B 

ADJUSTMENT OF R 
LENGTHENS OR SHORTENS 
THE TIME THAT THE TUBE 
REMAINS AT CUT-OFF 

Figure 3.3L Basic equalizing pulse multivibrator circuit. The MV is triggered from a rectangular wave 
derived and clipped from the 31,500 cps rnoster oscillator This MV does not divide the frequency, but 

adjusts the width of the pulse to correspond Io the RTMA standarc. 
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plied pulse. Where a slight delay in 
the order- of several microseconds is re¬ 
quired, the circuits of Fig. 3.3N may be 
used. The first step is in passing the 
applied pulse through an integrating 
circuit. Since this is a series R and 
shunt C arrangement, such a circuit 

discriminates against the high fre¬ 
quency components of an applied sig¬ 
nal. This is to say that the leading and 
trailing edges of a square wave, since 
they correspond to the high frequency 
component of the pulse, will become 
sloped as shown. The resulting wave-
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form across C is then applied to a class 
C amplifier which delays the initial rise 
of the pulse by an amount depending 
upon the actual amount of bias below 
cutoff. The pulse is then reinverted in 
polarity in the following class A ampli¬ 
fier, which also acts as a limiter or 
clipper to assure a flat top on :he out¬ 
put pulse. These actions are shown in 
the figure. 

The outputs of the sync generator are 
usually fed to a distribution amplifier, 
sometimes referred to as a pulse dis¬ 
tribution unit. This unit contains a 
number of separate isolation amplifiers 
so that more than one channel may be 
fed without interaction on any other 
channel. As an example it may be nec¬ 
essary to feed the driving signals to 
a number of studio cameras. If isola¬ 
tion amplifiers for the separate cam¬ 
eras were not used, a disturbance such 
as a short circuit on any one camera 
would cause a disturbance or complete 
loss of driving signals to all other cam¬ 
eras. Thus the distribution amplifier 
unit provides a high degree of isolation 
between lines or between any line and 
the source. 

Further technical details of the syn¬ 

chronizing generator are included in 
sections 6.9 and 8.6. 

3.4 The Camera Control Unit 

Each camera used in the studio is 
connected directly to an individual 
Camera Control Unit in the control 
room. This unit enables the video oper¬ 
ator to control and monitor the quality 
of the picture being televised by the 
camera. 

Fig. 3.4A illustrates the monitor and 
control panel of one type of commer¬ 
cial camera control unit. The camera 
monitor reproduces the picture output 
of the camera on a 10-inch Kinescope. 
The lower monitor is a 5-inch oscillo¬ 
scope which displays oscillograms of 
the video signal waveform. By observ¬ 
ing the picture, the video operator is 
enabled to keep the camera in proper 
electrical focus, and maintain any de¬ 
sired level of brightness in the picture. 
Constant brightness level is maintained 
by keeping the oscillogram as displayed 
on the ’scope at a definite amplitude. The 
control chassis in the lower compartment 
of the unit console contains the interme 
diate video amplifier driven by the sig¬ 
nal from the preamp in the pickup 

OSCILLOSCOPE 
BRIGHTNESS 

OSCILLOSCOPE 
FOCUS 

OSCILLOSCOPE 
CALIBRATE 

Figure 3.4A. RCA camera control unit. Details of control panel. 
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head, and circuits for mixing in picture 
blanking signals supplied by the sync 
generator. When only one camera is 
used, the sync pulses may also be in¬ 
troduced in this unit. As a rule, more 
than one camera source is used, re¬ 
quiring switching. In this case, the sync 
pulses are introduced at some point 
after the switcher. Electrical connec¬ 
tions to the camera control unit are 
made through plug-in connectors for 
the coaxial lines. In the unit illustrated, 
five multi-pin connectors on the ampli¬ 
fier chassis provide connections for: 
(1) power input from regulated power 
supply, (2) video signal from the cam¬ 
era preamp, (3) input to the camera 
monitor, (4) blanking and driving 
pulses from the sync generator, and 
(5) video signal output. 
Four controls for the image orthicon 

pickup head are located on the inclined 
desk top as illustrated in Fig. 3.4A. 
These controls are: 
1. Beam current. Adjusts Grid No. 1 

voltage of image orthicon tube in 
pickup head. This voltage is vari¬ 
able between —5 and —85 volts, and 
determines amount of beam current. 

2. Target voltage. Adjusts image orth¬ 
icon target voltage within a few 
volts plus or minus of ground po¬ 
tential. 

3. Image Focus. Termed Photocathode 
Focus on some makes of camera 
control units. Adjusts photocathode 
voltage between —250 and —440 
volts. 

4. Orthicon Focus. Termed Beam Fo¬ 
cus on some makes of camera con¬ 
trol units. Adjusts potential of Grid 
No. 4 (wall coating) of the image 
orthicon, and mostly affects the elec¬ 
tron beam focus at the target of the 
tube. This potential varies between 
150 and 230 volts, the actual value 
being determined by the focus coil 
current used. 
The functions of the above mentioned 

current and voltage values were de¬ 
tailed in sections 2.2 and 2.3 of Chap¬ 
ter 2. 

The controls for the monitor picture 
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tube and oscilloscope are located on 
the inclined panel above the surface of 
the desk. Knobs at the bottom marked 
G and P adjust the video output gain 
(G knob) and blanking (pedestal) am¬ 
plitude (P knob). The waveform oscil¬ 
loscope controls are located at the left. 
Upper left controls adjust focus and 
brightness, lower left control being 
used to calibrate the ’scope. Upper 
right controls are for the picture kine¬ 
scope focus and brightness. The control 
at right center when placed in the “up” 
position allows waveform monitoring at 
the field frequency on the oscilloscope. 
When placed in the down position, the 
’scope monitors the line waveform. 

It is pertinent at this time to discover 
exactly what the purpose of this wave¬ 
form oscilloscope is, and how it func¬ 
tions in practical application. To moni¬ 
tor the line waveform, it is recalled that 
a 7875 cycle (one-half line frequency) 
sweep from the sync generator is sup¬ 
plied to the ’scope deflection circuits. 
Since this sweep frequency is % the 
line frequency two video lines (sepa¬ 
rated by the H blanking pulse) will be 
displayed on the screen of the scope. 
When it is desired to observe the field 
waveform, a suitable 30 cycle sweep is 
applied. Thus two fields (separated by 
the V blanking pulse) will be displayed 
on the screen. The purpose of this is to 
make visible the relative amplitudes 
and waveforms of the video signal and 
blanking-sync pulses. This also permits 
proper video and blanking (pedestal) 
gain adjustments to be made so that an 
overall amplitude corresponding to 
100% modulation of the video trans¬ 
mitter may be maintained. This is the 
video level indication analogous to the 
VU meter in audio transmission. Rela¬ 
tive TV video levels are fully discussed 
in section 3.5 to follow. 

The oscilloscope “calibrate” control 
mentioned above is used to determine 
the amplitude of the waveform as 
shown on the waveform monitor screen. 
When the control is thrown to the “cali¬ 
brate” position, a pulse of some definite 
predetermined value, such as 1.4 volts, 
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Figure 3.4B. (1) Horizontal (line) waveform as shown on the waveform monitor using a sweep of 
7875 cps. The sync is shown inserted here, although not always inserted until after the camera control 
unit monitoring point. The polarity is black negative, standard for output of camera control units. 
Note: When sync is not inserted here, the line waveform observed in the scope is identical, without 
the patterns shown below the blanking level. (2) Vertical (field) waveform observed in the scope with 

a sweep of 30 cps. 

is displayed on the screen which may 
be marked with lines for references. 
The pulse is taken from the regulated 
power supply so that when once ad¬ 
justed to the reference voltage, remains 
of steady-state value. The gain of the 
signal (waveform) may then be ad¬ 
justed to this reference value by the 
camera control operator. 

Fig. 3.4B shows two photographs of 
typical patterns displayed on a camera 
control waveform ’scope. In (1) ap¬ 
pears the line waveform position (7875 
sawtooth sweep) displaying twn video 
lines and the H blanking and sync pulse 
which occurs between each successive 
line. It is noted that the picture at this 
point is black negative polarity. The 
reader should remember that the sync 
pulse is inserted here only when one 
camera, is used with no subsequent 
switching between picture sources. Sync 
is shown added here for completeness 
of discussion. When more than one cam¬ 
era is used, with subsequent switching, 
the same type of pattern appears minus 
the syne pulse shown. 
The video picture waveform needs 

some explanation, since, contrary to 
what is expected by the newcomer, it 
does not display a single line of vary¬ 
ing amplitude as has been represented 
in our drawings of a single video line. 
The actual display of only two picture 
lines would be impossible unless the 
camera were continually scanning only 

two lines over and over. Actually, the 
scope must be considered as scanning 
the video signal, and, although during 
any single sweep of the scope beam two 
horizontal lines will have been scanned 
in the camera and traced out on the 
waveform screen, all the lines of the 
picture are present at the video input 
terminals to the scope. The effect of 
persistence of the fluorescent screen and 
of the human eye, as well as the fact 
that all the lines of the picture are 
traced out on top of each other during 
a single sweep of the scope beam, lends 
pattern as shown in the figure. 

The heavy line appearing at the 
blanking level is also in need of ex¬ 
planation. It should be remembered that 
at the end of each field (262.5 lines) 
the vertical retrace takes place and the 
V blanking pulse is present to blank 
out the kinescope bam during this 
time. Since the waveform monitoring 
scope beam is not blanked during this 
time, and is still sweeping the screen, 
the vertical pedestal voltage is traced 
out in the horizontal direction as shown. 
It is a relatively heavy line because the 
V pedestal is some 13 to 21 horizontal 
lines in duration (per field) thus is 
swept over a wide portion of the screen. 
The long interrupted lines at the sync 
tip level are the V sync pulses placed 
atop the V pedestal. They are of longer 
duration than the H syne, and are ser-
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rated in form. Details of operational 
interpretation are given in Chapter 6. 

When the monitor sweep is set at 30 
cps, the field frequency waveform is 
displayed as in (2) of Fig. 3.4B. A sin¬ 
gle sweep now takes place in 1/30 sec¬ 
ond, and the lines of one field are traced 
out to the left of the V pedestal, and the 
following field is traced out to the right. 
The line at the extreme bottom is com¬ 
posed of the horizontal sync pulses for 
the lines comprising the fields above, 
and therefore do not appear if sync is 
not inserted at the camera control unit. 
Since there are approximately 262 such 
pulses for each field (one at the end of 
each line, 262.5 lines per field), the 
pulses appear as a horizontal line 
across the screen. The serrated V sync 
pulses are also on this line immediately 
under the V pedestal, but are hardly 
distinguishable as such due to their 
short time duration in ratio to the scope 
sweep of 1/30 second. In this case the 
heavy line at the blanking level is made 
up of the horizontal pedestals for the 
lines in the above fields. 
A block diagram of the video and 

blanking mixer amplifiers of a typical 
camera control unit is shown in Fig. 
3.4C. Several special types of circuits 
are used here that have not been de¬ 
scribed thus far in the text. 

The first video amplifier in this in¬ 
termediate chain of signal amplifiers 

receives the output from the camera 
preamp via a flexible coaxial cable in¬ 
terconnecting the two units. It is noted 
from the block diagram that this stage 
also receives a shading sawtooth signal. 
The image orthicon type of pickup tube 
is much less trouble to properly “shade” 
than is the iconoscope type tube used 
for telecasting films. Such tubes do, 
however, require a slight amount of 
corrective signal for optimum results. 
In contrast to the iconoscope whose 
continuously changing spurious re¬ 
sponse results from an uncontrolled 
rain of electrons back to the mosaic, 
an image orthicon tube, once properly 
shaded, will ordinarily need no further 
adjustment during any one period of 
use. Thus, should a picture appear 
bright on the right side of the raster 
and correspondingly dark toward the 
left side during a rehearsal, the shad¬ 
ing adjustment may be made at that 
time and no further adjustment need 
ordinarily be made so long as the same 
tube is used. Therefore the shading ad¬ 
justment does not usually appear on 
the front panel of a studio type cam¬ 
era control unit, but is ordinarily 
placed under a hinged cover or recessed 
corner. This is in direct contrast to con¬ 
trols for an iconoscope which must be 
continuously adjusted during a film 
program (section 2.6, Chapter 2). 

Figure 3.4C. Block diagram of typical commercial camera control unit, showing video section. 
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Figure 3.4D. Simplified schematic of first intermediate video amplifier, showing shading signal 
injection and white peak limiter stage. 

Fig. 3.4D is a simplified schematic 
illustrating a typical circuit used. The 
video gain control is shunted by a ter¬ 
minating resistor used to fix the input 
impedance at 75 ohms. The shading sig¬ 
nal is taken from the cathode oí a hori¬ 
zontal sweep sawtooth amplifier (which 
may be in the monitor circuits of the 
control unit or a separate stage) and 
injected into the screen grid and cath¬ 
ode circuits of the first tube. Adjusting 
the shading control varies the amount 
and phase of the corrective sawtooth 
signal so that shading is accomplished 
for either right or left sides of the tele¬ 
vised picture. Horizontal shading is all 
that is necessary for an image orthicon 
pickup tube. 

This simplified schematic also shows 
the white peak limiter section shown in 
the block diagram. This 1N34 crystal 
network is in the plate circuit of the 
second tube. Because of the wide con¬ 
trast range of image orthicons, white 
peaks of several times usable maximum 
white levels may occur due to unex¬ 

pected reflections from such objects as 
beads, jewels, chrome plated objects, 
etc. The white peak limiter prevents 
such overloading. Adjustment of the 
limiter potentiometer control places a 
certain value of voltage at the arm of 
the control from the B plus plate sup¬ 
ply. Parameters of the circuit are such 
that any signal voltage which rises 
above this potential will not be passed 
by the 1N34 crystal since its negative 
terminal will be too far positive to al¬ 
low conduction. It is obvious here that 
polarity of the video signal at this point 
must be such that maximum signal cor¬ 
responds to white level, known as nega¬ 
tive black polarity. It is therefore noted 
that the video signal input to the grid 
of the first tube must also be negative 
black, so that the normal phase inver¬ 
sion of 180° causes a positive black video 
signal to appear at the grid of the sec¬ 
ond stage. Thus the input to the clipper 
is negative black. 

At various points in commercial video 
amplifiers a clamping circuit is used. 
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Such a circuit is feasible due to the ex¬ 
tremely wide bandwidth of frequency 
amplification that is necessary for tele¬ 
vision signal amplification. A clamping 
circuit accomplishes two things that at 
first appear to be contradictory in func¬ 
tioning: (1) improves low frequency 
video signal response, and (2) elimi¬ 
nates spurious low frequency pickup 
such as 60 cycle AC from the amplifier 
response. 

How an electronic device may elimi¬ 
nate one low frequency signal and im¬ 
prove the response of another low fre¬ 
quency signal comprises the study of 
the clamping circuit which functions at 
high efficiency due to the nature of the 
TV waveform itself. Consider first the 
drawing of Fig. 3.4E. This is an AC 
signal source with a series R-C circuit 
and a switch. Drawing (1) is the graph 
of the signal voltage which would ap¬ 
pear at the output terminals if the 
switch is open. Suppose now that the 
switch is closed (shorting the output 
terminals) for the duration of the 
shaded areas along the axis of the AC 
signal. Drawing (2) illustrates the se¬ 
vere attenuation of the signal appear¬ 
ing at the output terminals. It is under¬ 
standable, then, that if the switch were 
opened and closed at a rate much faster 
than the frequency of the applied AC 
signal, the output voltage would be 
practically zero. A clamping circuit in 

a TV amplifier is actually an electronic 
switch which does exactly what is de¬ 
scribed above; opening and closing a 
switch at the horizontal line frequency 
(15,750 times per second), so that any 
60 cycle sine-wave (such as would oc¬ 
cur from a stray field) is greatly at¬ 
tenuated. 

Consider now the action of the same 
circuit when the input waveform is not 
a pure sine-wave, but is broken up by 
pedestals at a fixed level, such as a 
video signal from the pickup head, with 
inserted blanking pulses. Drawing (1) 
Fig. 3.4F pictures the output waveform 
with switch SW open, showing that the 
same waveform appears as is applied. 
Assume at this time that some circuit 
action occurs which results in poor low 
frequency response. Drawing (2) shows 
the resulting waveform if the switch 
remains open as above. The low-fre¬ 
quency component is attenuated, but 
the pedestals (fixed levels) remain of 
the same amplitude. Thus the tips of 
the pedestal peaks vary from constant 
level above the DC axis as shown. (Re¬ 
view need for DC restoration; section 
2.5, Chapter Two.) Thus if the switch 
is closed for the At intervals shown, the 
output waveform will appear as in (3), 
restoring somewhat the original wave¬ 
form. Should the switch be operated 
electronically at a rate much faster 
than the applied waveform, negligible 

Figure 3.4E. Clamp circuit theory for sine waves. 
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SWITCH 
CLOSED 
FOR 

LOW-FREQUENCY VIDEO 
AC AXIS 

DC AXIS 

LOW-FREQUENCY VIDEO 
COMPONENT ATTENUATED 
PEDESTAL HEIGHTS REMAIN 
SAME. 

LOW-FREQUENCY VIDEO 
COMPONENT RESTORED TO 
ORIGINAL AMPLITUDE. 
PEDESTALS ABOUT SAME IN 
AMPLITUDE ABOVE DC AXIS. 

Figure 3.4F. 

attenuation will result. In effect, the 
low-frequency video signals will be im¬ 
proved in response. It may be observed 
that the clamping action depends upon 
having a fixed pedestal level for the 
duration of time in which the. switch is 
closed. In this way, low frequency sine-
waves are severely attenuated, whereas 
video signals containing fixed pedestals 
are passed without attenuat on, im¬ 
proving low frequency response without 
accentuating stray field response. 

A clamper is variously known as a 
keyed clamping or lrne-to-live clamping 
circuit. It is used when desired to main¬ 
tain all voltage amplitudes of either 
positive or negative parts of a wave¬ 
form at some predetermined level. It is 
pulse operated, either during the hori¬ 
zontal sync pulse or the back-porch of 
the H blanking interval. The clamping 
process establishes a fixed level for re¬ 
petitive pulses of a video signal, and 
may be used just as the DC restorer 
described in section 2.5, Chapter Two. 
When used in the intermediate ampli¬ 
fier of the camera control unit as now 
being described, the clamp switch is 
closed for a brief interval during the 
H sync or back porch, and opened dur¬ 
ing the active line scanning time. The 

point of injection of the clamping sig¬ 
nal is shown in the block diagram Fig. 
3.4C. 

Fig. 3.1G illustrates one commercial 
type of clamping circuit commonly used 
in camera control units. This particular 
schematic is a simplified version of the 
clamper used in the Du Mont camera 
control unit Type 5028-B. Positive 
pulses from the cathode circuit and 
negative pulses from the plate circuit 
of the blocking tube oscillator supply 
the clamping pulses at H line frequency 
for the 4 diode clamper. Point (A) is 
the point to be clamped; that is, point 
(A) must be maintained at a prede¬ 
termined reference level on successive 
pulses of the video signal. The diodes 
function as an electronic switch trig¬ 
gered in action by the horizontal line 
frequency pulses. When pulses are ap¬ 
plied, point (B) becomes negative and 
point (C) becomes positive, creating the 
condition for diode conduction to occur. 
This is therefore equivalent to “closing 
the switch’’ of the simple circuit de¬ 
scribed above. When the diodes conduct, 
a rapid discharge path for capacitor C, 
results. During the active line scanning 
interval, the diodes do not conduct. Dur¬ 
ing this time, should point (A) develop 
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Figure 3.4G. Four-diode clomping circuit os used in DuMont camera control unit — after DuMont data. 
Courtesy DuMont Labs. 

a positive DC potential, conduction will 
occur through V, to point (B). If point 
(A) should develop a negative DC po¬ 
tential during this time, conduction will 
occur through V2 to point (C). In either 
case, the clamped point is maintained 
at a certain reference level which de¬ 
termines the DC level of the video sig¬ 
nal. The resistor R2 prevents point (B) 
from drifting in the positive direction 
and point (C) from drifting in the 
negative direction which would render 
the clamp inoperative. Thus the clamped 
point (A) is maintained at reference 
level during the line scanning interval, 
and discharged at the conclusion of 
each scanning line. By this means, in¬ 
teraction upon the video signal line in¬ 
formation is prevented, since the time 
constant (product of C, and forward 
clamp resistance) is long compared 
with the line interval. 

Rt and C2 are used for balancing the 
clamp circuit. The need for this may be 
realized by noting that point (A) is at 

high impedance, and therefore a small 
component of the pulse appearing at 
(B) will appear at (A) through the 
cathode-to-plate capacitance of V,. From 
the same principle, a pulse from (C) 
will also appear at point (A). If these 
pulses are effectively balanced in phase 
and amplitude, their effect at (A) is 
nullified, since they are equal and op¬ 
posite in polarity. Without Ri and C2 

however, a slight unbalance would oc¬ 
cur, since the cathode clamping pulse 
tends to rise more rapidly than the 
plate clamping pulse. By adjusting R, 
to balance the amplitudes, and C2 to 
slightly delay the cathode pulse, an al¬ 
most exact balance may be achieved in 
practice. 

The next point in the block diagram 
of Fig. 3.4C is the stage for blanking 
pulse, or pedestal, injection. Fig. 3.4H 
illustrates one commercial method of 
this insertion known as suppressor-grid 
injection of the blanking pedestals. It 
should be noted that negative black 
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video is combined with negative pedes¬ 
tal voltages; the polarity being impor¬ 
tant since the video signal maximum 
black must occur just under the blank¬ 
ing level. The composite blanking sig¬ 
nals from the sync generator are fed 
to a blanking amplifier, then to the 
suppressor-grid of the mixing stage. 
The large negative pulses on this grid 
result in plate current cutoff during 
this interval. The video signal and re¬ 
sulting pedestal formed by plate cur¬ 
rent cutoff appear as positive excur¬ 
sions (positive black) in the plate cir¬ 
cuit, and are impressed upon the 1N34 
clipper stage. The clipping level (hence 
pedestal level) of this crystal rectifier 
is determined by the setting of the Ped¬ 
estal Height Control, since any ampli¬ 
tude of the signal which rises above the 
DC voltage on the arm of this control 
wiN not be passed by the diode 

The purpose of clamping at this point 
may now be more clearly understood. 
It is recalled from our discussion above 
that clamping occurs during the blank¬ 
ing intervals of the pickup tube. It is 
the grid of this stage (blanking inser¬ 
tion amplifier) which is the clamping 
point, being held to a predetermined 
grid voltage level. Therefore the pedes¬ 
tal control determines the clipping level 
at a voltage which is fixed in reference 
to the blanking level of the camera. 
Thus any necessary change in the video 
gain control on the first stage does not 
usually necessitate another adjustment 
of the pedestal control, since the ratio 
between black signal level and pedestal 
height is not affected by the gain con¬ 
trol. In this way the pedestal is fixed 
with reference to black in the signal 
rather than to the average signal con¬ 
tent. 
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Figure 3.41. Picture and waveform monitor sections of typical camera control unit. 

The signal which now contains both 
video and pedestals is applied to a con¬ 
ventional wide-band amplifier to feed 
the cathode follower output stage. When 
only one camera is used and it is de¬ 
sired to insert the sync signals, the sync 
pulse amplifier is fed into the plate cir¬ 
cuit at negative pulse polarity, and com¬ 
bined with the blanking pedestals in a 
common plate load resistor. When more 
than one camera is used, requiring addi¬ 
tion of sync at a later point, the sync 
amplifier is biased below cutoff, allow¬ 
ing no sync voltage to appear at the 
output. Some camera control units in¬ 
sert the sync at a positive polarity 
stage, requiring positive sync pulses. 

It should now be noted that in addi¬ 
tion to the four controls mentioned 
earlier for the image orthicon tube in 
the pickup head, the camera control 
unit contains four other controls which 
directly affect picture quality. These 
are: (1) Video gain control, (2) Pedes¬ 
tal height control, (3) Horizontal shad¬ 
ing control and (4) Sync level control, 
when sync is inserted in this unit. 

Fig. 3.41 is a typical block diagram of 
the picture monitor and waveform moni¬ 

tor sections of a camera control unit. 
The picture tube section is very similar 
in function and design to the circuits 
described for the electronic viewfinder 
in section 2.5, Chapter 2. In some instal¬ 
lations, the H and V driving pulses sup¬ 
plied to the camera are used for the 
sync pulses to drive this section of the 
monitor. In other cases, the composite 
H and V sync signal from the sync 
generator is fed to a sync separator 
stage and applied to the terminals 
shown. It should be recalled that the 
driving and sync pulses have the same 
timing bases in the sync generator. In 
either case, they are used to trigger 
their respective horizontal and vertical 
blocking oscillators for supplying the 
proper sweep timing to the picture tube. 
Video signal from the cathode follower 
output stage in the intermediate ampli¬ 
fier described above is fed to an ampli¬ 
fier stage and coupled to an output 
stage which is in turn coupled to the 
picture tube grid for video modulation 
of the electron beam. A DC restorer 
diode is used on the grid to maintain 
proper background level of the picture. 
(Section 2.5, Chapter 2.) The high volt-
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VIDEO BLACK NEGATIVE POLARITY 

Figure S.5A. Showing a typical scale to measuring television signal levels, typical measured leads, and 
reference leads. The “Reference Black Level” is arbitrary, determined by station operating practices. 

age for the picture tube is supplied 
by the “flyback rectifier” operating from 
the H sweep amplifier and H deflection 
yoke, also described in section 2.5, Chap¬ 
ter 2. 

Circuits associated with the wave¬ 
form monitor are shown in the lower 
section of the block diagram. The line 
waveform sweep sawtooth (7875 cps) 
and the field waveform sweep sawtooth 
(30 cps) are selected by the switch at 
the input of the sweep amplifier. This 
switch is preceded by a separator cir¬ 
cuit which separates the 30 and 7875 
cps signals in the composite waveform 
output of the sync generator. A cathode 
follower bridged across the video signal 
is used to supply the video signal to the 
scope as shown, selected by a switch 
which has four possible positions. This 
feature is usually incorporated to allow 
observation of sync or blanking pulses 
instead of the video waveform when de¬ 
sired, and also to allow any external 
signal applied to be observed on the 
scope. Most commercial circuits also 
provide for the video waveform to be 
observed at both input and output ter¬ 
minals of the intermediate amplifier. 

Further technical details of the cam¬ 
era control unit are included in sec¬ 
tions 6.2, 6.4 and 8.10. 

3.5 Video Signal Levels 

The comparative levels of the com¬ 
posite television signal have been men¬ 
tioned several times in this book, and in 
particular in section 3.2 of this chap¬ 
ter. In addition to maintaining approxi¬ 
mately correct ratios of the various 
signals making up the composite wave¬ 
form, the overall amplitude must be set 
up and maintained at some given level 
which will always correspond (at maxi¬ 
mum value) to 100% modulation of the 
video transmitter. 

The are six values to be considered in 
video levels. These are: 
1. Reference White Level. 
2. Maximum Signal White (White 

Peak). 
3. Reference Black Level. 
4. Maximum Signal Black (Black 

Peak). 
5. Blanking Level. 
6. Synchronizing Level. 

These values are illustrated in Fig. 
3.5A. In this illustration the video po¬ 
larity is negative black, and reference 
white is 100 on the scale. The scale to the 
left is one type of scale adopted for 
measuring video levels. 

Several important operational factors 
are illustrated here. It should be noted 
that the maximum signal white (white 
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peak) is held below “reference white” 
by about 10%. Reference white corre¬ 
sponds to approximately 12.5% carrier 
at the transmitter output. 1 Negative 
modulation, Chapter 1.) This allows the 
necessary safety factor in the white 
peak direction, since severe overshoots 
in this direction causing carrier cutoff 
(zero percent carrier) result in distor¬ 
tion. It is also noted that signal black 
level is held to 10% below the blanking 
level, this being the setup value of the 
blanking level. This factor is desirable 
to prevent overshoots of black signal 
into the sync region. The blanking level 
is at 75% of maximum transmitter car¬ 
rier value, the remaining 25% of car¬ 
rier occurring on sync peaks. 

The technique and standards of meas¬ 
urement in video levels is undergoing 
the same process of development as oc¬ 
curred during the interval in sound 
broadcasting before the VU meter. In 
television, it is imperative that the oper¬ 
ator have available a means of ascer¬ 
taining wave form as well as level. The 
level measurement in itself is more com¬ 
plex than the audio counterpart, since 
several different signal levels must be 
maintained in proper ratio to one an¬ 
other. To meet these critical require¬ 
ments the cathode ray oscilloscope is 
used universally for monitoring of the 
video signal. 

It is quite natural therefore that the 
final standards set will result after long 
experience in the field as to optimum 
overall level values necessary for most 
efficient transmission of video signals 
over coast to coast networks with mini¬ 
mum distortion effects. The importance 
of maintaining a standard value of 
levels for all video sources cannot be 
over-emphasized. For example, a change 
in amount of setup used changes the 
over-all brightness, requiring continual 
adjustment of receiver or monitor 
brightness controls. Since program fi¬ 
delity is becoming increasingly impor¬ 
tant as the first novelty of TV wears 
off, the study of this problem assumes 
an ever increasing importance to video 
operators. 

In the year 1946, standards were 

adopted by the industry specifying a 2 
volt peak-to-peak signal displayed on 
the scope as the reference level. Thus 
1.5 volt of signal comprised the video 
and blanking signals, with about 0.5 
volt of added sync to total the 2 volt 
peak-to-peak composite signal. The 2 
volts is related to the standard 75 ohm 
transmission line used to interconnect 
equipment. 

Early in the year 1950, the study of 
video transmission levels concerned in 
network operation was put under a mi¬ 
croscope by interested groups from New 
York TV stations and the Bell System. 
Representatives from TV equipment 
manufacturers also assisted in the 
study. It was found at that time that an 
appreciable percentage of studio equip¬ 
ment already in use was inadequate in 
linearity to provide optimum perform¬ 
ance of large numbers of video ampli¬ 
fiers in cascade, when the reference 
level of 2 volts was used. The culmina¬ 
tion of the study was that the reference 
level could be reduced somewhat with 
consequent increase in fidelity of signal 
without increase in noise levels. It was 
proposed that the standard operating 
level be established at 1.4 volts peak-to-
peak of composite TV signal as illus¬ 
trated in Fig. 3.5A. 

This scale form is an adoption from 
the IRE Standard Scale, as published 
by the Institute of Radio Engineers in 
1950. (Standard, 50 IRE 23.SI —TELE¬ 
VISION: METHODS OF MEASURE¬ 
MENT OF TELEVISION SIGNAL 
LEVELS, 1950.) The special study com¬ 
mittee of network broadcasters and 
equipment manufacturers decided to 
recommend correlating the 1.4 volt video 
standard level to the arbitrary units in 
the IRE scale. This relationship is then: 

Number of IRE 
Videl Signal Scale Units 
in Volts = -

100 
Thus from 0 to 100 on the scale repre¬ 
sents 1 volt of signal, and 0 to —40 rep¬ 
resents 0.4 volts of sync signal. 

Fig. 3.5B illustrates the three scales 
recommended for the various points to 
be monitored. Operating scale No. 1 is 
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NO I 

FOR USE AT CAMERA 
CONTROL UNIT WHEN SYNC 
IS NOT INSERTED IN THIS 
UNIT 

REFERENCE WHITE-100 
R EF/RE NCE BLACK-10 
BLACKING LEVEL-0 

C SETUP VALUE 10%) 

NO2 

MONITORING scale for USE 
ON ANY WAVEFORM MONITOR 
■WHERE SYNC 15 PRESENT 
IN THE SIGNAL 

REFERENCE WHITE-100 
REFERENCE BLACK- IQ 
BLA NKING LEVEL-0 
SYNC PEAKS - -40 

NO 3 

USED WHERE DESIRED TO 
RELATE LEVELS TO DEPTH 
OF MODULATION OF VIDEO 
CARRIER 

REFERENCE WHITE- i2.5°4> 
REFERENCE BLACKCJUST 
UNDER BLANKING LEVEL) 
BLANKING LEVEL- 75% 
SYNC PEAKS- I 0 0 % 
ZERO CARRIER CSHOULD 
NEVER OCCUR IN PRACTICE) 
IS SET AT 120 ON SCALE 

Figure 3 5B. Video level measuring sca!es as recommended by IRE standards (Black Negative Polarity). 

for use at the camera control unit when 
sync is not added at this point. Refer¬ 
ence white is at 100. reference black at 
10, an<l blanking level at 0. It is noted 
that the reference black lev« 1 at 10 is a 
continuous line as is the blanking level 
at 0. This setup level is very important. 
In a theoretically perfect transmission 
system, black level and blanking level 
could be maintained the same, thus uti¬ 
lizing to the fullest extent the video am¬ 
plifier gains. In practice, however, some 
amplitude distortion exists, resulting in 
at least slight amounts of overshoots in 
the black region. When this occurs, un¬ 
less the receiver controls are adjusted to 
clip black peaks, some retrace lines are 
visible on the picture. This results in 
compression of blacks. By raising the 
setup value to about 10%, optimum op¬ 
erating conditions are realized. The set¬ 
up must be constant and of the same 
value between cameras (studio or film), 
slide boxes, studios, networks, etc., to 
maintain constant background bright¬ 
ness in the home receiver. 
The amount of setup is also impor¬ 

tant in considering the action of the 
stabilizing amplifier to be described 
later. This amplifier somewhat reduces 

the applied setup level, emphasizing the 
importance of sufficient setup level from 
the camera control unit through the final 
video amplifier. 

Operating scale No. 2 (Fig. 3.5B) is 
recommended where the composite sig¬ 
nal level (sync added) is to be measured. 
Reference white is at 100, reference 
black at 10, blanking level at 0, and sync 
peaks at —40. This type of scale is com¬ 
mon at the line monitoring position. 

Operating scale No. 3 is recommended 
at transmitter locations where desirable 
to relate the arbitrary IRE units to 
depth of modulation of the video trans¬ 
mitter carrier wave. Reference white of 
100 represents 12.5% carrier, zero car¬ 
rier being represented by 120 on the 
scale. Reference black is at 10, and 
blanking level at 0 represents 75% car¬ 
rier. Sync peaks at —40 represents 
100% carrier modulation. The relation¬ 
ship to the FCC specifications of carrier-
levels may now be observed. Zero car¬ 
rier level (which should never occur in 
practice) is set opposite 120 on the IRE 
scale, and maximum carrier opposite 
—40. Blanking level (zero on scale) 
then occurs at 75% of maximum car¬ 
rier, and reference white (100 on scale) 
occurs at 12.5% of maximum carrier. 
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3.6 Camera Switching and Mixing 

Since practically all TV stations of 
even the smallest types must necessarily 
use more than a single camera source at 
some time in its daily schedule, some 
means of switching signal sources must 
be included. Also desirable is a means 
of fading out or in on a given signal, and 
the momentary mixing of two separate 
video signals for purposes of lap-dis¬ 
solves or deliberate superimposition of 
pictures. 

Fig. 3.6A is a photo of one commercial 
type of Camera Switching Panel. Fig. 
3.6B is the block diagram of this unit. 
The video amplifiers are located in the 
lower compartment of the console. There 
are 2 two-stage amplifiers for each pic¬ 
ture channel. Another' two-stage ampli¬ 
fier feeds the monitor from a selector 
switch allowing preview or on-air moni¬ 
toring. Observation of the block diagram 
also shows the sync-interlock system 
which automatically adds local sync 
upon failure of remote sync (when 
broadcasting from a remote point), or 
may be used when local sync is other¬ 

wise required. Sync signals for local 
telecasts in this system are usually 
added in the following stabilizing am¬ 
plifier position described later. 

Controls for the switching amplifier 
project through the inclined top panel 
of the desk as shown in the photo. These 
consist of two banks of pushbuttons 
which select the on-the-air signal; two 
toggle switches for adding local sync to 
incoming remote signals; gain controls 
for the remote signals; fading controls 
(also used for lap-dissolving) ; a three-
position switch for selecting either one 
of the two remote signals or on-the-air 
signals for display on the picture moni¬ 
tor; and tally lights which indicate the 
inputs being used. 

The Camera Control Units described 
in the preceding section are connected 
to the switcher by means of standard 75 
ohm flexible coaxial cables. The particu¬ 
lar unit under discussion accommodates 
the outputs from four camera controls 
and two remote or network sources. The 
remote or network video signals are ac¬ 
companied by sync from that source, 

Figure 3.6A. RCA type TS-1O switching panel. Courtesy RCA. 
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Figure 3.6B. Block diagram of RCA type TS-10A switching system. The diagram indicates that cornea 
No. 2 pushbutton is operated on the upper row of keys, causing No. 2 pilot bu b to light, and corne a 
No. 3 pushbutton on the lower row of keys is operated, causing No. 3 pjlot bulb to light on that row. 
The output signal is then determined by the respective positions of the lever type fader controls. The 
diagram is also indicating that the mon tor selector switch is thrown to No. 5 terminal, which may be 

a remote or network signal. Thus the monitor is previewing that signal. 

whereas local camera signals fed to the 
mixer unit are video and blanking only, 
without sync. The two banks of push¬ 
button switches feed separate amplifiers 
which have their outputs connected to¬ 
gether to feed the line connecting the 
Stabilizing Amplifier, which is usually 

rack-mounted in the control room. When 
desired to switch instantaneously from 
one camera to another, one bank of push¬ 
buttons is used. Depressing any push¬ 
button releases any other pushbutton on 
the same bank by an interlocking fea¬ 
ture. This prevents two sources from 
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Figure 3.6C. Video switching techniques, show¬ 
ing three most common types of signal switch¬ 

ing. 

being fed to a common amplifier at the 
same time. When it is desired to lap-dis¬ 
solve or superimpose two pictures, both 
banks of pushbuttons are used. Assume 
for an example that 4 cameras are be¬ 
ing used, number 1 being on the air at 
this time. Assume also that this is being 
accomplished by having camera No. 1 
pushbutton on bank No. 1 depressed. 
Now by depressing camera No. 3 push¬ 
button on bank No. 2, both camera out¬ 
put signals are fed through respective 
channels and combined in the output. 
Each picture may be adjusted in rela¬ 
tive brightness by adjusting the respec¬ 
tive fader control (lever-type control) 
shown to the right of the control panel. 
(Fig. 3.6A.) The fader controls are 
shown operated together in the illustra¬ 
tion. When adjusting relative brightness 
of the two different sources as in super-
impositions, the handles are separated 
and operated independently. Thus either 

picture may be faded out entirely, at any 
time ratio. 

Fig. 3.6C shows the technical defini¬ 
tion of the three common types of 
switching in use during telecasts. In 
( 1 ), camera 1 and camera 2 are switched 
instantaneously. This is to say that cam¬ 
era 2 pushbutton on the same bank of 
switches on which camera 1 pushbutton 
was depressed, was operated, immedi¬ 
ately releasing camera 1 and feeding 
camera 2 signal. In (2) is shown the 
"fade-out, fade-in” technique. Camera 1 
pushbutton is depressed on one of the 
banks and is adjusted at reference 
brightness level up to time ti. At this 
instant, camera 2 pushbutton on the 
other bank is depressed, but its fader 
control is adjusted at zero brightness. 
Simultaneously, the fader for camera 1 
is adjusted from reference brightness 
(100% on scale) toward zero. By time 
ta, camera 1 is faded out and the fader 
for camera 2 is adjusted from zero 
brightness toward reference brightness. 
By time t , camera 2 signal fully occu¬ 
pies the screen, and is entirely faded in. 
In drawing (3), camera 1 pushbutton 
is depressed on one of the banks and its 
fader adjusted at reference brightness 
as above. Camera 2 pushbutton on the 
other bank is also depressed but its fader 
is at cut-off and only camera 1 signal is 
transmitted up to time ti. At this time 
the fader for camera 1 is adjusted to¬ 
ward cut-off, and (simultaneously) 
camera 2 fader is adjusted toward ref¬ 
erence brightness. Thus between ti and 
C, both signals appear on the screen 
while signal 1 is decreasing and signal 
2 is increasing. At time C, camera 2 
signal fully occupies the screen and cam¬ 
era 1 is completely faded out. 

Operating techniques are thoroughly 
covered in Chapter 6. 

In installations where a large number 
of video sources are involved, or even in 
small stations which contemplate ex¬ 
pansion, remotely controlled relays are 
used to switch the video signals. In this 
type of switching the relays may be rack 
mounted, with all the various coaxial 
cables centralized, and with individual 
relay switching panels installed at 
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Figur« 3.6D. Block diagram illustrating basic 
switching scheme of RCA relay switching system. 
The relays (A) and (B) are elecrricaliy operated by 

pushbuttons. Courtesy RCA. 

points most convenient for any particu¬ 
lar installation. The push-keys them¬ 
selves are non-locking in this type of 
switching, the interlocking action tak¬ 
ing place in the relay system. That is, 
the push keys operate the relay coils, 
which themselves are connected in a 
“lock-up” type of circuit which drops 
out any relay already operated when 
another relay is operated. 

Fig. 3.6D is a simplified block diagram 
of the RCA TS-20A video relay switch¬ 
ing system. The type of relay and 
method of mounting is illustrated in Fig. 
o.fiE. The contacts extending through 
the chassis are the inputs to the video 
contacts. The output or “operated” side 
stands above the relay frame. The basic 
chassis provides the circuits and relays 
for switching six inputs to two outputs. 
When additional inputs or outputs are 
required, auxiliary relay panels are 
used. Two general types of switching 
are possible with relays; gap or overlap. 
The instantaneous switch illustrated in 
(1 ) of Fig. 3.6C is known as grip switch¬ 
ing, or break-before-make contacts. 
Overlap switching is make-before-break 
contact, thus a black gap between signal 
switching is avoided. Either type of 
switching is obtainable in the RCA relay 
system. Lap-dissolving simply involves 
the use of a mixing console in conjunc¬ 
tion with a relay system when used. 

The basic action of a video relay 
switching is illustrated by observing 
Fig. 3.6F and the following description. 

Each incoming video signal is connected 
to make contacta on a pair of switching 
relays. Two video bus wires which run to 
a transfer relay are connected to the 
other side of these contacts. When the 
associated “Channel 1” pushbutton is 
operated, relay (A) will close, connect¬ 
ing the incoming video signal to one of 
the transfer bus wires. Other contacts 
on this same switching relay operate the 
transfer relay connecting the output 
line to the video bus wire and hence to 
the video signal. When another push¬ 
button (not shown) is operated, sepa¬ 
rate contacts on the transfer relay in¬ 
forms the new video switching pair that 
bus (A) is in use, which causes (B) 
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Figure 3.6E. Video relays. Courtesy RCA and 
Broadcast News. 
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A PICK UP 

B PICK UP 
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TO NEXT KEY 

RELEASE CHANNEL I 

PUSH BUTTONS 

Figure 3.6F. Circuit details of RCA relay switching system. Courtesy RCA. 

VIDEO 
INPUT 

INTER¬ 
LOCK 

PICK 
UP 
COIL 

HOLD 
COIL 

6J 6 
CATHODE 
FOLLOWER 

RELEASE RELAY K20 
INTERLOCK RELAY KI 

K4 
VIDEO 

I 
2 o 

HOLD 
COIL I 

VIDEO 
OUTPUT 
Q 

GND*" 
24 VOLT D-C-SUPPLY 

BAT» 

61 ItaLLY 2 

VIDEO] 

INTER-! 
LOCK I 

PIC KUF¡ 
COIL I 

81 
7 

P " 'S ' 1 V IDEO 
* -|TRANSFER 

RELAY K2 VIDEO BUS B 

VIDEO BUS’ A 

10 

switching relay to operate. It is observed 
that had we started out with our descrip¬ 
tion at a time when (A) was already in 
use, operation of the pushbutton shown 
would have caused (B) relay to operate 
instead of (A). When the video contacts 
on the (B) relay close, the new incom¬ 
ing video line is connected to the “B” 
video transfer bus wire. At this same in¬ 
stant other contacts on the (B) relay 
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in turn releases the transfer relay. In 
this way the outgoing line is transferred 
from the original input to the new input. 
Circuits of (A) relay are now released 
from the “busy” hold of the transfer re¬ 
lay contacts and the above process is 
repeated upon subsequent operation of 
the pushbuttons. 
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In this system the time of the signal 
transfer is determined entirely by the 
transfer relay rather than being gov¬ 
erned by the individual relays’ operate 
and release time. By choice of appropri¬ 
ate connections to the video transfer bus 
wires, either gap (break-before-make) 
or overlap (make-before-break) switch¬ 
ing is available. 

Another popular type of television 
control room switching is known as 
audio-video switching. In this method 
audio channel relays may be operated 
from the video relay system. Or an audio 
console with its associated relays may 
provide for operation of the video relay 
bays. Such systems are usually made 
variable so that either separate or tied¬ 
in operation may be used. 
When several channels must be 

switched simultaneously between sev¬ 
eral outgoing lines, preset switching 
methods are used as discussed under the 
master control later in this chapter. 

Further technical details of switching 
units are included in section 8.11. 

3.7 The Stabilizing Amplifier 

The primary function of a stabilizing 
amplifier is to correct any fault existing 
in the video signal. Such faults may be 
hum, switching surges, noise, or sync 
tip modulation. It may also be used to 
insert sync pulses into the composite 
signal, or in some instances is used to 
separate sync from the composite signal. 

Stabilizing amplifiers may be found 
in the control room as the first amplifier 
for incoming network programs, incom¬ 
ing remote relay position, and following 
the switcher unit described in the above 
section. This type of amplifier is also 
found at the transmitter room, being 
used as the first amplifier from the co¬ 
axial cable connecting the studio, or 
from the studio-to-transmitter RF re¬ 
lay receiver. The unit contains video am¬ 
plifiers, sync separators, sync insertion 
circuits, keyers, shapers, and clamping 
circuits. 

The first two or three stages usually 
provide linear video amplification, and a 
means of inserting the composite (hori-
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zontal and vertical) sync pulses. Such 
insertion is accomplished by means of 
two input tubes with a common plate or 
cathode load. The combined video and 
blanking signal is fed to one tube, and 
the composite sync to the other tube. 
The signals are then mixed in the com¬ 
mon load. This stage is then followed by 
one or two linear video and sync ampli¬ 
fiers. 
At this time a phenomena known as 

sync stretching takes place. Fig. 3.7A 
illustrates the electrical function of a 
sync-stretcher circuit. This type of cir¬ 
cuit employs both a class A stage and 
class C stage. Over the normal video 
signal range up to the blanking level 
(points A to B on the total plate curve), 
the amplification is linear. At blanking 
level, the class C stage also begins con¬ 
duction, adding to the total signal from 
blanking level to sync tips (points B to 
C). In this manner, a normal composite 
signal input of 25% sync and 75% video, 
may have its output sync region ex¬ 
panded as shown. There are several rea¬ 
sons why this function is desirable. For 
example, if the sync tips should become 
modulated by any stray noise pickup, 
sync stretching allows a following clip¬ 
per stage to remove the modulated tips. 
Also, in the case of incoming network 
lines or remote signals of any source, 
the sync region is apt to become com¬ 
pressed, thus requiring stretching to re¬ 
store proper sync-to-signal ratio. 

The blanking level at point B is held 
at this constant level by a clamping cir¬ 
cuit (section 3.4) which functions inde¬ 
pendently of the picture amplifier. The 
clamp circuit “clamps” the peak of each 
blanking pulse at the correct point on 
the amplifier curve, and eliminates spu¬ 
rious low frequency components from 
the signal. 

The resulting amplifier composite sig¬ 
nal is then fed to a clipper stage. The 
sync is here clipped by an amount deter¬ 
mined by grid-bias adjustment or what¬ 
ever type of clipping circuit is used in 
this stage. The proper sync-to-signal 
ratio is thus restored after the faults 
have been removed. The grid circuit of 
this clipper is also usually clamped at 

blanking level so that the predetermined 
sync amplitude is independent of varia¬ 
tions in the average video signal ampli¬ 
tude. Thus, in this stage also, spurious 
signals are eliminated from the video 
and blanking portions of the composite 
signal. 

The output of a stabilizing amplifier 
consists of two stages; one to feed the 
line or transmitter, the other to feed 
a monitor bus. 

The reader should note from what was 
said above that the clamping in the sync¬ 
stretcher stage is independent of the 
video signal in the amplifier. What this 
means is that keying pulses (section 
3.3) are derived from the sync portion 
of the incoming signal or from the sync 
input itself, properly shaped and ampli¬ 
fied, and used to operate the clamping 
circuits. The keying-pulse shaping cir¬ 
cuits which develop the damping pulses 
provide a delay in time so that clamping 
takes place during the portion of blank¬ 
ing signal which follows the sync inter¬ 
val. This is the “back-porch” interval 
of the blanking pulse. Clamping during 
this interval is much more effective than 
attempting to clamp on sync tips, since 
any compression of the sync region 
would tend to defeat the purpose of the 
clamping circuits. 

Further technical details of the sta¬ 
bilizing amplifier are included in sec¬ 
tions 6.6 and 8.7. 

3.8 Video Monitors 

Monitors at the camera control posi¬ 
tion and at the mixer-amplifier switch¬ 
ing unit have been mentioned. Monitors 
may also be used at various other points 
in the control room depending upon the 
size and complexity of the particular 
installation. Several Master Monitors 
are usually used, since one such monitor 
should be showing the “on-air” video at 
all times. Other master monitors may 
then be used to preview individual cam¬ 
era lines, film chains, network or remote 
signals so that the quality of these pic¬ 
tures may be judged before switching 
into the program line. Most of the video 
monitors incorporate the waveform 
monitor as well as the picture monitor, 
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Figure 3.8A. Front view of RCA TM-5A master 
monitor. 

since much useful information is more 
readily interpreted by waveform obser¬ 
vation than by actual picture appear¬ 
ance (Chapter fi). 

Fig. 3.8A illustrates the RCA TM-5A 
Master Monitor. Fig. 3.8R is a simplified 
block diagram which should be followed 
during the following description. 

Two video inputs are provided, one for 
the picture monitor and one for the os¬ 
cilloscope (waveform) monitor. These 
inputs are normally tied together, but 
may be separated if desired to monitor 
separate sources simultaneously. The 
composite video for the kinescope tube 
picture monitor goes through 2 stages of 
amplification, then to a cathode follower 
output feeding the grid of the picture 
tube. This signal modulates the tube’s 
scanning beam in accordance with the 
picture information. An additional tube 
is used as a DC restorer on the grid of 
this tube. (Similar to that described in 
section 2.5, Chapter 2.) The brightness 

Figure 3.8B. B¡ock diagram of RCA TM-5A master monitor. 
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control for the tube is shown as pro¬ 
viding bias adjustment, hence intensity 
of the scanning beam. The video ampli¬ 
fier output also feeds a “sync clipper” 
stage as shown in the diagram. This 
stage operates essentially as a class B or 
C amplifier, conducting only upon peaks 
of the signal, thus passing only the 
sync pulses and eliminating the picture 
signals. The composite sync pulses are 
then fed to a conventional sync separa¬ 
tor circuit which separates H and V 
pulses and feeds them to their respec¬ 
tive blocking oscillators. These blocking 
oscillators generate the appropriate 
scanning pulses, amplified by sweep am¬ 
plifiers and fed to the horizontal and 
vertical deflection coils of the picture 
tube. The action of all such circuits have 
been described earlier and need not be 
repeated here. 

The picture input to the cathode ray 
oscilloscope waveform monitoring cir¬ 
cuits is also amplified before being ap¬ 
plied to the vertical deflection plates of 
the oscilloscope. As shown, a DC restorer 
stage is also used here to hold the black 
level constant. Incorporated in these cir¬ 
cuits is a double clipper stage which de¬ 
velops a pulse having a constant peak-
to-peak value in direct ratio to the B 
plus supply. Since this supply is well 
regulated, the pulse always has the same 
value, and is adjustable to a predeter¬ 
mined value such as 1.4 volts. This pulse 
is known as the calibration pulse, and 
whenever the “calibrate” switch on the 
front panel of the monitor is operated, 
the height on the screen allows a con¬ 
venient means of observing the peak-to-
peak amplitude of the waveform. 

It is noted from the simplified block 
diagram that no provision is shown to 
drive the waveform monitor section 
from the half-line and half-frame oscil¬ 
loscope driving pulses from the sync 
generator, as occurs in other monitors 
in the system. Since this monitor is often 
used as a portable instrument, so that 
it may be plugged in at convenient 
points where monitoring is desired, 
without permanent wiring or rack 
mounting, it is designed to operate from 
a composite signal. When used to moni¬ 

tor a non-composite signal, such as a 
camera chain before sync insertion or 
for other testing (detailed in MAIN¬ 
TENANCE, Chapter 8), provisions are 
included to drive the monitor from the 
H and V driving signals supplied to the 
rest of the terminal equipment. There¬ 
fore this particular monitor has its own 
means of providing the half-line and 
half-frame frequencies for allowing two 
lines or two fields to be displayed on the 
’scope. A switch on the front panel se¬ 
lects either the vertical or horizontal 
blocking oscillator outputs (from Kine¬ 
scope generator section) to be applied 
to the buffer stage in the waveform sec¬ 
tion. This buffer drives a 2:1 frequency 
divider, which divides either line or 
frame frequency by two. These waves 
are amplified and applied to the hori¬ 
zontal plates of the oscilloscope for 
sweeping the video signal. 

Further technical details of the mas¬ 
ter monitor are included in sections 8.5 
and 8.6. 

3.9 Remote Sync Phasing Units 

One of the most apparent problems in 
telecasting from the viewers standpoint 
is the interlocking of sync phase between 
local and remote program originations. 
As the state of the art progresses, the 
viewer will not expect to see the vertical 
roll-over so often apparent when the 
program signal is switched from local 
to remote, and vice-versa. The problem 
is to be able to “lock-in” the exact phase 
relationships of two different sync gen¬ 
erators, the one in the control room and 
the other at the remote point. Without 
such lock-in, the horizontal or line-fre¬ 
quency scanning pulses change very 
quickly and momentary loss of H sync is 
negligible ; but the higher inertia of the 
vertical or field frequency pulses causes 
noticeable loss of vertical hold. This re¬ 
sults in the vertical roll-over mentioned 
above. It is also apparent here that lap 
dissolves or superimpositions of local 
and remote signals is impossible under 
these conditions. 

For this reason some means is used 
in the modern TV control room to lock 
the sync generators together in both 
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F.gure 3.9A. Block diagram remote sync phaser unit by DuMont. Courtesy DuMont Labs. 

field and line frequencies. This is 
achieved by locking the main sync gen¬ 
erator as a ‘slave” to the remote sync 
generator as the “master.” As in the 
case of any single unit involved in the 
entire line-up of control room equip¬ 
ment, it is impractical to discuss all the 
various methods of achieving this 
means. One typical unit will be de¬ 
scribed for the purpose of illustrating 
the principles involved. 

Fig. 3.9A is the block diagram of the 
Du Mont, Type 5056-A Remote Sync 
Phasing Unit. Its purpose is to provide 
a locking reference sine-wave to the fre¬ 
quency controlling unit of the main sync 
generator at the control room. It should 
be noted that the locking reference 
switch (SI > has three positions; Local 
(L), Local to Remote (L-R), and Re¬ 
mote to Local (R-L). The Local posi¬ 
tion locks the slave sync generator to a 
local power line over a phase range of 
400 degrees, thus permitting exact phase 
relationships of two sync generators on 
the same power line. An example of the 
use here is in exactly phasing the mo¬ 
tion picture film chains which some¬ 

times involve synchronous motors to 
drive the shutter on the projectors. It is 
often noticed that switching (for ex¬ 
ample) from a local studio camera to a 
film camera, that the same type of mo¬ 
mentary roll-over is effected that occurs 
when switching from local to a remote 
point. This occurs even when two identi¬ 
cal types of sync generators are oper¬ 
ated from the same power line, since, 
without automatic k>ck-in, there is a 
random variation in line-frequency 
pu’ses between the two. This is true even 
though the a\ erage frequency is con¬ 
stant and the same in both generators. 

When used for locking-in the main 
sync generator with one at the remote 
location which is usually operated from 
a separate power line than that at the 
studio, the remote composite signal is 
first fed to the video amplifier. Tnis 
stage is followed by a sync stripper cir¬ 
cuit, which removes the sync pulses 
which then are applied to the blocking 
oscillator tube The resulting pulses trig¬ 
ger the following multivibrator whose 
output is applied to a filter circuit for 
the purpose of deriving a sine-wave 
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for driving the slave sync generator. The 
phasing controls permit an adjustment 
over a 100 degree range, and when once 
set, will hold the phase within 1 degree 
of the value derived. This circuit incor¬ 
porates separate “fine-phase” controls 
for Local-to-Remote and Remote-to-Lo-
cal, eliminating adjustment for each sig¬ 
nal-switching operation. 

The phase indicator lamp is used to 
give visual indication when the phase 
difference between the vertical sync in¬ 
tervals of the remote signal and the lo¬ 
cal sync generator are within the RTMA 
limits of 5% leading and 1% lagging. 
When the locking reference switch is in 
the Local-to-Remote position, the sense 
of the indicator corresponds to local sig-
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figure 3.10B. Photo and detaJs 2F21 monoscope 

tube. Photo Courtesy RCA. 

nal on the air with remote signal on pre¬ 
view. In the Remote-to-Local position, 
the sense of the indicator corresponds to 
remote signal on the air and with local 
signal on preview. The sine-wave out¬ 
put to the sync generator is approxi¬ 
mately 60 cycles, depending on the fre¬ 
quency of the remote sync. 

3.10 The Monoscope Camera 

The Monoscope is a camera which pro¬ 
vides a test pattern signal for overall 
checking of equipment from camera con¬ 
trol units to the video transmitter. This 
signal is often combined with the station 
call letters for transmission prior to the 
regular telecasting schedule. The RCA 
Type TK-1A Monoscope Cameia is il¬ 
lustrated in Fig. 3.10A, along with the 
functional block diagram. 

The front cover is removed in this 
photo. The large shield to the left con¬ 
tains the Monoscope tube, a 2F21, illus¬ 
trated in Fig. 3.10B. The shield is of mu¬ 
metal, and the magnetic deflecting coils 

are attached to it. The tube socket, an¬ 
ode, and signal leads may be discon¬ 
nected and the entire assembly includ¬ 
ing tube, coils and shield may be swung 
outward for easy maintenance or tube 
replacement. It should be noted that the 
test pattern is printed on the signal 
plate of the tube. This test pattern is 
shown in Fig. 3.10C. 

The test pattern is of the standard 
aspect ratio of 4 to 3, with the large 
circle having a diameter three-fourths 
the pattern width. This large circle and 
the four smallei- circles provide a use¬ 
ful means of checking the scanning sym¬ 
metry of the units through which the 
signal passes. The wedges within the 
circles are used for closely estimating 
the system resolution. The figures 20, 30, 
etc., located between these wedges indi¬ 
cate resolutions of 200 lines, 300 lines, 
etc. It should be noted that both vertical 
and horizontal wedges are used, so that 
both V and H resolution is checked. The 
actual testing procedures and pattern 
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Figure 3.IOC. Monoscope camera test pattern. This pattern provides for checking horizontal and 
vertical scann ng linearity, shading, contrast, and brightness. Actual operating interpretations are 

discussed in Chapter ó. Courtesy RCA. 

image interpretation are covered in 
Chapter 6. 

The functional block diagram of the 
monoscope camera is shown in Fig. 
3.10A. The first of the 4 tubes in the ver¬ 
tical deflection generator amplifies the V 
driving signal from the sync generator 
and generates a sawtooth voltage wave. 
This sawtooth is amplified in the second 
stage. The third stage drives the vertical 
magnetic deflection coils of the test pat¬ 
tern tube. The fourth stage provides 
negative feedback for the purpose of 
improving scanning linearity. 

The first stage in the 3 stage horizon¬ 
tal deflection generator amplifies the 
horizontal driving pulses from the sync 
generator and generates a sawtooth volt¬ 
age at the H (line) frequency. The sec¬ 
ond and third stages amplify this saw¬ 
tooth and drive the horizontal deflection 
coils of the monoscope tube. The blank¬ 
ing amplifier receives and amplifies the 
composite blanking pulses from the sync 

generator, and provides the proper level 
and polarity of these pulses to the video 
amplifier for proper mixing with the 
video signal of the test pattern. 

The video amplifier uses six stages of 
video amplification, with a clipper stage 
between the fifth and sixth stages. The 
reason for the clipper is to provide ad¬ 
justable clipping level to adjust the 
height of the blanking pedestals. The 
monoscope output signal is fed to the 
first stage of the video amplifier and am¬ 
plified through the following chain of 
amplifiers. The blanking signal is in¬ 
serted in the output of the fourth stage. 
The output of the fifth stage therefore 
contains both video and blanking, and 
the clipper stage is adjusted for the cor¬ 
rect level of clipping of the blanking 
peaks. The sixth, or output stage con¬ 
sists of two tubes with grids tied in 
parallel, but separate plate circuits. 
This type of circuit provides two sepa¬ 
rate outputs, one connected to drive the 
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equipment to be tested, the other to drive 
a monitor. 

It is noted from the photo that the 
tubes and main components are mounted 
on the front panel. All controls are 
grouped on a small control strip at the 
bottom of the chassis. In actual opera¬ 
tion, the cover plate which fits in front 
is interlocked so that the high-voltage on 

the rectifier tube and circuits is removed 
upon removal of the cover. 

3.11 Slide Projectors and the 
Flying Spot Scanner 

Perhaps one of the most widely used 
facilities in the TV Control Room is the 
equipment concerned with telecasting of 
still subjects. Simple pictures and titles 

4 OPTICAL OPENINGS TOR OPAQUE CARDS 
PHOTOGRAPHS ART WORK GLASS SLIDES 
TRANSPARENCIES STRIP MATERIAL OR 
SMALL OBJECTS. 

Figure 3.1 1 A. Courtesy Gray Research and Development Company. 
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for announcements or commercials, test 
patterns, news photos, temperatures and 
time announcements, and station iden¬ 
tifications, all are samples of the appli¬ 
cation of projecting still subjects. 

It is becoming more and more popular 
in practice to use some means of reduc¬ 
ing such subject matter to a slide, either 
a negative or actual glossy print, and a 
slide projector and camera system to 
transmit the subject. Such practice not 
only facilitates quick change of subject 
matter, bul avoids tieing up a regular 
camera chain with awkward handling 
of large cards placed upon easels in the 
studio. 
There are a number of ways slides 

may be telecast, some home-made and 
some commercial. One of the more popu¬ 
lar commercial types of slide projectors 
is the Grey Telop, illustrated in Fig. 
3.11 A. This projector is used to focus 
the picture on a regular film camera in 
the film control room. As shown in the 
photo, there are four optical openings 
for opaque cards, photos, glass slides, 
art-work, transparencies, strip mate¬ 
rial, or even small objects of any type 
called for. Two of the optical openings 
are horizontal, two vertical. Slide hold¬ 
ers may be used in any of these open¬ 
ings. The size of the transparencies, etc., 
are 3" by 4", and the object-to-image 
ratio is 1:1 when the camera is 33" from 
the projector lens as shown. In this way, 
as many as 20 subjects may be in readi¬ 
ness for any particular program or sub¬ 
sequent programs. 

The control panel shown to the left 

Figure 3.1 IB. Illustrating accessory unit used with 
Gray Telop to extend special effects. Courtesy 

Gray Research and Development Company. 

provides versatile televising through lap 
dissolve, superimposing, fade-out and 
fade-in, or combining small objects or 
even moving news ticker-tape with 
slides. Fig. 3.11B illustrates an acces¬ 
sory unit which may be used to provide 
moving news ticker-tape with any small 
object such as the carton of breakfast 
food shown. This carton is mounted 
upon a turntable which may be rotated 
at the same time to display other objects 
related to the subject. Thus it is obvious 
that almost any combination desired 
may be achieved in such an arrange¬ 
ment, limited only by the producers 
imagination and application technique. 
Another increasingly popular means 

of televising slides is the flying spot 
scanner. This method utilizes only one 
unit in which the projection and camera 
action is combined. The unit gets its 
name from the principle of operation; 
i.e., a flying spot of light (rather than 
a beam of electrons) is made to move 
across (scan) the slide to be televised 
in the standard manner of scanning so 
that the light variations may be con¬ 
verted to corresponding electrical varia¬ 
tions for the purpose of transmission. 
This spot of light is reflected (if a posi¬ 
tive print is used) or is passed through 
(if a transparency is used) in varying 
degrees according to the light and shade 
or density of the object. The resulting 
light variations are then converted to 
similar electrical variations by means of 
a photocell. 

How this is accomplished is shown by 
the functional block diagram of Fig. 
3.11C. The kinescope tube is used here 
only as a source of generating the flying 
spot used to scan the object. The kine¬ 
scope electron beam is first focused into 
a sharp spot of light on the phosphor of 
the face of the tube. The spot of light is 
then deflected by application of the regu¬ 
lar H and V driving impulses from the 
sync generator usually supplied to the 
camera chain. The unit also supplies the 
blanking at the end of each line and each 
field so that retrace of the flying spot is 
cutoff. It should be noted that two mir¬ 
rors are used, so placed that the raster 

148 • 



Inside the TV Control Room 

Figure 3.1 ' C. Functional block diagram of typical flying spot camera. 

is reflected into two separate assemblies. 
In this way two separate pictures may 
be scanned by one flying spot. Each as¬ 
sembly contains the necessary objective 
and condenser lens, between wh ch the 
slide carriers are mounted. A photocell 
is mounted behind each slide carrier and 
their outputs feed a mixer circuit utiliz¬ 
ing the same type of fader levers as de¬ 
scribed for mixer circuits in section 3.6. 
Thus switching may be provided in any 
of the required forms such as fading, 
lap-dissolving, superimposure, etc. The 
output of the mixer- then feeds a video 
amplifier in which the composite blank¬ 
ing and sync pulses may be inserted for 
direct transmission to the transmitter. 

Fig. 3.111) is a phantom sketch of the 
RCA Type TK-3A Flying Spot Camera, 
showing actual orientation of the com¬ 
ponents in the block diagram. The most 
often used electrical controls are placed 
upon the control and mixer panels. The 

slide changing and optical focus controls 
are on top, convenient to the operator. 
This particular camera uses a 5" kine¬ 
scope mounted in a vertical position as 
shown. Controls used in setup and in 
need of only occasional adjustment are 
on the video amplifier chassis which is 
“bath-tub” type, mounted on hinged 
rails in lower front of the table cabinet. 
Controls affecting centering and beam 
current are mounted on a narrow panel 
on top of this chassis, and are available 
through an opening in the front cover. 

A camera of this type has a number 
of advantages. Studio or film cameras 
are not tied up for still projections, free¬ 
ing them for other shows, rehearsals, or 
maintenance. The most severe limitation 
at the time of writing appears to be in 
the insufficient light output from the 
kinescope phosphor, which limits the 
size of the object to 2" by 2". This size 
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Figure 3.1 ID. Phantom sketch illustrating the 
location of major components and circuits ele¬ 
ments of the RCA TK-3A flying spot camera. The 
heavy black lines denote circuit connections be¬ 
tween stages. Courtesy RCA and Broadcast News. 

picture or slide, however, is very satis¬ 
factorily transmitted in present setups. 

3.12 Special Effects Equipment 

“Special Effects” as applied to tele¬ 
vision is a broad and varied field. It may 
be recognized by the reader that some 
special effects have already been men¬ 
tioned ; lap-dissolving, superimposing of 
two separate pictures, blending of slides 
with actual objects, etc. In the means 
thus far employed, however, it was nec¬ 
essary to blend the “whole” of each ob¬ 
ject together as, for example, superim¬ 
posing one picture over another. The 

special effects within the scope of the TV 
program, include not only the methods 
above, but also means of using any one 
part of any picture with varying out¬ 
lines of the areas involved. Indeed the 
scope of special effects is limited only 
by the imagination and adaptability of 
the production and technical depart¬ 
ments. 

To meet the growing demands in the 
application of special effects, a variety 
of specialized equipment has been de¬ 
veloped to derive unusual pictorial ef¬ 
fects with the minimum of preparation 
and chances of operational error. Such 
special effects equipment will be de¬ 
scribed presently. First, let’s explore the 
latitude provided in this application by 
slide projectors, mixer panels, and flying 
spot scanners. 

The action of lap-dissolving, or the 
gradual fading out of one picture while 
another is faded in simultaneously, is so 
common that it is now considered a part 
of normal operational technique. Super¬ 
imposing is done less often, as it should 
be, and is classed as a special effect al¬ 
though this is the most common effect 
produced by the mixer operator. Since 
the entire pictures are blended together, 
background must be watched carefully 
to avoid a hopeless hodge-podge in the 
final picture. A dark object which should 
predominate would be lost to view if the 
“mixed in” picture provided a dark back¬ 
ground at that section of the raster. 
Such practice is only carried out after 
careful rehearsals with the entire crew. 

Figure 3.1 2A. How actual clock with moving sweep second hand, slide and advertising message may 
be combined in equipment such as Gray Telop. 
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Figure 3.12B. (1} Angular wipe from bottom left to upper right, half completed. 

Another special effect requiring only 
the normal equipment is the “night¬ 
time” scene which is often used. Normal 
lights may be used in the studio, while 
the camera control unit operator may 
adjust the target voltage so that the sig¬ 
nal is “dark.” One effect which has been 
used is providing one camera signal 
from the studio with an extra amplifier 
stage, to result in a “negative picture” 
at the receiver kinescope. Naturally 
such procedures are rare and the scope 
of operations are limited severely. 

The use of such slide projectors as the 
Grey Telop, described in the previous 
section, for special effects, are common, 
and provide greater latitude in appli¬ 
cation. Fig. 3.12A illustrates one of a 
number of possible effects. An actual 
clock may be used with a sweep-second 
hand to show the exact time. The com¬ 
mercial slide, containing the sponsor’s 
name and location, is mixed with the pic¬ 
ture of the clock as shown in the figure. 
The sweep-second hand on the clock will 

be moving, and the sponsor’s message 
may be stationary or changed at will by 
switching to other slides. 
Another procedure which may be 

classed as a special effect is the action 
of “wiping” away one picture to be re¬ 
placed by another. This technique is 
easy with such equipment as the flying 
spot scanner described above. Fig. 3.12B 
illustrates two unusual types of wiping 
away one picture with another one to 
be viewed. This is accomplished by in¬ 
serting an opaque mask in the scanner 
(in place of tne usual transparencies), 
which may be-of fixed or variable area. 
The masking boundaries determine the 
boundaries between the two pictures. 
When wiping, the mask may be moved 
by hand in any direction desired, such as 
horizontally, vertically, or angularly as 
in (1) of Fig. 3 12B. The “pointed” wipe 
as in (2) of Fig. 3.12B is made by using 
a variable area opaque mask, or dia¬ 
phragm. Such masking techniques may 
also be used to insert only a certain part 
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Figure 3.1 2B. (2) Pointed or “Wedge Wipe," three-fourths completed. 

of one picture within a certain part of 
another picture. Operational techniques 
are covered in Chapter 6. 
Equipment especially designed to 

achieve special effects in telecasting al¬ 
low the most versatile use of optical and 
electrical combinations. Such equipment 
usually provides means for blanking out 
any one or more areas of a single pic¬ 
ture, inserting another signal into these 
areas, and changing the separating 
boundary in any desired shape. 

One system which was developed by 
RCA research engineers is shown in a 
simplified block diagram form in Fig. 
3.12C. This system functions from the 
action of a keying signal which is de¬ 
pendent upon the shape of an optical 
mask, this signal being used to operate 
an electrical switching system which 
switches from one video signal to an¬ 
other. For convenience in discussing this 
method, we will assume a mask of the 
shape shown of a black background, 
with two vertical white stripes. It will 

be shown how the video signal selected 
depends upon whether the black or white 
areas are being scanned. A single line 
interval of time may now be traced. It 
should be noted here that the camera 
scanning the signal control mask may be 
either a regular studio camera, or a fly¬ 
ing spot scanner. The latter facilitates 
the changing of the forms of the mask 
with less cumbersome dimensions of 
masking materials. When the flying spot 
scanner is used, the mask shown in Fig. 
3.12C would have slits cut into the mask 
corresponding to the “white” portion. 
The spot of light would reach the photo¬ 
cell only through these slits. 

Following closely the functional dia¬ 
gram of Fig. 3.12C, it is noted that a 
single line from the masking scanner 
consists of a black line (black positive 
polarity), a white peak, a black line, and 
another white peak, and a black line. 
This corresponds to the single line varia¬ 
tion of the scanning signal as it sweeps 
across the mask. To eliminate any spuri-
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ous noise levels, the signal is clipped in 
the following amplifiei- as shown, which 
allows squared-off tips for proper con¬ 
trol. This clipping level is variable. 

The resulting clipped signal from the 
amplifier-clipper is fed to a stage which 
yields two keying outputs of opposite 
polarity. One keying signal is fed to the 
video No. 1 switcher, the other keying 
signal goes to video No. 2 switcher. 
These switchers might be connected to 
two separate studio cameras viewing 
different objects. The switching (key¬ 
ing) signals are clamped during the 
blanking intervals as are the video sig¬ 
nals also. In operation, the keying sig¬ 
nals cut off one signal while the other is 
passed, and vice-versa. For example, if 
video No. 1 is passed during black scan¬ 
ning of the mask (or when the light spot 
is behind the mask in the flying spot 
scanner), video No. 2 is cut off. Then 
when white is being scanned (or the 
photocell receives light through the slit), 
video No. 1 is cut off and video No. 2 is 
passed. 

The two composite signals aie com¬ 
bined in a clipper stage which sets the 
black level of the picture. The signal is 
then amplified to the necessary trans¬ 

mission level and is set at proper polar¬ 
ity for feeding the stud'o system. 

In this manner, the mask may either 
be moved or changed to provide a vary¬ 
ing final “special-effects" picture. Inter¬ 
change of the transmitted or blanked out 
portions of the two signals may be ac¬ 
complished either by changing the input 
lines, or reversing the polarity of the 
switching signals at the polarity splitter. 
Obviously, the shape of the “white” or 
“black” portions of the mask will deter¬ 
mine the shape of the boundary between 
the two pictures. This is illustrated in 
Fig. 3.12D, where the mask used is a 
black heart outlined on a white back¬ 
ground and positioned as shown. The 
polarity of keying is such that No. 2 
camera signal is passed on white, and 
No. 1 camera signal is passed on black. 
The General Electric Company has 

developed an unusual special effects unit 
known as the Television Montage Am¬ 
plifier. This unit is capable of keyed in¬ 
sertions between two video signals as 
in the method described above; keyed 
insertions of selected parts of one video 
signal into another video signal ; and 
horizontal, vertical or wedge wipes by 
means of its own wipe control signal 

Figure 3.1 2C. Simplified functional block diagram of video special effects amplifier as developed by 
RCA. Waveforms show one line of video information. 
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Figure 3.1 2D. 

generators. Fig. 3.12E illustrates the 
Control Panel of this unit, and Fig. 
3.12F shows the relative orientation of 
the special effects amplifier and control 
units in relation to a typical studio con¬ 
trol room setup. 

One very unusual feature of this unit 
is the fact that a locating signal from 
one of the montage amplifiers is com¬ 

bined with the drive signal fed to the 
cameras involved in the studio pickup, 
which produces on each camera view¬ 
finder screen a bright line enclosing the 
area used in forming the final picture. 
In this way each camera operator is 
aware of the area of coverage being 
used, so that his operational technique 
may be well coordinated with the intent 

Figure 3.1 2E. G. E. type TC-34-A TV Broadcast Montage Amplifier control panel. 
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Figure 3.1 2F. Interconnection of Montage Amplifier with studio units. 

of the effect. This locator signal is in¬ 
itiated in the “locating signal genera¬ 
tor” (Fig. 3.12F), a 6BN6 stage nor¬ 
mally operated so that the tube is con¬ 
ducting. The keying signals which are 
applied to the suppressor grids of the 
keyed mixers in the diagram are passed 
through a differentiating circuit and ap¬ 
plied to the two control grids of this 
6BN6. With the tube normally conduct¬ 
ing, positive pulses thus applied lave no 
operational effect, whereas regative 
pulses bias the tube below cut-off. From 
this action, a positive pulse appears in 
the plate circuit for each negative pulse 
applied to the grid. Since the cifferen-
tiating circuit is driven from identical 
pulses of opposite polarity (since the 
amplifiers are keyed at opposite polar¬ 
ity) at least one grid of the 6BN6 will 
receive a negative pulse for each transi¬ 
tion in keying signal. The net result is 
that a positive pulse appears in the plate 
circuit at the start and finish of the key¬ 
ing pulse of each line. These pulses fed 
through a cathode follower output stage 
to be mixed with the driving signals to 
the studio cameras, cause a continuous 
series of dots to intensity modulate the 
viewfinder kinescope outlining the 
keyed-in area. As shown in the block dia¬ 
gram of Fig. 3.12F, the locating signal 
is fed to the camera control unit so that 

proper mixing with the camera drive 
signals may be obtained. 

The operator should become familiar 
with the terminology of special effects 
as obtained in commercial equipment of 
this type. Keyed insertions is the type of 
special effect shown by Fig. 3.12D. In 
this method, the keying control signal is 
obtained from a film camera and slide 
projector, a flying spot scanner, or a 
third studio camera. The flying spot 
scanner is rapidly becoming the favor¬ 
ite in this application, since any fixed or 
variable shape opaque shutter or dia¬ 
phragm which will fit. in place of the 
transparent slides may be used. This 
signal, fed to the control video ampli¬ 
fier produces the desired keying pulses 
for the insertion of one signal into any 
part of the other signal. 
Combined montage is similar to keyed 

insertions with this difference: the key¬ 
ing signal for selection between channel 
1 and 2 is the actual picture input to 
channel 2. This may be considered as a 
two signal, self-keyed insertion. The 
first key on the left in the upper row of 
pushbuttons (Fig. 3.12E) is depressed 
in this instance, which is the “self-key” 
button, connecting the video No. 2 sig¬ 
nal into a clipper amplifier preceding the 
No. 2 video amplifier. (Not shown in 
block diagram.) On the original setup 
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Figure 3.12G. (1) Method of backscreen projection to provide fixed or changing backgrounds for 
small objects. The slides may also contain sponsors messages. 

of camera No. 2, the signal source is con¬ 
fined to a very low contrast range be¬ 
tween white and a medium gray level. 
No source approaching black in content 
may be included. This amplifier then 
conducts for all signals in the medium 
gray to white region, and keys off at 
other times. By judicious choice of the 
two signal contents, a very effective 
montage is achieved. The original re¬ 
stricted contrast range of video No. 2 is 
restored in the clipper amplifier by clip¬ 
ping the signal, adjusting the gain so 
as to establish the medium gray level 
to transmiti ed black level, and white 
level to normal transmitted white level. 
Stationary wipe technique is another 

popular method of producing an inser¬ 
tion of one picture into another picture. 
For example, if the “wiping” action of 
Fig. 3.12B were stopped as it is in our 
illustration, we would have an insertion 
of one picture into another. A popular 
usage of this effect in television shows is 
the scene of a person talking on the tele¬ 
phone in the lower left corner of the 
raster, and another picture of the person 
receiving the phone call in the upper 
right of the raster. Wipes, eithei’ mov¬ 

ing or stationary, are produced in the 
GE Montage Amplifier by internally 
generated keying signals. The wipe con¬ 
trol signal generators f Fig. 13.12F) are 
driven by the composite sync and hori¬ 
zontal driving pulses from the main sync 
generator. For horizontal wipes, camera 
H driving pulses trigger a sawtooth gen¬ 
erator, and the DC level to which the 
sawtooth is restored is varied so that 
the instant the grid of the keying tube 
passes through the off to on transition 
is caused to vary linearly from one side 
of the picture to the other. The net ef¬ 
fect is that of a DC restorer at the grid 
of a tube, the variable DC level being 
determined by the position of the con¬ 
trol lever at the far right in Fig. 3.12E. 
For horizontal wipe operation, the 
pushbutton in the upper row marked 
“HORIZ WIPE” would be depressed. 
To produce wiping action to the right, 
the lever would be operated from up to¬ 
ward down position, and vice-versa for 
wipe to the left. Wipe action may be 
stopped at any point, in which case the 
two signals would occupy their respec¬ 
tive positions in the composite picture. 
The word SUPER in the caption for this 
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Figure 3.1 2G. (2) Method of bockscreen projection to supply moving backgrounds for TV productions. 

control refers to the superimposition 
pushbutt on on the top row. The left lever 
is used for vertical wipes. The wedge 
wipe is actually a combination of both 
H and V wipes. 
It should now be apparent to the 

reader that television is equipped to 
handle any conceivable type of special 
effect that could enhance a program, 
limited only by the imagination and re¬ 
sourcefulness of production and techni¬ 
cal departments. Such effects were 
achieved in motion pictures only by com¬ 
plicated and time-consuming’ printing 
processes of the film. 

Special effects also include back-pro¬ 
jection of slides to provide a background 
for small objects or entire stage setups 
as illustrated in Fig. 3.12G(1) and (2). 
Outdoor scenes may be most conveni¬ 
ently simulated by this method. A trans¬ 
lucent screen is used for the purpose, 
and sufficient projection light must be 
used to prevent the normal key lighting 
used in the studio for the subject from 
“washing out” the projected back¬ 
ground. This technique for providing a 
variety of backgrounds is becoming very 
popular in practice. By proper control 

of front lighting and the use of the ul¬ 
tra sensitive 5820 type orthicon, very 
satisfactory results are obtained. 

Also popular in the larger stations 
such as the key network studios is the 
use of backscreen motion picture pro¬ 
jection. As might be expected, the pri¬ 
mary problem is properly synchroniz¬ 
ing the projected pictures with the TV 
camera. At first thought, it might ap¬ 
pear that a regular 2-3-2-3 television 
projector throwing the picture on the 
screen would be usable. While it is true 
that this technique is compatible with 
the studio camera (section 1.11), it has 
been found in practice that the available 
illumination on the screen is far below 
allowable limits. The projector for back-
screen projection must be about 18 feet 
behind a 9x12 foot screen to fill the pic¬ 
ture area, as compared to about 40 
inches when used with the TV camera. 

This problem was solved by using the 
rapid pull-down 2-3-2-3 type of “inter¬ 
mittent” (described in following section 
on the TV Film Chain), both a high-in¬ 
tensity carbon-arc and incandescent pro¬ 
jection lamp, and a special type of shut¬ 
ter. The major difference, therefore, in 
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a backscreen projector for studio back¬ 
grounds and the regular TV projector 
for the iconoscope film camera is in the 
type of projection lens used and the 
much higher intensity projection lamps. 

3.13 The TV Film Chain 
The film department is an overworked 

division at most TV installations today. 
Film consisting of regular features, 
news reels, commercials, and special ef¬ 
fects are a major source for the televi¬ 
sion program department. The adapt¬ 
ability and split-second timing of films 

may easily provide the incentive to keep 
a large portion of TV programs on the 
film chain. Certainly this system pro¬ 
vides an easy way to “edit out” and re-do 
any bad fluffs or embarrassing mistakes 
on programs to be distributed through¬ 
out the country. 
The fundamental problems of tele¬ 

casting film and the basic methods of 
meeting them were outlined in section 
1.11 of Chapter One. It is advisable to 
review this section at this time. Fig. 3.13 
shows the fundamental properties of a 
film projector. 

Figure 3.13. 16mm sound film is 0.630" wide by obout 0.006" thick. The base is acetate and is 
non-inflammable. Picture frame is 0.294" high by 0.410" wide, each picture being separated from the 
next by a 0.006" opaque line, 40 frames to the foot. While the picture frame is pulled down inter¬ 
mittently and allowed to rest at the gate momentarily, the sound track is caused to roll steadily over 
the sound drum and photo-cell assembly. The sound track with audio for the corresponding picture 
frame is 26 frames ahead. The exciter lamp supplies light to the photo-cell through the sound track, 
thus the photo-cell receives fluctuations of light according to the density of the recorded sound on the 
track. The photo-cell thus feeds the audio preamp. The picture projection lens places the image upon 

the iconoscope tube mosaic which is in the camera about 40" from the projection lens. 
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Figure 3.13A. Multiplexes uni* permits use of 2 film projectors end one slide projector with only 
one film camera unit. Photo Courtesy of RCA. 

In practice, one camera, consisting 
(usually) of an iconoscope pickup tube 
with its associated sweep circuits and 
amplifiers, serves two film projectors. 
This is accomplisheil by means of a mul¬ 
tiplexer, illustrated and diagrammed in 
Fig. 3.13A. The unit shown is an image¬ 
reflecting device (two-mirrors) fitted 
with a standard slide projector. Images 
are thus picked up from the slide projec¬ 
tor or from either film projector without 
movement of any unit involved. The 
slide projector is mounted above the two 
mirrors as shown, the mirrors being 
mounted at the required angles to prop¬ 
erly reflect the image from either pro¬ 
jector to the film camera unit. A typical 
projector and film camera is illustrated 
in section 1.11, Chapter One. 

This arrangement is common in all in¬ 
stallations using two or more projec¬ 
tors. The operator in the projection con¬ 
trol room may select at will the picture 

from any of the projection units. Such 
a method facilitates easy changing from 
one projector to another during a con¬ 
tinuous program when one projector 
cannot hold enough footage of film for 
the entire show. The slide projector is 
often used for station identification or 
any type of stills. 

There are several major differences in 
film projectors for television than those 
used for theater application. Firstly, in 
order to successfully employ the 2-3-2-3 
scanning sequence, the pull-down time 
(time the projector takes to pull the next 
frame into place) must be shorter than 
the theater type. Secondly, the projec¬ 
tion lens is comparatively close to the 
pickup camera, being in the neighbor¬ 
hood of 40 inches. Thus the optical sys¬ 
tem is used to correctly size and focus 
the picture upon the Iconoscope mosaic. 

As already discussed (section 1.11), 
there are two methods of providing light 
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flashes to the film; the shutter method 
and the “pulsed-light” system. In gen¬ 
eral, it may be found in practice that the 
Kimm projector uses the shutter, while 
the 35mm projector uses the pulsed-
light. At the present time, the 16mm is 
more commonly used due mainly to the 
more rigid safety and fire codes prevail¬ 
ing for booths containing 35mm equip¬ 
ment. The 16mm film is on a safety base, 
whereas 35mm film is not on a safety 
base since such is not economically feas¬ 
ible. The æmm type, however, provides 
slightly better resolution and picture 
fidelity. 

The time relationship of the pull¬ 
down, light, and scanning sequences as 
compared to standard theater projection 
is shown in Fig. 3.13B. Following closely 
this diagram, it is noted that the pull¬ 
down in the standard projector is about 
one-sixth of the total frame-cycle. The 
next line down shows how the TV pro¬ 
jector pull-down time is decreased so 

that this interval is only about one¬ 
eighth of the total frame-cycle. If the 
standard pull-down interval were used 
for telecasting, alternate pull-downs 
would slightly overlap the light flash 
cycles causing an elfect termed “travel¬ 
ghosts.” Thus the claw mechanism 
which pulls down on the film is slightly 
speeded up for TV use. The next line 
down in Fig. 3.13B shows the approxi¬ 
mate intervals of the light flashes al¬ 
lowed by the shutter to reach the film. 
It is noted here that frame 1 is illumi¬ 
nated twice, frame 2 three times, frame 
3 twice, etc. The next line down indicates 
the scanning intervals, which occur dur¬ 
ing the unlighted intervals following 
each burst of illumination. The mosaic 
of the iconoscope “stores” the signal 
voltage during the interval between 
light bursts. The scanning process then 
transforms the stored voltage variations 
to corresponding electrical variations 
which are applied to the preamplifier in 
the film camera. 

PULL-DOWN IN 
STANDARD 
PROJECTOR 

sec — 

pull_ PULL_ PULL_^^L 
FRAME I FRAME 2 \///\ FRAME 3 V//\ _ 

DOWN DOWN DOWN DOWN 

PULL PULL PULL 
FRAME 3 FRAME 2 

I i DOWN i I .DOWN DOWNi i |DOWN i i 

[SCAN I 

TIME 

SCAN 60 PER SECOND 
SCAN N I NG 
FIELDS 

— SEC 
60 

60 PER SECOND 
LIGHT BURSTS 
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EV PROJECTOR 

* * 7ToSEC
FIELD RETRACE 

Figure 3.13B. Framing, light and scanning time sequences to adapt 24 frame per sound standard film 
projection to 30 frame per second TV standards. The shortened pull-down time prevents light flashes 
from reaching the film during the pull-down interval. Scanning during the pull-down in this sequence 
is allowable since light does not reach film at that time. Light flashes occur during vertical blanking 

interval. 
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Figute 3.13C. Shutter and shutter drive mecha¬ 
nism in RCA lómm TV projector type TP-16A. 

In this system, the (50 light flashes re¬ 
quired every second (for a duration of 
one-thousandth second) are supplied by 
a shutter which is driven by a synchro¬ 
nous motor. Thus this motor must be 
supplied with power from the same 
power source as the main sync genera¬ 
tor, or a “remote sync-phasing” unit 
(section 3.9) must be used. In practice, 
the motor usually employs a separately 
excited DC field. Since such a field is po¬ 
larized (direct-current) the motor will 
always “lock-in” to proper phase rela¬ 
tionship with the sync generator when 
once adjusted Phasing procedures are 
described in Chapter 6. 

Types of shutters vary slightly in 
practice. Fig. 3.13C illustrates the ro¬ 
tary shutter used in the RCA TP-16A 
projector. This is an 18 inch metal disc 
with a slot cut fn its periphery as shown. 
This shutter is driven at a speed of 3600 
rpm by the motor. This provides the 
proper interval of light bursts and rate 
of repetition. The location of the disc is 
such that the cross-section of the light 
beam from the projection lamp is small 
compared to the size of the shutter open¬ 
ing, resulting in quick opening and clos¬ 
ing times. The Du Mont 16mm projec¬ 

tor (made by the Holmes Projector Co.) 
uses dual shutters having a single aper¬ 
ture each. The rear shutter is between 
the condenser lens system and the film, 
while the front shutter is located ahead 
of the projection lens. The apertures of 
the shutters are aligned together and 
with both revolving in the same direc¬ 
tion, the projection lens creates a light 
burst projected onto the iconoscope mo¬ 
saic which is cut off simultaneously from 
top and bottom to the center of the aper¬ 
ture. In the General Electric television 
projectors, both the 16mm and 35mm 
types are pulsed-light systems. 
The pulsed-light method commonly 

used on all 35mm TV projectors will 
now be described in more detail. The ac¬ 
tion of the mechanical shutter is elimi¬ 
nated by using a pulsed-light instead of 
a steady light broken by shutter action. 
The pulses must be supplied by a pulse 
power supply which is driven from the 
main synchronizing generator, thus 
complicating somewhat the overall cir¬ 
cuitry for the projector. The pulsed pro¬ 
jection lamp is of the gaseous type to al¬ 
low brilliant bursts of light for the ex¬ 
tremely short duration of 1/1200 second, 
or about 830 micro-seconds. The dura¬ 
tion and shape of the pulses supplied 
are under control in the associated 
power supply and pulse forming unit. 

Fig. 3.13D is a photo and diagram of 
the RCA Type TP-35B television film 
projector. The gas-filled discharge tube 
is driven from the pulsed power supply 
synchronized from the main sync gener¬ 
ator. This power supply is rack mounted, 
as is the exciter lamp supply for the 
audio track. Controls on the projector 
and at the rack provide starting and 
stopping at either location. “Dousing” 
and “undousing” operations upon 
changeover between projectors is accom¬ 
plished by electrically operated relays in 
the RCA system. The operator is pro¬ 
vided with a picture monitor which pro¬ 
vides for check on quality and cues for 
switching. When the first cue-marks ap¬ 
pear at upper right <>f picture (de¬ 
scribed under Operations in Chapter 6), 
the operator pushes a button to start the 
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Figure 3.1 3D. Pulse-lighting and film gate system of RCA 35mm Television projector. 
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Figure 3.13E. Special tyae of intermittent used in RCA type TP-35B television film projector as com¬ 
pared to standard projectors used in the theatre. This is a three-sided geneva movement which, driven 
by a synchronous motor, pulls the film down at unequal lime intervals. Alternate frames stay in place at 
the film gate 1/10 second longer than the preceding and succeeding frame. This, together with 
speecy pulldown allows the 830 microsecond light pulses (at 60 times per second) to flash twice 
through the first frame, three times through the second, twice through the third, three times through 
the fourth, etc. Scanning in the pickup tube of the film camera is synchronized to follow the rate of the 
light pulses, beginning immediately upon the cessation of each light flash, and continuing during the 

unlighted intervals. Courtesy RCA. 

motor on the second projector. Upon the 
appearance of the second set of cue¬ 
marks, the operator pushes a single but¬ 
ton which switches both picture and 
sound to the second projector, and 
“douses” the first projector. The type of 
“intermittent,” or movement used to 
operate the pull-down claw for the RCA 
projector as compared to the conven¬ 
tional theater projector is shown in Fig. 
3.13E. 

The General Electric pulsed-light sys¬ 
tem is known as “Synchro-Lite” projec¬ 
tion. In this unit, the pulse power sup¬ 
ply, as well as the exciter lam)) supply 
and photo-cell (audio) amplifier are lo¬ 
cated in the base of the projector. This 
particular projector is unusual in that it 
also employs a small mechanical shutter 
on the projection lamp which is used to 
further reduce flicker. The complete de¬ 
scription follows.* 

The standard sound motion picture 
film with 24 frames per second must be 
converted to the 30 frames per second 
TV standard. As a further requirement, 
it is desirable to illuminate only during 
the vertical blanking period of the TV 

*ctsy General Electric Co. 

signal and the film must be stationary in 
the gate at this time. The vertical blank¬ 
ing is set at 5 to 8% of 1/60 of a second 
so the illumination time cannot exceed 
5% of 1/60 of a second or 830 micro¬ 
seconds. In this projector, when used for 
standard 16mm motion picture sound 
film, 24 frames per second are trans¬ 
ported intermittently past the aperture. 
The illumination is supplied by an arc 
lamp with a mechanical shutter which 
interrupts the light beam 72 times per 
second or three illuminations per frame 
to reduce flicker. The TV system with 
its 60 fields per second has 2.5 times the 
24 frame motion picture rate. In prac¬ 
tice, this % frame differential is taken 
care of by illuminating one frame three 
times and the next one twice. This im¬ 
poses restrictions on the maximum pull 
down time of 7 milli-seconds. Fortu¬ 
nately, there are standard 16mm projec¬ 
tors that have better than 7 milli-seconds 
pull down so that if the projector mecha¬ 
nism is synchronized with the vertical 
pulse from the sync generator, no spe¬ 
cial intermittent, such as required for 35 
mm projectors, is needed. 

The illumination of the film must be 
timed to synchronize with the TV sync 
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generator. This can be accomplished 
either by using a rotating shutter to in¬ 
terrupt a continuous light source such 
as an arc or incandescent projection 
lamp or by illuminating the film from a 
pulsed light source timed from the sync 
generator. Synchro-Lite is the General 
Electric designation for the pulsed light 
source used in this projector. 

High intensity illumination is re¬ 
quired to obtain satisfactory reproduc¬ 
tion with present film pickup tubes. The 
short light pulse (830 micro-sec.) for 
TV is only % as long as the 50% pulse 
in a conventional motion picture projec¬ 
tor so the light output must be very high 
to give adequate intensity through a 
dense film onto the camera tube mosaic. 
The Synchro-Lite gives this high inten¬ 
sity illumination without requiring 
either excessive power or forced cooling. 

The audio system should reproduce all 
that is available on high quality film. 
The requirements for broadcast audio 
quality are much more stringent than 
for a 16mm motion picture projector so 
that special steps need to be taken to re¬ 
duce hum and microphonics and to 
equalize the frequency response. 
The Synchro-Lite uses a Krypton filled 

flash tube Type FT-230 made by the 
General Electric Lamp Department. The 
arc strikes between the tips of the two 
tungsten alloy tips and requires about 
6000 to 7000 volts to break down the 
gap. The flash tube is filled with Kryp¬ 
ton gas at a pressure of two atmospheres 
which gives a bluish-white light pulse. 

The operation of the FT-230 to pro¬ 
vide a satisfactory pulsed light resolves 
itself into three functions: 
1. The gas between the electrodes is 

ionized. 
2. Energy for the light pulse is supplied 

to the lamp. 
3. The light pulse is cut off at the 

proper time. 
The vertical synchronizing pulse from 

the sync generator is fed through a buf¬ 
fer amplifier and used to trigger a multi¬ 
vibrator which in turn fires a blocking 
oscillator and Thyraton. A RC circuit 
in the grid of the pulse amplifier tube is 

used to filter sharp spikes from the sync 
lines and to make the circuit insensitive 
to disturbance on the sync line such as 
might be caused by power line hash in 
the ground system. The pulse developed 
by the blocking oscillator is used to drive 
a 715B high voltage pulser tube. High 
voltage for this pulser is supplied by a 
conventional half-wave rectifier. The 
output of the 715B is an oscillatory wave 
having a peak-to-peak value of 15,000 
volts with a 1 micro-second period. This 
voltage appears across the gap of the 
lamp and performs the first function of 
ionizing the gas. 

A much lower voltage at high current 
is required to maintain the arc in the 
FT-230 during the light impulse and 
this is provided by a three phase sele¬ 
nium rectifier with an output of ap¬ 
proximately 135 volts at approximately 
2 amperes in conjunction with two reso¬ 
nant circuits. This resonant charging 
circuit charges the capacitors to a peak 
of 600 volts just before the high voltage 
pulse is applied to the lamp. This charg¬ 
ing circuit operates in conjunction with 
a resonant discharge circuit consisting 
of an inductance, capacitance, the FT-
230, and the Thyraton. The duration of 
the flash and the shape of the light pulse 
is controlled by this resonant discharge 
circuit which is so designed that the 
light pulse will be 4% to 5% of the 1/60 
of a second field rate. This insures that 
the light pulse will be equal to or less 
than the lower limit of the vertical 
blanking period. 

The Thrytron carries the full flash 
lamp current and acts as a diode to cut 
off the light pulse during the negative 
swing of the resonant discharge cycle. 
The peak current through the lamp is 
approximately 70 amperes and the light 
pulse is a half sine wave which reduces 
the transient generated in the camera 
pickup tube over that from a rectangu¬ 
lar light pulse. The unit is fully enclosed 
with safety interlocks for protection of 
personnel and with the necessary power 
switches on the front panel. No adjust¬ 
able controls other than these power 
switches to control the high voltage and 
low voltage power supplies are required. 
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From an operating- standpoint, the 
Synchro-Lite permits stopping a single 
frame in the gate, illuminated at full in¬ 
tensity without danger of burning or 
blistering the film. This permits a chan¬ 
nel to be readied for switching on the 
line with shading, back light, and level 
adjustments preset and gives tne pro¬ 
gram director a clear image for preview 
of his available channel. 

Continuity of program is assured 
since the FT-230 flash lamp does not 
burn out suddenly like an incandescent 
lamp but gradually burns away the elec¬ 
trodes and darkens the bulb so that the 
end of life is caused by a reduction of 
the light output after 50 to 75 hours. 

The optical system, except for the pro¬ 
jection lens, consists of a separate lamp¬ 
house with provision for precision 
mounting and control for the flash lamp, 
reflector, and condensing lens system. 

The condensing lens system is de¬ 
signed to uniformly illuminate the film 
in the aperture and is so designed with 
its reflector mirror to eliminate any 
flicker in the projected picture from arc 
wander in the flash tube. This is done by 
allowing sufficient overlap of the aper¬ 
ture by the light beam and by properly 
positioning the reflected image with re¬ 
spect to the direct image. Both rotation 
and elevation of the flash lamp is pro¬ 
vided to properly position the light 
source with respect to the optical sys¬ 
tem. The projection lens itself, com¬ 
pletes the optical system. It consists of 
a 3" f2 Bell and Howell “In-crelite” 
coated lens which projects the correct 
size picture at a distance of 40" from the 
projection lens. 

The projector head itself is a specially 
modified Bell and Howell Filmoarc pro¬ 
jector with a standard double-claw type 
intermittent with a pull down time of 
4.6 milli-seconds. The intermittent move¬ 
ment is driven by a 1800 rpm, 1/75 h.p. 
synchronous motor. Since no mechanical 
shutter is required, the drive motor can 
be small and consequently, the starting 
and stopping time is greatly reduced 
since there are no heavy elements to add 
inertia to the system. A starting time 

of 3 seconds and a stopping time of 2 
seconds is thus attained. A separate 
take-up mechanism and motor are in¬ 
cluded which are also used to provide re¬ 
wind facilities. Synchronization of the 
intermittent movement of the film with 
the TV sync generatoi is assured since 
the synchronous motor drive and the TV 
sync generator are both locked to the 
power system. Phasing tne projector is 
accomplished by mechanically changing 
the position between the motor shaft and 
the intermittent drive shaft with a set¬ 
screw counling. Once the projector is 
properly phased with the sync generator 
and other projectors in the same system, 
there is no need for further adjustment. 
Since the Synchro-Lite properly times 
the light pulse with the sync generator, 
no DC field on the driving motor is re¬ 
quired and the projector will always 
come up with the proper phase. Com¬ 
plete freedom from the power line fre¬ 
quency car be obtained by synchronizing 
the projector driving motor directly 
from the sync generator. This will elimi¬ 
nate any projector phasing requirement 
and will permit the station sync genera¬ 
tor to be phased with remote or network 
signal to meet the suggested RTMA rec¬ 
ommendation concerning continuity of 
vertical synchronization. A framing de¬ 
vice is provided in the projector head to 
permit exact placement of the film frame 
in the aperture. 4000' reel arms are pro¬ 
vided with the projector so that up to 
110 minutes of continuous film can be 
provided with a single projector. The in¬ 
termittent movement and driving mech¬ 
anism is designed for 1000 hr. life and 
requires only routine cleaning and oil¬ 
ing for maintenance. 

The sound system consists of a con¬ 
ventional exciter lamp, lens, slit, with a 
photo-cell pickup. The exciter lamp fila¬ 
ment is lighted by high frequency (50 
KC) supply to eliminate AC hum and a 
light shield is provided to exclude extra¬ 
neous light from the room from entering 
the photo-cell. After the film leaves the 
picture aperture, the intermittent mo¬ 
tion is largely removed by a continu¬ 
ously moving second sprocket and a 
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third continuously moving sprocket 
which draws the film at a constant speed 
from the sound aperture. Vibration re¬ 
moving or damping devices are used 
consisting of a weighted rotating fly¬ 
wheel rigidly mounted to the shaft of 
the roller which carries the film past the 
sound aperture. This is called the sound 
filter. In addition, a device called an os¬ 
cillatory stabilizer is used to neutralize 
irregularities in the rate of film travel 
by transmitting a forward motion of the 
film on the take-up side of the sound 
aperture back to the portion of the film 
that has not yet reached the sound aper¬ 
ture as a backward impulse. This acts 
so that any change from a constant rate 
in the travel of the film is made to neu¬ 
tralize itself. Finally, a constant tension 
take-up mechanism provides a steadily 
increasing torque as the wheel becomes 
loaded with the film and protects against 
vibration and jerks inherent in a take¬ 
up driven by a spring belt with a slip 
clutch to adjust for differences due to 
changes in the amount of film on the 
take-up reel. 
The audio system starts with the 

photo electric cell type 918 which along 
with a preamplifier makes up the sound 
head for the projectors. Since the photo¬ 
cell is a low level, high impedance de¬ 
vice, the location of the amplifier next 
to the phototube greatly reduces hum 
and noise pickup and provides a high 
level lower impedance signal which can 
be passed through a cable to the ampli¬ 
fier in the projector base. A 2 tube am¬ 
plifier is used with a self-contained 
power supply and an equalization net¬ 
work to compensate for the film sound 
track deficiencies. The amplifier itself 
has a frequency response within 1% db 
between 50 and 10,000 cycles and a noise 
level 60 db below —20 dbm which is the 
normal output signal level fed from the 
unit into a 600/150 ohm line. 

The equalization provided will give 
the system a flat response from 80 to 
6000 cycles from a standard multifre¬ 
quency test film. Old noisy film may dic¬ 
tate a somewhat reduced frequency 
range which can be obtained by controls 
in the equalization network. 

The system noise level is made up 
principally of the random noise from the 
photocell and 1st amplifier and micro¬ 
phonics from the projector mechanism. 
With the projector stopped and a 25% 
neutral filter in the gate, the noise level 
is 55 db and with the projector running, 
the total signal to noise ratio is 50 db. 

At this time it is well to point out that 
the excitei- lamp which supplies light to 
the photo cell is never excited by DC 
or the usual power frequencies in AC. 
These lamps are powered by a super¬ 
sonic frequency, varying in manufac¬ 
ture between 28KC and 80KC. The oscil¬ 
lator which supplies this power for the 
exciter lamp is usually found on the pre¬ 
amplifier chassis for the audio system. 
This procedure has been found most sat¬ 
isfactory to eliminate hum and noise 
from being introduced into the system 
by the exciter lamp. 

The television film camera consists 
basically of an iconoscope pickup tube 
with its associated back and rim lights, 
video preamplifier, iconoscope blanking 
and sweep amplifiers, and usually a 
protective device which removes the 
high voltage in case of sweep failure. 
The audio output from the film projector 
is fed directly to the film chain control 
unit or audio console mixer-amplifier. 

Fig. 3.13F illustrates a typical film 
camera with top cover removed to show 
mounting of the pickup tube. Fig. 3.13G 
illustrates the film pickup control con¬ 
sole for use in adjusting and operating 
the entire film chain. 
The camera always incorporates a 

video output polarity switch which al¬ 
lows use of either negative or positive 
film in the television projector. Thus if 
it is necessary to telecast filmed events 
within a very short time after the initial 
filming, negative film may be used. (Sec¬ 
tion 3.14 to follow.) 

Immediately below the control panel 
of Fig. 3.13G are the “screw-driver ad¬ 
justments” such as sweep linearity, 
iconoscope blanking width, keystone cor¬ 
rection signal amplitude, etc. These are 
not ordinarily adjusted during program 
transmission, being set up during re¬ 
hearsals or pre-air warmups of equip-
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Figure 3.13F. DuMont TA-103-A film camera equipment. Courtesy DuMont. 

ment. The normal operating controls 
which may be seen on the panel are 
iconoscope sweep amplitude (vertical 
and horizontal), sweep centering (posi¬ 
tioning), focus and intensity controls; 
the rim light and back light brightness 
controls; and the shading controls. 

It is observed that both picture moni¬ 
tors and waveform monitors are used as 
in the regular studio camera control 
unit. On the unit shown, multiple inputs 
on the waveform monitors enable the 

operator to use them for test scopes and 
level indicators for external video sig¬ 
nals as well as normal operation. The 
picture monitor may also be used as a 
preview monitor so that the picture in¬ 
puts can be observed before switching to 
the program channel. Video amplifiers 
and sync insertion circuits are contained 
in rack mounts. A clamp circuit is used 
to improve low-frequency performance, 
and minimizes the need for a great 
amount of vertical shading. 
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Figure 3.13G. DuMont TA-105-A Film pickup control console. Courtesy DuMont. 

This film control equipment as well as 
many other models of film controls pro¬ 
vides an automatic, electronically con¬ 
trolled fading and lap-dissolving ar¬ 
rangement, as well as “manual” control 
of these functions. The automatic sys¬ 
tem is quite common on many makes of 
remote control units which are often 
used in small or temporary studios, as 
well as in the film chain. Thus it is ad¬ 
visable at this time to become familiar 
with the automatic electronic action of 
such controls. 

Automatic switching is based upon 
electronic biasing arrangements where-

Figure 3.13H. Electronic action for automatic 
fade out-fade in between two separate video 

signals 

by one channel amplifier tube is allowed 
to conduct, other channel tubes being 
biased below cut-off, hence non-conduct¬ 
ing. The rate of fade out and fade in is 
controlled by RC time constants in the 
biasing circuits. Considering a two-
channel circuit, Fig. 3.13H shows the 
electronic action necessary for the fade 
out-fade in type of switching, where 
channel 1 is faded out toward black 
screen at a certain rate, and channel 2 
is faded in at the same rate of time. In 
automatic systems, a switch is thrown 
at tl ; at t2, the screen is black (channel 
1 faded to black, channel 2 just at cut¬ 
off) , at t3, channel 2 picture is up to nor¬ 
mal brightness on the screen. Such cir¬ 
cuits usually provide for automatic lap¬ 
dissolves as well as the fade out-fade in 
type of switching, as well as pre-set of 
rate of switching action. 

Fig. 3.131 illustrates the basic type of 
automatic switching. Switch SW1 and 
SW2 is a two-gang switch so that when 
SW1 section is closed, SW2 section is 
open. When SW1 is closed, the excessive 
bias on the tube’s suppressor grid is re¬ 
moved, and channel 1 is conducting a 
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Figure 3.13.. Basic automatic switching arrangement. Switching occurs automatically at pre-set rate^by 
pushing the selector channel pushbotton. 

picture. At this time, channel 2 tube is 
biased below cut-off and is not conduct¬ 
ing. When channel 2 pushbutton on the 
control panel is operated, SW1 opens 
and SW2 closes, just reversing this con¬ 
dition. The rate at which VI falls to cut¬ 
off is determined by the time-constants 
of RI Cl and R2 C2, the R being ad¬ 
justable. The rate of V2 rise to conduc¬ 
tion is determined by the time-constant 
of R3 C3 only, since C4 is now grounded 
when SW2 is closed. R3 is also adjust¬ 

able. This circuit allows 4 rates of 
switching; instantaneous, fast, medium 
and slow, depending upon the setting of 
the control on the panel which actually 
switches the taps on RI, R2 and R3. 
SW3 is a 2-position switch which in one 
position causes one picture to completely 
disappear before the other picture ap¬ 
pears (fade). In the ‘Lap” position, the 
first picture is still visible when the sec¬ 
ond picture appears. As shown, this is 
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accomplished by varying the C minus 
supply to the switcher tubes. 

3.14 Video Recording Facilities 

A great amount of time and almost a 
million feet of motion picture film a 
year is used in video recording. This is 
a recording made by photographing the 
visual images (displayed on a special 
kinescope) on motion picture film in spe¬ 
cially adapted cameras. Motion picture 
photography of an image on a kinescope 
picture tube is variously referred to as 
video recordings, kinescope recordings, 
kinephotos, err teletranscriptions. Many 
important reasons contribute to the nec¬ 
essity for video recordings: (1) tran¬ 
scription of a live program or special 
event for delayed broadcast or syndica¬ 
tion; (2) reference file, for documen¬ 
tary, legal, historic or advertising pur¬ 
poses; (3) for rebroadcast of a program 
to “split-networks” in different time 
zones; (4) record of programs for study 
by the production department to check 
lighting effectiveness, camera shot an¬ 
gles, background reproduction, camera 
matching, etc. ; (5) recording which al¬ 
lows editing for immediate rebroadcast 
or at a later date; (6) recording used 
as an adjunct to motion picture theatre 
programs. 

The television operator, particularly 
in the larger stations, should be familiar 
with video recording facilities. (Opera¬ 
tions are described in Chapter 6.) Inci-
dently, no greater challenge exists in the 
entire TV field than improvement in 
equipment and operational techniques in 
this highly important link. 

Two different methods are commonly 
used for recording both picture and 
sound onto a single motion picture film. 

(1) The single system method. The 
picture image and the sound track image 
(variable area or variable density), re¬ 
corded simultaneously, in a single pass 
through a combination picture and 
sound recorder. This method is usually 
employed only when a single recording 
is to be made. Variable area sound 
tracks are usually used in this system. 

(2) Double system method. Employs 
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separate picture and sound recorders, 
operated in synchronism and at constant 
relative speed. This method is used for 
optimum quality of both picture and 
sound in the final composite release 
print. Most often used when recording 
is to be distributed for wide use. 
In practice, either 35mm or 16mm 

cameras are used for kinescope record¬ 
ing. The kinescope upon which the image 
to be recorded is displayed is a special 
type of tube employing a flat face, with 
particular phosphor and brightness 
characteristics appropriate to allow use 
of inexpensive film. One popular type of 
transcriber kinescope is described later. 
The associated circuits of such a tube al¬ 
ways permit reversal of direction of hor¬ 
izontal sweep (for reasons described be¬ 
low) , and provide means so that either 
positive or negative images appear on 
the screen. The need for this feature will 
become apparent in the following discus¬ 
sion. 

There are several alternate proce¬ 
dures which may be used in kinescope 
recording, applicable to either the sin-

Figure 3.14A. Double-system method of video re¬ 
cording from positive image. 
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gle or double system methods described 
above. The choice depends upon the pur¬ 
pose for which the recording is made, or 
the time allowable for use of the finished 
recording. One of the more popular pro¬ 
cedures is diagrammed in Fig. 3.14A. In 
this method, a positive picture appears 
on the kinescope (just as seen on the 
monitor or any receiver picture tube) 
and is photographed by the camera. 
Since the image is positive, the film will 
be a negative picture. This film is then 
processed either by a local motion pic¬ 
ture laboratory, or by the station itself 
when the developing and printing facili¬ 
ties are available. The composite posi¬ 
tive print is then made from the com¬ 
bined sound and picture negatives. The 
picture print produced in this manner 
does not have the standard emulsion po¬ 
sition. This is to say that film is ordinar¬ 
ily placed in the projector so that the 
emulsion side is toward the lens;. There¬ 
fore, it is necessary to reverse the image, 
left to right, on the kinescope screen. 

Figure 3.14B. Video recording from negative 
kinescope image. 

Note, that this is not a negative picture, 
but simply reversed in horizontal picture 
content. This is accomplished by revers¬ 
ing the direction of the horizontal scan¬ 
ning sawtooth current on the transcriber 
kinescope from that ordinarily used for 
direct viewing of the image. Thus it is 
necessary to incorporate this means as 
pointed out above. 

When only one copy of a video record¬ 
ing is required, or when time is an im¬ 
portant factor in producing a positive 
print, the method outlined in Fig. 3.14B 
may be used. A negative kinescope im¬ 
age is obtained by employing an extra 
amplifier stage or other means to obtain 
a signal from a negative picture polarity 
circuit. Since the image is a negative pic¬ 
ture, the photographic recording may be 
made on positive film. In this single sys¬ 
tem method, both picture and variable 
area sound are recorded on the same 
strip of film. Development in positive 
type developer results in standard emul¬ 
sion position of the film suitable for pro¬ 
jection or rebroadcast. If copies are nec¬ 
essary, a “dupe negative” is usually 
made from the picture and used in mak¬ 
ing final composite release prints. A 
negative is also made of the sound track, 
usually by re-recording, used to print 
the final positive sound tracks. Re-re¬ 
cording eliminates the necessity for us¬ 
ing a duplicate negative of the sound 
track which invariably results in serious 
loss of high-frequency response. 

The reader should remember that it 
is not necessary to use positive prints 
for TV film telecasting, since the TV 
camera employs a polarity reversal 
switch enabling the projector to use 
either positive or negative pictures (sec¬ 
tion 3.13). Positive prints are advan¬ 
tageous however, since the film techni¬ 
cians often project the film on a screen 
in the fiim control room for purposes of 
editing, etc. 

In video recording equipment, the en¬ 
gineer is faced with the same problem 
in reverse which occurs in adopting the 
24 frame per second film projection to 
the 30 frame per second TV system. In 
this case, he is faced with adapting the 
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Figure 3.14C. Adapting the TV recording camera standard frame rate of 24 per second to the standard 
TV frame rate of 30 per second. 

30 frame per second image appearing 
on the kinescope to the standard 24 ex¬ 
posed frames per second of the record¬ 
ing camera. It is convenient for the dis¬ 
cussion here to relate 5 television fields 
(5/60 sec. or 1/12 sec.) to two film pic¬ 
ture frames, since 1/12 second, or 2/24 
second is equal to two frames of motion 
picture standards. Therefore, if we omit 
one of every five scanning traces, we are 
left with four scanning traces, or two 
TV frames. This results in compatibility 
between the two systems. 

This is accomplished in practice by the 
sequence of operations illustrated in 
Fig. 3.14C. If we relate the standard film 
cycle to 360 degrees, the “tube cycle” 

may be seen to equal 288 degrees. This 
tube cycle is the lace and interlace pat¬ 
tern, or one complete TV frame. With 
the camera and kinescope tube synchro¬ 
nized, the film is exposed for 288 degrees 
or one tube cycle. During the first quar¬ 
ter of the next complete cycle, the film 
is pulled down to advance one frame. 
The camera shutter is closed during this 
time, and the pulldown time of the film 
is actually somewhat less than this, be¬ 
ing in the vicinity of 60 degrees. Expo¬ 
sure (shutter open) then takes place for 
another 288 degrees (1/30 sec.) during 
another TV picture frame. Pulldown of 
the film follows to complete the film 
cycle. The exposure time is very critical 
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F gure 3.14D. (1) Eastman Television Recording 
Camera. Courtesy Eastman Company. 

and must be within one-half line of a 
complete frame (525 lines) to avoid an 
effect known as “banding.” This is a re¬ 
production on the film of an alternately 
varying density region. The exposure 
time is controlled by either mechanical 
or electronic shutters, to be described. 

A popular type of TV recording cam¬ 
era using the mechanical type shutter 
is illustrated in Fig. 3.141) (1) and 3.14D 
(2). One synchronous motor is used to 
drive the entire film transport, and a 
smaller synchronous motor to drive the 
shutter. The two motor shafts are tied 
together by means of a coupling which 
permits adjustment of exact sync be¬ 
tween the two mechanisms. When once 
set, operation should remain synchro¬ 
nized. The film transport motor is shown 
in Fig. 3.14D(1). The smaller shutter 
motor is inside the camera housing. The 
film magazine is of double-chamber de¬ 
sign, holding 1200 feet of 16mm film (30 
minutes supply), and houses both the 
unexposed and exposed film. The film 
buckle switch (Fig. 3.14D(2) ) is in se¬ 
ries with the power supply to the mo¬ 
tors, and opens the circuit unless the 
actuating lever of the switch is held 

closed by the film running in a straight 
path. Thus if the film should buckle, or 
if a failure occurs in the film take-up 
system such as a broken film or the end 
of the film roll is reached, the motors are 
automatically shut off. The loss-of-loop 
lever causes an indicating light to burn 
if either the upper or lower loop is lost 
during operation. 

Complete set-up and operation of this 
equipment is described in Chapter 6 to 
acquaint the reader with the general 
functions of video recording cameras. 

Fig. 3.14E illustrates the RCA Kine-
photo equipment, which contains the 
kinescope and associated circuits, and 
the recording camera in one coordinated 
cabinet. This particular setup allows 
either mechanical or electronic shutter 
operation. When operated mechanically, 
the camera and shutter are driven by 
separate synchronous motors. The shut¬ 
ter drive is driven by a 3600 rpm syn¬ 
chronous motor driving the shutter at 
1440 rpm through a set of precision 
gears. The film transport and intermit¬ 
tent mechanism is driven by another 
motor in sync with the shutter motor. 

Figure 3.14D. (2) View of Eastman Television 
Recording Camera with film cover removed ana 

side door down. Courtesy Eastman Company. 

• 173 



Inside the TV Control Room 

Figure 3.14E. RCA Kinephoto Equipment. Courtesy RCA. 

The operator will find that all video re¬ 
cording systems use separate motor 
drives for the shutter and film transport, 
to prevent any possible inter- actions be¬ 
tween the two mechanisms. 

In the electronic control of exposure, 
the kinescope image is biased on and off 
by a special blanking signal. In this sys¬ 
tem, the mechanical shutter is replaced 
in function by the electronic exposure 
control circuit triggered by a contact 
on the camera which operates in proper 

phase relationship with the film trans¬ 
port. It is convenient to start with the 
sequence of operations just after the 
film has been pulled down and the frame 
placed in back of the lens ready for ex¬ 
posure. At this time, a mechanical con¬ 
tact closes, causing the electronic con¬ 
trol circuit to remove the cut-off bias 
from the kinescope permitting the image 
to appear on the screen. This produces 
exposure of the film frame. The control 
circuit, actuated by the horizontal drive 
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Figure 3.14F. Simplified block ciagrom of RCA Kinephoto Equipment. Courtesy RCA. 

pulses from the incoming video signal, 
counts to the end of the 525th line (one 
TV frame) at which time the kinescope 
bias is returned to cut-off, extinguishing 
the image, and ending the exposure of 
the film. The film transport mechanism 
then operates to pull the next frame in 
place for exposure and the process is 
repeated. 

A simplified block diagram of the 
RCA equipment is shown by Fig. 3.14F. 
The incoming video signal is supplied 
from a studio distribution amplifier via 
coaxial cable. The signal is first ampli¬ 
fied, then separated into: ( 1 ) signal for 
synchronizing the raster of the kine¬ 
scope with the TV pickup camera, and 
(2) modulating signal which is ampli¬ 
fied and modulates the kinescope beam 
in accordance with the video signal. The 
sync signals control the deflection am¬ 
plifiers for the kinescope. 

Shown in Fig. 3.14E is the kinescope 
mounting arrangement inside the shield. 

The tube is the RCA Transcriber Kine¬ 
scope type 5WP11 (described below), 
and is mounted on insulated supports. 
Also shown are the kinescope and de¬ 
flection yoke assemblies. The unit in 
front of the face of the tube at extreme 
right is a photronic cell connected with 
a meter on the control panel to indicate 
relative brightness of the tube’s output. 
The microammeter on the control panel 
also measures the kinescope beam cur¬ 
rent providing a clue to the brightness of 
picture due to the direct relationship be¬ 
tween beam current and light output. A 
video gain control is incorporated in 
the picture tube circuits. The kinescope 
bias control sets black level, or point of 
visual extinction of the return lines. 

The kinescope circuits in this equip¬ 
ment provide for eithei- positive or nega¬ 
tive images. Video recordings made from 
a positive image result in a film nega¬ 
tive which may be rebroadcast at once 
by reversal of the video phase in the 
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DATA FOR 5WP1 1 TRANSCRIBER KINESCOPE 

(Raster Size: 1y/i" x 3 %”) 

MAXIMUM RATINGS (Design-Center Values): 

Anode No. 2 Voltage. 27,000 MAX volts 
Anode No. 1 Voltage. 6,000 MAX volts 
Grid No. 2 Voltage. 350 MAX volts 
Grid No. 1 Voltage: 
Negative bias value.150 MAX volts 
Positive bias value. 0 volts 
Positive peak value. 2 MAX volts 

Peak Heater-Cathode Voltage: 
(Heater negative with respect to cathode): 

During equipment warm-up period not exceeding 15 
seconds.410 MAX volts 

After equipment warm-up period.125 MAX volts 
(Heater positive with respect to cathode).125 MAX volts 

TYPICAL OPERATION: 

Anode No. 2 Voltage*. 27,000 volts 
Anode No. 1 Voltage Range (for Anode No. 2 current of 
20 M croamps). 4,200 to 5,400 volts 

Grid No. 2 Voltage**. 200 volts 
Grid No. 1 Voltage (for visual cut-off).—42 to —98 volts 
Anode No. 2 Current. 20 microamp 
Anode No. 1 Current (Maximum). 25 microamp 
Grid No. 2 Current Range.—15 to 4“ 15 microamp 
Maximum Grid No. 1 Circuit Resistance.1.5 megohms 

* Brilliance and definition decrease with decreasing anode voltages. In general, anode 

No. 2 voltage should not be less than 15,000 volts. 

** Subject to variation of — 40% when grid No. 1 voltage cut-off is desired at the 
average cut-off value of —70 volts. 

Pin 1 : Heater 

Pin 2: Grid No. 1 

Pin 6: Anode No. 1 

Pin 7: Internal Connection 
(do not use) 

Pin 10: Grid No. 2 

Pin 11 : Cathode 

Pin 12: Heater 

Figure 3.14G. Courtesy RCA 
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film camera (section 3.13). The negative 
may then be used to produce ary num¬ 
ber of desired prints. A field of applica¬ 
tion which seems destined to grow with 
the years is theatre TV in direct cooper¬ 
ation with television broadcast stations. 
In this case, the polarity switch is 
thrown to produce a negative image on 
the kinescope, allowing photographing 
and processing of direct positives for 
immediate projection in the theatre. Ac¬ 
cording to the General Precisian Labo¬ 
ratories, special processing equipment 
is available allowing the taking of pic¬ 
tures from a TV monitor with projec¬ 
tion of the finished pictures on the 
screen in 40 seconds.* The subject war¬ 
rants the attention of all television op¬ 
erators. 
The picture tube used in the RCA 

Kinephoto equipment and in general ap¬ 
plications of video recording setups, is 
the type 5WP11 Transcriber Kinescope 
illustrated in Fig. 3.14G. This is a five 

inch flat-face picture tube especially de¬ 
signed for photographically transcrib¬ 
ing television broadcasts onto motion 
picture film. The fluorescent screen 
emits a highly actinic blue radiation, 
with persistence sufficiently short to 
prevent “carry over” from one frame to 
the next. 

Electrostatic focus and magnetic de¬ 
flection are utilized in the operation of 
this tube. Certain features are included 
to suppress corona, arc-over, or high-
voltage leakage. The design features in¬ 
clude an external conductive coating on 
the neck which, when grounded, prevents 
corona between the yoke and neck; a 
built-in capacitor between interior and 
exterior neck coatings to serve as a filter 
for the high-voltage power supply unit; 

*J. W. Sims: “The Two Types of The¬ 
atre Video”; Audio Engineering, Janu¬ 
ary ’52. 

Figure 3.15A. Master control position at WRGB. Courtesy Genero! Electric. 
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Figure 3.15B. Audio amplifier racks and patch panel in master control room at WRGB. Courtesy General 
Electric. 

and external insulating coating on the 
bulb cone to minimize sparking over the 
glass bulb under high humidity condi¬ 
tions; and a duodecal 7-pin base espe¬ 
cially designed for high-voltage service. 

The data associated with Fig. 3.14G 
shows the maximum ratings and typical 
operation ratings of the tube. Special 
set-up and handling instructions are in¬ 
cluded in Chapter G under Video Record¬ 
ing Techniques. 

3.15 The TV Master Control 

Larger television stations with more 
than two local studios must incorporate 

facilities to simply and successfully 
handle the sequence of programs origi¬ 
nating from many different sources. The 
master control position must efficiently 
coordinate studio shows, remote and net¬ 
work pickups, and films so that proper 
transmission of video and audio signals 
are maintained. The general lay-out of 
master control rooms varies to the ex¬ 
treme, but basically the functions may 
be listed as follows: 

Generation and distribution of sync 
and blanking signals; selection of pro¬ 
gram sources for feed to transmitter 
line, feed to network lines, audition feeds 
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to clients’ rooms, etc.; monitoring of on-
the-air pictures and waveforms; moni¬ 
toring of preview signals (such as pro¬ 
gram sources next to be used); stabiliza¬ 
tion and control of picture and sync sig¬ 
nals from local and remote program 
sources; pre-set selection of sources next 
to be used; and test monitoring of master 
control equipment for maintenance and 
trouble shooting. An important addi¬ 
tional facility in most master control 
points is the patching panel for re-rout¬ 
ing both video and audio signals in case 
of trouble. 
Pre-set switching mentioned earlier 

in the text (section 3.6) is most com¬ 
monly used at this point. The term pre¬ 
set designates a switching arrangement 
whereby any number of program sources 
or a single source may be switcned to a 
certain line or number of designated 
lines, simply by throwing one switch or 
operating one pushbutton. In practice, 
a main channel key is used which, when 
operated, will connect any source which 
is “pre-set” for that channel. 

Fig. 3.15A illustrates the master con¬ 
trol panel at WRGB television station. 
The center panel immediately in front 
of the operator is the Distribution Con¬ 
sole. This functions as the multi-pro¬ 
gram facility control for both v.deo and 
audio control of six studio channels and 
four remote or network channels. This 
particular console incorporates a lever 
operated mixer (section 3.6) and push¬ 
button switching facilities for switching, 
dissolving or fading between local stu¬ 
dios, film control or remote or network 
sources. Audio control is provided by 
switching between three relay controlled 
channels, each containing gain controls 
and push-button pre-set control. The 
audio system may be interlocked with the 
video switching system (section 3.6) or 
may be operated independently. The jack 
strips shown on this panel are provided 
to set up the three relay channels. 

Film projectors may also be started 
and stopped from this console. Such fa¬ 
cility is often included on the master 
control panel especially when the film 
control room is located at the master 
control point as is often the case. 

The microphone is in the talk-back 
system. This provides communication 
with control rooms, film room, or blanket 
coverage (all stations simultaneously) 
for cueing or other reasons. The operator 
is shown using the interphone, which 
provides two-way contact concerning 
operations at any point desired. 

The monitor units on either side of 
the distribution console provide for on-
the-air monitoring and previewing of 
any of several signal sources, such as 
studios, remote pickup signals, incom¬ 
ing network, or the puise generator out¬ 
put. Associated controls allow the moni¬ 
tor to operate either from local studio 
and camera signals (separate video and 
sync) or from network and remote pick¬ 
ups where video and sync are combined 
in the composite signal. In this way the 
monitor can sync on the local waveform 
and show incoming video for the pur¬ 
pose of phasing the local sync. This pro¬ 
vides smooth transition from local to 
network or remote signal. (Section 3.9.) 

A block diagram of a typical audio 
control system as used in TV stations 
is shown in the first section of this chap¬ 
ter. Operational functions such as mike 
keys and faders are located cn the audio 
control for the individual studios. Ampli¬ 
fiers are usually placed in equipment 
racks with patch-panel facilities as 
shown in Fig. 3.15B. This illustrates the 
amplifier racks for the audio channels in 
the master control room of WRGB. This 
operator is in contact by telephone with 
the audio director who controls recorded 
sound effects, background music and pro¬ 
gram audio. The final audio volume level 
is set at this point. Patch panels allow 
for emergency re-routing of the audio 
in case of failure in any channel. 
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CHAPTER 

The Television Studio 

The average radio engineer becomes 
familiar with Ohms Law early in his 
training period. This is in spite of the 
fact that he can measure voltage, cur¬ 
rent and resistance with electrical me¬ 
ters. Yet without Ohms Law, his facul¬ 
ties for understanding radio circuits 
would be sharply curtailed. 

In TV, the engineer is concerned not 
only with Ohms Law, but the nature of 
the medium for which television was 
created, namely, light. There are certain 
basic relationships in this medium which 
should be as well understood as Ohms 
Law, in spite of the fact that light¬ 
meters, video analyzers and various 
other instruments may be used to meas¬ 
ure these relationships. 

4.1 The Nature of Light 

There is an abundance of radiant en¬ 
ergy in free space; heat waves, gamma 
waves, cosmic waves, radio waves, light 
waves, etc. The difference between such 
energies lies primarily in their respec¬ 
tive frequency bands. 

Light waves concern a band of fre¬ 
quencies to which the human eye is a 
natural receiver, just as audio waves 
concern a band of frequencies to which 
the human ear is a natural receiver. 
Properties of light which concern the 
TV operator are reflections and scatter¬ 
ing of light rays, factors affecting con¬ 
trast and detail of a picture, the influ¬ 
ence of color in composition of a picture 
relative to equipment limitation, and the 
difference between brightness and in¬ 
tensity of illumination. 
In a monochrome picture (black and 

white rendition of scale), the more light 
that reaches the eye, the “whiter” is the 

image. When light rays strike a white 
surface almost three-fourths of the rays 
are reflected, although not in an orderly 
fashion. Infinitesimal points in the re¬ 
flecting surface borrows some of this 
energy and scatters the reflected light 
as if it were a tiny lamp. A dark reflect¬ 
ing surface reflects less light, into the 
eye and the image is “darker.” 
The phenomena of reflection is best 

exemplified by the use of a mirror. In 
this case, light falling on the mirrored 
surface is reflected at a calculable angle. 
“The angle of incidence equals the angle 
of reflection.” This means that if the 
original light rays strike the mirrored 
surface at 40 degrees, the reflected light 
will leave the surface at 40 degrees. 
Such surfaces are used in varying 
shapes as high efficiency reflectors to 
control lighting of the TV pickup area. 

The main point to remember, however, 
is that the eye “perceives” an image 
through the act of objects “scattering” 
the light which strikes their surface. 
Thus when a beam of light shines 
through a slit in a Venetian blind, unless 
there are dust particles in the air to 
scatter the rays of light, the eye does not 
“perceive” the beam of light except as 
a bright spot on the floor or wall. 

Certain qualities of light are called 
color. Again the difference lies in rela¬ 
tive wave lengths or frequencies of vis¬ 
ible light. Daylight, or “white” light 
such as unfiltered sunlight contain all 
the various frequencies of visible light. 
“Black” is simply a lack of Pght. A black 
substance absorbs many light rays and 
reflects few. A white substance absorbs 
few light rays and reflects many. Vari¬ 
ous colored objects absorb light rays of 
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other wavelengths than that particular 
color, while reflecting rays of wave¬ 
lengths equivalent to their own. A red 
glass, for example, makes everything 
appear red when looking through it. 
This is not because it turns other rays 
into the red wavelengths, but because it 
destroys or absorbs all other wave¬ 
lengths except those of the red spectrum. 
The TV operator and producer are 

confronted with problems in color 
whether the system is black and white 
or color. In color systems, various hues 
in close proximity affect the overall com¬ 
position. Exactly the same thing occurs 
in black and white transmission. The 
conversion of the varying colors into the 
corresponding gray scale determines 
the average brightness and “contrast” 
of a scene. 

Candle power is the unit of light in¬ 
tensity. One foot candle may be defined 
as the intensity of light on a one square 
foot white surface when illuminated by 
a “standard candle” at a distance of one 
foot from the surface. One foot candle 
is a comparatively small amount of in¬ 
tensity. The unit of quantity of ligh t is 
the lumen. The lumen describes the 
amount of light that falls upon each 
square foot of surface per second. The 
lumen may be related to the foot-candle 
as follows: one foot-candle is the inten¬ 
sity of illumination on one square foot 
when perpendicular rays of light flux 
totaling one lumen strike the surface. 
This occurs when the “standard candle” 
illuminates a one-foot square white sur¬ 
face, one foot away. 

Obviously a source of light radiates 
light flux outward from it both perpen¬ 
dicularly and horizontally, and is said to 
have spherical radiation. Thus it helps 
to relate amount of quantity of light flux 
(lumens) that are contained in a given 
sized sphere. 

One lumen is the amount of light flux 
contained within a “unit solid angle” 
emitted from a light source of one can¬ 
dle-power intensity. 

From geometry the unit solid angle is 
termed a “steradian,” and is the solid 
angle which encloses a square surface 
of a sphere. Straight lines drawn from 

the point of light source bound each one 
of the four equal sides of the unit solid 
angle, the angle between them being 
equal to one radian, or 57.3 degrees (ap¬ 
prox). The sides of the square are equal 
to the radius of the sphere from which 
each angle is made. From geometry, 
there are 2'77 radians in a circle. From 
the same relationship, there are 4'77 solid 
angles in a sphere, and 4t7 (4 X 3.14) is 
equal to 12.57. Therefore: 

The lumens of light flux emitted from 
a one candle-power intensity of light is 
equal to the number of solid angles in a 
sphere, which is 4^, or 12.57 lumens. 

Since light does radiate spherically, 
it spreads out as it progresses from the 
source. If it is necessary to ascertain the 
illumination present upon a given sur¬ 
face at a certain distance from a given 
candle-power of light source, it is cal¬ 
culated by taking into account this 
spreading of light waves called the in¬ 
verse square law. Fig. 4.1A illustrates 
this effect. Rays from the light source 
shining through a one square foot aper¬ 
ture at one foot from the source, will be 
spread out over 4 square feet at a dis¬ 
tance of two feet. Doubling the distance 
increases the area covered by the square 
of 2, or 4 times. Since the area covered 
is much greater, the intensity of illumi¬ 
nation per square foot is reduced as the 
square of the distance, as: 

Figure 4.1A. Since light rays are radiated spher¬ 
ically, it is natural that a greater area is covered 
at greater distances from the source of light. The 
area covered increases as the square of the 

distance. 
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cp 
I =-

d2
where I = illumination in foot-candles, 

cp = candle-power of source. 
d = distance of surface (in feet) 

from light. 
In practice, the above basic formula 

is modified. This is so because the above 
law assumes the light source to be nor¬ 
mal to the plane of the surface, whereas 
in practice, the illumination must be to 
one side or over the TV camera. 

Since this angle the light source 
makes with the surface must be ac¬ 
counted for, the cosine law is added: 

cp cos 0 
SI =-

d2
where: SI surface intensity of illumi¬ 

nation (foot-candle) 
cp = light source in candle¬ 

power. 
O angle of light source to 

surface. 
d = distance of surface (in 

feet) to light source. 
Example: Assume a test pattern is il¬ 

luminated by a light source of 1000 can¬ 
dle-power which is displaced 46 degrees 
from the plane of the test pattern card, 
and at a distance of 12 feet. 

(1000) (cos 45°) 
SI =-

12= 
(1000) (0.707) 

144 
= 5 foot-candles (approx.) 

This is the incident light reaching the 
test pattern, not the reflected light. 

There is a decided difference between 
the illumination of a scene and the 
brightness of a scene. It should be real¬ 
ized that, for example, the brightness of 
a white card upon which 100 candle¬ 
power of light is falling, is far greater 
than the brightness of a black card il¬ 
luminated with the same light source. 
Therefore it is necessary to consider the 
factors which affect brightness, which 
are: total light flux on surface, reflect¬ 
ing and diffusing properties of surface, 
affected by color. 

The unit of brightness is the lambert. 
The basic lambert = 77 candles per 
square centimeter. To convert from the 
less familiar metric system to the more 
familiar English system: 

One foot-lambert = 1/ir candles per 
square foot. 

Therefore: One candle per square foot 
= 3.14 foot-lamberts. 

The foot-lambert may also be defined 
as the brightness of a perfectly diffusing 
surface which emits one lumen of light 
flux per square foot of surface. 
The cosine law must also be taken into 

account for the brightness of a surface 
or portion of the surface. (Since bright¬ 
ness may vary from point to point of a 
given surface, as a test pattern.) 
The eosine law as expressed for 

brightness is: 
B = EI cos 9 

where B = brightness at a given dis¬ 
tance from the surface, for 
any angle 0. 

E = reflection coefficient of the 
surface point. 

I — illumination of the inci¬ 
dent rays. 

Incident rays are the light rays from 
the source of light. Reflected rays are 
the rays of light reflected from the sur¬ 
face which is illuminated by the inci¬ 
dent light. 

The TV engineer will encounter an¬ 
other factor in reading technical litera¬ 
ture pertaining to lighting; the degree 
Kelvin rating given to light sources such 
as single or banks of lighting fixtures. 
This is designated as K ", While the pre¬ 
cise derivation of the Kelvin degree 
scale is quite complicated, only the prac¬ 
tical content of its interpretation is con¬ 
sidered here, as applied to problems con¬ 
cerning TV studio lighting. 

The Kelvin scale concerns a factor 
known as “color' temperature.” It is 
based upon the concept of a blackbody, 
which is a body that absorbs all incident 
light rays and reflects none, therefore a 
theoretical concept only. If such a physi¬ 
cal entity is heated, it begins to emit vis¬ 
ible light rays, first dull red, then red, 
then through orange to “white heat.” 
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Figure 4.IB. Concept of Kelvin degree scale of color temperature. 

Many readers are probably familial’ 
with the heating of metals where this 
occurs. If the metal could be heated high 
enough without melting, a bluish-white 
radiation would occur. Thus the higher 
the degrees Kelvin, the nearer is the ap¬ 
proach to the sunlight spectrum. A low 
degree Kelvin rating is a light source 
with most of the visible radiation in the 
red spectrum. Most incandescent lamps 
such as ordinarily used in house lighting 
are comparatively low in K° rating. Fig. 
4.IB illustrates the concept of this scale. 
“Daylight” is given a rating of approxi¬ 
mately 6500° K. 

It should be noted that the Kelvin rat¬ 
ing has nothing to do directly with ac¬ 
tual radiated heat from a light source. 
For example, a low Kelvin rated lamp 
actually has most of its “light” emitted 
in the invisible infra-red region, which 
constitutes “heat” waves. When light 
from such a source is raised to a high 
enough intensity to brightly illuminate 
a TV studio, the heat is very noticeable 
to those under the radiation. Rather the 
Kelvin rating simply compares the ac¬ 
tual distribution of colors, as observed 
visually. The standard of comparison, 

then, is the visual emission from a black¬ 
body as it is heated to higher and higher 
temperatures. “Daylight” is considered 
cold light, yet has a comparatively high 
K° rating. Filament (incandescent) 
type lamps range from 3500 to 4500° K; 
certain arc-type lamps have a still high¬ 
er K rating, approaching daylight char¬ 
acteristics. The lower K rated incandes¬ 
cent lamps are sparingly used in TV 
studios to eliminate the high degree of 
heat radiation on the personnel. The op¬ 
erator’ will find quite a mixture of lamps 
in use in actual practice. 

4.2 Studio Lighting 

There are always a number of sub¬ 
divisions to any basic problem. The basic 
problem in television studio lighting is 
this: the light must help furnish the 
mood called for in the program script, 
as interpreted by the “eye” of the TV 
camera. The interpretation center of the 
camera is the image orthicon. Any 
schedule of lighting, installation plan¬ 
ning or actual use, always embraces the 
knowledge of how this will be inter¬ 
preted by the image orthicon. 
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Actual planning and installation of 
lighting facilities are beyond the scope 
of our field here. Indeed, the subject of 
planning, installation, wiring facilities, 
and light sources themselves could well 
constitute a complete book of its own. 
The item of most obvious importance is 
to have ample light for the dimensions 
of the studio, so that the camera lens 
may be stopped down to achieve good 
depth of field. Next is the color tempera¬ 
ture quality of the light sources used, to 
allow comfortable working tempera¬ 
tures for- the talent and engineers, and 
to adequately control any desired light¬ 
ing effect. 
The studio lights which must be 

placed overhead are usually suspended 
from a Hi inch iron pipe network 
known as the grid. The pipe cross-mem¬ 
bers are around 4 to 6 feet apart, with 
adequate clearance to the ceiling to al¬ 
low electrical raceways, conduits and 
sheaves for the wiring, and ventilation 
ducts. When the studio ceiling is high 
enough, catwalks are often included 
around and above the grid to facilitate 
light adjustment or the hanging of scen¬ 
ery by studio personnel. 

Most of the main key lighting (de¬ 
scribed later) is supplied at approxi¬ 
mately camera height, calling for floor¬ 
mounted fixtures, usually of the mobile 
type. Fig. 4.2A illustrates the more 
popular types of TV studio lighting 
fixtures. A control panel is often used 
for suspended type fixtures, consisting 
of headlocks and rope'.ocks to permit 
rotating, tilting and fixing of the asso¬ 
ciated overhead banks from a conveni¬ 
ent location on one side of the studio. 
Some of the more complex installations 
use electrical “dimmer” circuits either 
in the studio or control room. Effective 
dimming, however, may also be accom¬ 
plished by tilting, rotating or cutting 
off half-banks from a control panel. 

Combinations of different types of 
lighting sources are used primarily to 
achieve a color spectrum more nearly 
like the daylight range than may be 
done by any single type. It is recalled 
from Section 2.2 that some image orthi¬ 
cons have a range of response well into 

Figure 4.2A. 

the infra-red spectrum. Infra-red light 
has a property of penetration into the 
skin so that men, and some women, ap¬ 
pear to have a beard, even though none 
exists to the naked eye. When such 

INCIDENT LIGHT REQUIRED FOR TYPE 5820 

IMAGE ORTHICON 

lens Slop Incident Light in Ft-C 

f:1.9.2-4 
f:2.8.4-8 
f:3.5.6-12 
f:5.6.16-32 
f :8 I.32-64 
f:11 . most often used . . . 60-120 
f:16 ‘.120-240 

Table 4.28. 
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tubes as the type 5655 were used, 
“minus red” Alters, such as the Corning 
9788 were often used over the camera 
lens. This particular difficulty has been 
overcome by the development of the 
type 5820 and 5826; the 5820 being the 
most popular pickup tube in use at 
studios at the date of this writing. 

The amount of incident light normally 
required for modern studio operation 
seldom exceeds 300 foot-candles. The 
table of Fig. 4.2 B shows the RCA rec¬ 
ommendations of incident light required 
for the type 5820 image orthicon. As 

shown, f:8 to f:16 are the most nor¬ 
mally used lens stop openings, which 
give adequate depth of field for most 
studio pickups. This indicates a maxi¬ 
mum required light intensity of 240 
footcandles, although more is usually 
available for unusual conditions. The in¬ 
cident light tabulated here indicates the 
amount necessary at the scene of action, 
as measured with a light meter (color-
corrected) facing the camera lens and 
perpendicular to the lens axis. 

The “interpretation” of various kinds 
of lighting sources by the type 5820 

l.O 

0.8-

0.4-
0.2-
0 4000A 5000A 6000A 7 OOO A 

TYPE 5820 
#6 WRATTEN (3) Average transmission effect¬ 

iveness of 5820 for various light 
sources when a #6 Wratten Filter 
is used over the camera lens. It 
may be noted that the use of this 
filter with incandescent lighting 
results in a response curve close 
to that of the human eye. 

INCANDESCENT (2 800° K) 

FLUORESCENT^ (3500° K) 

0.6- FLUORESCENT (4 500°K) 

<-WAV EL E NG TH--ANGSTROM UNITS-> 
Figure 4.2C. The curves of (2) and (3) are derived by multiplying the relative energy of the light 

source by the relative energy of the type 5820 image orthicon. 
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image orthicon may be seen by observ¬ 
ing Fig. 4.2C. In (1) may be seen rela¬ 
tive energy of solar radiation and the 
popular incandescent lamp, as compared 
to the response of the average human 
eye. (This may be called the “interpre¬ 
tation” by the human eye and forms the 
basis of our comparisons.) In (2) is 
shown the image orthicon interpretation 
of the incandescent lamp, as well as two 
types of cooler fluorescent lamps, when 
used without filters over the lens. In 
(3) is the image orthicon interpreta¬ 
tion when a No. 6 Wratten filter is used 
over the lens system. These curves are 
obtained by finding the product of the 
image orthicon and light source sensi¬ 
tivities. The spectral response curves 
of pickup tubes are given in section 2.2. 
It is noted that all tubes have an ex¬ 
tended response into the ultra-violet 
region, which sometimes results in un¬ 
natural rendition of skin tones as does 
infra-red radiation. At the time of this 
writing, the most satisfactory method 
of handling this problem is in the use 
of a “minus blue-violet” filter such as 
the No. 6 Wratten. It is noted from Fig. 
4.2C (3) that using this filter with in¬ 
candescent lighting results in a re¬ 
sponse very similar to that of the hu¬ 
mar eye, providing a more predictable 
scale with which to work in studio light¬ 
ing from visual observation. This also 
allows “mixing” of fluorescent with in¬ 
candescent since the Wratten No. 6 at-
tentuates the response in the violet 
region. 

While studio lighting technique is still 
undergoing an accelerated development 
stage, it is presently possible to divide 
the requirements into five divisions. 
There is yet some discrepancy in termi¬ 
nology; some engineers classing general 
lighting and key lighting in the same 
category, others separating the two into 
precise classifications. For the purpose 
of completeness, we will consider these 
two items as separate in function, re¬ 
sulting in the five types as follows: (1) 
Base or General Lighting; (2) Key 
Lighting; (3) Fill Lighting; (4) Model¬ 
ing or Accent Lighting; and (5) Effects 
Lighting. 

Base or General Lighting, when con¬ 
sidered as a separate function from 
key lighting, designates a low intensity 
of wide and uniform pattern, used 
simply to supply a workable amount of 
light without greatly considering the 
TV camera. Such light is used to gen¬ 
erally illuminate the studio working 
area to arrange preliminary setups of 
scenery, moving of props and equip¬ 
ment into place, etc. Being of a general 
nature, floodlights are used which may 
be either incandescent or fluorescent 
types. When such lighting is of suffi¬ 
cient intensity to affect the image orthi¬ 
con interpretation to any great degree, 
it is classed with the following Key 
Lighting. Base lighting when considered 
separately usually originates overhead. 

Key lighting is the principle illumina¬ 
tion which determines camera lens stop 
opening; this is to say the “key” to the 
visual appearance of the scene. Key 
lighting should, ideally, provide good 
scenic illumination from any possible 
camera angle during the program. Such 
lighting therefore is usually placed at 
the front of the pickup area at average 
camera level. This requires floor stands 
for Key lighting, and are generally of 
the “dolly” type to provide easy mo¬ 
bility. See Fig. 4.2A(3). The technique 
of key lighting varies considerably be¬ 
tween stations. Some fighting engineers 
will not mix “hot” and “cold” light 
sources to provide key illumination. 
Other stations mix these types of light 
sources with apparently little difficulty. 
The fact is that no hard and fast rule 
can be applied here, since the color com 
bi nations of the scenery and stage props 
as well as clothing and costumes affect 
the overall interpretation considerably. 
To add to the problem, the camera oper¬ 
ator will find too often that programs 
are preceded with inadequate rehearsal 
time, taxing his ingenuity to the utmost 
in preventing “blooming” on the high¬ 
lights and washed out grays in im¬ 
portant scenic portions. We hope that 
the operational portion of this text will 
prepare the operator psychologically for 
his duties under practical conditions. 
The importance of such preparation is 
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Figure 4.2D. (1). Side of face in shadow. 
(2). U e of fill light to elimina-e face shadow. 

secondary only to familiarity with his 
equipment. 

Fiil lighting is added illumination of 
portions of the scene or subject to regis¬ 
ter more detail in the shadow areas. 
Fig. 4.2D illustrates the effect of Fill 
lighting. This type of illumination calls 
for a diffused source, and with key light¬ 
ing at camera level, fill lighting is 
usually placed overhead. Floodlights 
equipped with diffusers and beam ad¬ 
justers to result in a narrow beam in¬ 
stead of a flood spill are often used, or 
Fresnel lens spotlights with diffusers. 
This lighting “fills-in” in area where 
the key lighting, being at camera level, 
cannot adequately illuminate. 

Modeling or Accent light.ng may be 
divided into any number of subdivisions 
depending upon how thorough the engi¬ 
neer cares to explain it. Basically such 
lighting may be used to create artistic 
effects, or to enhance the appearance of 
the scene or subject. Backlighting is a 
fundamental type of Accent or Model¬ 

ing lighting. Backlighting is used to 
provide pictorial “separation” between 
an object or a subject and its back¬ 
ground. Observe Fig. 4.2E. Note how 
backlighting sets the subject out from 
the background. The most popular 
equipment used here is the Fresnel lens 
spotlight, equipped with a device known 
as “barn door,” which controls the 
shape of the beam pattern commonly 
referred to as the “spill light.” Back¬ 
lighting sources are usually placed at 
from 90 to 135 degrees angle with the 
camera orientation. Accent lighting may 
actually include any combination of the 
basic types of lighting to achieve an 
accent or modeling effect. 
Effects Lighting embraces quite a 

wide range of light sources, special ac¬ 
cessories and application techniques. 
Firelight, window light, cloud effects, 
“lightning” and a simulated moon are 
basic examples of effects possible with 
lighting sources. Such lighting may also 
include backscreen projection as de¬ 

Figure 4.2E. (1). Subject without back lighting. 
(2). Same subject with back lighting. 
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scribed in the previous chapter. Spot¬ 
light type lights may use projection 
lamps ranging from 75 watts behind a 
3" Fresnel lens, to 5000 watts behind a 
16" Fresnel lens. An external adjust¬ 
ment handle or knob is usually included 
which permits a spill adjustment varia¬ 
tion of 5 to 50 degrees. A frame on the 
front of the spotlight allows the use of 
any variety and shape of mask, for 
transmission of any type of light beam 
desired. Special motor-driven effects 
discs are sometimes used in front of a 
spotlight lens for special effects Thus, 
for example, shadows of a roaring fire 
may be thrown across a room, seem¬ 
ingly originating outside a window. 

Incandescent lamps are often housed 
in what is known as a “strip light.” This 
is a long narrow trough-like fixture 
using either flood or spotlights. Three 
foot strip lights contain 6 outlets, and 
8-foot strip lights contain 15 outlets, 
usually wired to three circuits to allow 

dousing of any desired portions of the 
lamps. Such lights provide a low-
intensity shadowless illumination on the 
scenic area, background or walls. They 
are suspended overhead. Roundels 
(spread lens) and diffusers are often 
used on strip lights. 

Fluorescent floodlights such as those 
illustrated in Fig. 4.2A(3) and 4.2A(5) 
use aluminum housings from 44 to 65 
inches long, 314 to 5 inches deep, and 
16 to 44 inches wide. The 60 degree 
specular parabolic reflectors are de¬ 
signed for either 4 or 6 Slimline fluores¬ 
cent lamps. Large overhead fixtures for 
fluorescents usually have their associ¬ 
ated ballasts located remotely from the 
fixture itself to avoid any possible trans¬ 
mission of audible hum. 
New TV studio lights have recently 

been developed using a cold cathode 
gas-discharge lamp, balanced to match 
the 5820 and 5826 image orthicon tubes 
in spectral-response characteristics. One 
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unit is said to require only 800 watts of 
power and only one square foot of floor 
space. One unit provides 100 footcandles 
of illumination at 5 feet from the lamp, 
with practically no heat radiation. Thus 
four such units at 10 feet would pro¬ 
vide 100 footcandles (inverse square 
law, section 4.1) which is sufficient for 
the 5820 tube when stopped down to 
fill. 

43 Remember the Sound 

The discussion of video in this com¬ 
paratively new medium of television is 
so intense for the average radioman 
that the all important “other 50% ” of 
the telecast is apt to be neglected. This 
is an unfortunate condition since the 
greatest opportunities for improvement 
of equipment and operational tech¬ 
niques actually exist in the TV sound 
department. Long before the television 
market has reached the saturation level 
of some 2000 stations across the coun¬ 
try, personnel concerned with TV sound 
transmission should have achieved a 
realistic “dimensional” audio. 

When pictures accompany sound, the 
sound must depict to the ear a satis¬ 
factory relationship with what the eye 
perceives. Although the operator has 
only a monaural system for sound trans¬ 

mission, he must use every technique 
available to achieve effects of dimen¬ 
sions that are compatible to the mon¬ 
aural channel. Operational techniques 
are described in Chapter 6. It is impera¬ 
tive at this time to become acquainted 
with problems in acoustics as they exist 
in the studio, and equipment used for 
the sound pickup. 
The acoustical requirements of a 

studio suitable for television shows 
differs radically from those of strictly 
aural studios. The primary reason for 
this difference is the much greater dis¬ 
tance of mike operation from the sound 
source that may be necessary in the TV 
studio, and the inevitable noise that ac¬ 
companies movement of actors, singers, 
camera and sound operators, and stage 
hands. The acoustical treatment in 
modern AM-FM studios designed for 
good musical transmission is such as to 
achieve sufficient reverberation of musi¬ 
cal sounds with properties of diffusion 
to prevent boominess. Singers and an¬ 
nouncers may then work relatively close 
to a microphone for clear-cut definition 
without undue influence on articulation 
by the acoustical liveness. Such studio 
design is incompatible for the great 
majority of television shows, since “ac¬ 
tion” is considered a must for good 

Figure 4.3B. Microphone boom and perambulator for television studios. Courtesy RCA. 
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video productions. This action necessi¬ 
tates movement not only of personnel, 
but often of stage props as well to 
vary the settings. 

The basic characteristic, then, of the 
TV studio, is the return to the older 
style radio studio overtreated with 
sound absorption panels. The average 
television studio is of much greater 
dimensions than the average radio 
studio, and undue reflections from the 
walls result in a confusion of unwanted 
sounds. On shows where a pickup of 
orchestras or musical groups is in¬ 
cluded, portable hard “flats” are often 
used to the rear and sides of the musi¬ 
cal area. Without some means of pro¬ 
viding proper reflection of the musical 
tones, a muffled and “lifeless” quality 
prevails. Some stations have fed the 
musical microphone into an artificial 
reverberation channel such as a con¬ 
tinuous magnetic tape loop, where any 
desired degree of liveness may be simu¬ 
lated for normal or unusual musical 
effects. This practice may well increase 
in popularity in the very near future. 

Television productions usually call for 
both fixed type and mobile or “boom” 
operated microphones. On musical shows 
featuring a vocalist, a mike mounted 
on the usual floor stand may be used 
since the audience is familiar with this 
type of pickup on the stage. Often, how¬ 
ever, the vocalist “takes off” while sing¬ 
ing to roam around the pickup area, 
adding variety to the video content of 
the program. This calls for the boom 
operated mike which may be mobile or 
stationary, depending upon the scope 
of the required movement. This mike 

follows the performer, and is not al¬ 
lowed to enter the picture area as seen 
by the cameras and the viewer. Fig. 
4.3A is a view of a performance using 
both types of microphone mountings. 

A mobile type microphone boom is il¬ 
lustrated in Fig. 4.3B. The mobile 
mounting is termed a Perambulator, 
which enables the operator to quickly 
and quietly locate the mike for proper 
relationship with the sound source. The 
rear steering wheel swivels through 180 
degrees and may be clamped to hold a 
fixed radius. A toggle brake on this 
steering wheel may be operated by 
pushing the tiller back. Operation of the 
hand wheel adjusts the elevating col¬ 
umn so that the column may be raised 
from about 6% feet to 9% feet. The 
operation platform on which the mike 
operator stands raises with the boom. 
Further elevation, and the horizontal 
traversal of the boom is controlled by 
the hand rail. Extension and retraction 
of the boom is operated by the hand 
crank. The particular boom illustrated 
may be extended to 17 feet and re¬ 
tracted to 7 feet, 4 inches. The move¬ 
ment of the telescoping member is 
counterbalanced by weights adjustable 
to properly balance different micro¬ 
phones. 

The unidirectional mike is most often 
used on a mike boom, so that the pickup 
may be concentrated upon the sound 
source. Movement of the microphone 
itself (rather than the entire boom) 
through an arc about its pivot is termed 
“gunning the mike.” The microphone is 
moved in this respect through 280 de¬ 
grees by means of the gunning device. 
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CHAPTER 

Fundamentals of 
TV Transmission Systems 

This chapter considers the ways and 
means of getting the television signal 
from point to point. The television net¬ 
work, which is interconnected by the 
American Telephone and Telegraph 
Company is one important example of 
TV transmission facilities. The basics 
of Studio-to-Transmitter Links (STL), 
remote pickup relays, and main trans¬ 
mitter and antenna systems are techni¬ 
cally introduced here. 

5.1 Television fretwork Facilities 

At the time of this writing there are 
four major TV networks requiring na¬ 
tionwide transmission facilities: ABC, 
CBS, Du Mont, and NBC. As in regular 
aural radio, it is the job of the telephone 
company to provide equipment, men and 
methods to fit any desired pattern of any 
given telecast. Many transmission chan¬ 
nels are called for, so arranged as to pro¬ 
vide maximum flexibility of application. 
This equipment is provided in the Long 
Lines Division of the telephone company 
in each city where broadcast service is 
furnished to stations. For the TV net¬ 
works, these offices are known as Tele¬ 
vision Operating Centers. Centers vary 
considerably in size and complexity, de¬ 
pending upon the amount of activity to 
be accommodated. The TV Operating 
Center in New York is the general con¬ 
trol office for the entire television net¬ 
work service. (See illustration, Section 
1.12.) 

Technicians at these operating cen¬ 
ters perform three key functions: (1) 

make the switches necessary to route TV 
programs along the required network 
channels; (2) check the quality of the 
picture and sound on suitable monitor¬ 
ing equipment, and (3) test and main¬ 
tain the transmission performance of 
the network channels. 

Switching schedules are made up as 
far in advance as possible from informa¬ 
tion received from the stations being 
served. This is known as the daily oper¬ 
ations orders. In some cases these are 
transmitted via teletype directly from 
the station to the control center. From 
that point they may be retransmitted 
to the various operating centers about 
the networks, since overall switching 
may involve several different operation 
centers. Direct telephone order- circuits 
are also used where a “last minute” 
change may be made anywhere across 
the country in the daily operations 
schedule. 

It should be pointed out at this time 
that the audio portion of TV programs 
are seldom transmitted in the same net¬ 
work channel as the video portion. In 
practice, a TV broadcaster located di¬ 
rectly on a video facility route may ac¬ 
tually receive the audio service from 
another city. This is so, because the 
AT&T has found it both impractical and 
uneconomical to always provide a fixed 
route for any particular service. This 
use of separate routings for video and 
audio emphasizes another problem, the 
difference in transmission speeds of sig¬ 
nals in different media. Video signals, 
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Figure 5.1 A. Television coaxial-cable repeater as used on trans-continentaL network facilities. 
Courtesy A. T. & T. 

whether via coaxial cable or radio relay, 
have propagation speeds closely ap¬ 
proaching that of light. On the other 
hand, audio channel transmission speed 
is relatively slow when the usual loaded 
cable facilities are used. Although this 
is entirely practical for ordinary stand¬ 
ard broadcast service, it is not tolerable 
for TV service since the sound portion 
would lag behind the video signal. 
Therefore, carrier-current systems are 
used to carry the sound portion of tele¬ 

vision programs. As a result, the audio 
signal is propagated along the wires at 
the same speed as the picture signals. 

As discussed in Section 1.12, either 
coaxial cable or radio relays, or both, 
are used in network operations. In either 
case, the signal must be amplified at 
regular intervals along the route due to 
attenuation. This amplification takes 
place in what is known as a Repeater. 
Fig. S.1A illustrates a repeater of the 
type used for coaxial cable routes. These 
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units accept the attenuated signal from 
the cable shown entering the bottom of 
the cabinet, and steps up the magnitude 
sufficiently to carry to the next termi¬ 
nal point. These units receive their AC 
power through pairs inside the cables 
themselves, and provide automatic 
switchover to a spare amplifier in case 
of trouble along one channel. It also 
sends an alarm back along the cable to 
indicate any trouble when it occurs. 

Fig. 5. IB is a photo of a radio relay 
link consisting of radio-frequency trans¬ 
mitter and receiver circuits. Radio relay 
for AT&T network operation takes place 
in the radio spectrum from 3730 mega¬ 
cycles to 4170 me. This provides 12 chan¬ 
nels 40 me apart. The exact channel as¬ 
signments are shown in the table of Fig. 
5.1C. Fig. 5.11) illustrates a typical RF 
relay route, and how the frequency as¬ 
signments and station orientation is 

Figure 5.IB. Checking amplifiers at the New York terminal of the Bell System's New York-Chicago 
radio relay link. Courtesy A. T. & T. 
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BELL SYSTEM RADIO-RELAY TRANSMISSION 

FREQUENCIES 

fl. 3730 MC 
f2 . 3770 MC 
f3.3810 MC 
f4 . 3850 MC 
f5 . 3890 MC 
fó. 3930 MC 
f7.3970 MC 
f8.4010 MC 
f9.4050 MC 
flO .4090 MC 
fil.4130 MC 
fl2.4170 MC 

Table 5.1C. 

made to eliminate any possible interfer¬ 
ence between sections of the route using 
the same frequencies. 

5.2 Basic Theory of 
Microwave Propagation 

TV transmission systems used for re¬ 
lay purposes of any kind work from 
about 2000 megacycles on up. Techni¬ 
cians concerned with such equipment 
must be familiar with the fundamental 
theory of electrons “bouncing” back and 
forth at these extreme rates. 
In this region, as in the VHF and 

UHF television assignments, line-of-
sight propagation must be taken for 

granted. The most outstanding differ¬ 
ence in the microwave region is the large 
effect which even a small object exerts 
upon the waves due to their extremely 
short wavelength. Thus these waves are 
very efficiently “bounced” at an angle 
from a comparatively small reflector, 
thus effecting a “powerless relay” for 
“bending” a signal around an obstacle 
in the direct path to the receiver. 

The basic formula for calculating the 
field strength of a TV signal for any 
line-of-sight path is as follows (an ap¬ 
proximate relationship) : 

3.2ah V ¥ 
E =--

d=X 
where : 

E = field strength, microvolts 
per meter 

a & h = heights, in feet, of the re¬ 
ceiving and transmitting 
antennas respectively 

W = power of the transmitter in 
watts (effective radiated) 

<1 = distance from transmitter 
antenna and receiver an¬ 
tenna in miles. 

X = wavelength of the trans¬ 
mitted wave in meters. 

Figure 5.1 D. The upper diagram represents a section of radio relay route, showing stations located 
to permit line-of-sight transmission. The lines between towers indicate direct radio paths, the span 
length being determined by considerations of attenuation, noise, and fading. Below is a correspond¬ 
ing map of the soute, showing the two directions of transmission on separate beams. The route is 

zigzagged to avoid possible interference between sections using the same frequencies. 
Courtesy A. T. 8. T. 
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Lets break this approximate relation¬ 
ship down and see what information 
may be obtained as to the interpretation 
of the factors involved. For one thing, 
since a, h, and W are in the numerator, 
it is apparent that the received field 
strength increases in direct ratio to the 
transmitter and receiver antenna 
heights, and the square root of the effec¬ 
tive radiated power in watts. Con¬ 
versely, the field strength is inversely 
proportional to the wavelength, and the 
square of the distance between the two 
antennas. Keeping in mind the relation¬ 
ship between wavelength and frequency 
(the shorter wavelength, the higher the 
frequency), it may be observed that the 
field strength at a given distance in¬ 
creases directly with the frequency. 

Therefore it is rightly inferred that 
the higher the frequency of operation, 
the greater is the received field strength 
at any given line-of-sight point. Look¬ 
ing at it from a practical standpoint, 
however, it must be realized that the 
higher the frequency, the less the effi¬ 
ciency of the receiver circuits which 
must amplify the signal. 

According to the opinion of engineers 
experimenting with UHF television sig¬ 
nal propagation, the following charac¬ 
teristics are noted: 
1. When hills or buildings are to be con¬ 

sidered, the “shadows” are much 
deeper for UHF than VHF. 

2. Due to the effects of comparatively 
small objects on signal deflection, 
the problem of ghosts in signal re¬ 
ception is emphasized. 

3. UHF propagation varies with sea¬ 
sons more than is apparent at VHF. 
Some of this varience is due to trees, 
brush, etc. 

4. A simple half-wave dipole picks up 
20 db less signal at 600 me than at 
60 me simply because it is l/10th the 
size. Due to dimensions, however, 
high gain can be achieved on UHF 
by stacking of elements. 

5. At the time of this writing, there is 
from 8 to 20 db greater internal set 
noise in UHF receivers over VHF 
receivers. This condition will im¬ 
prove with advancements in design. 

6. There is less interference from man¬ 
made noise on UHF than VHF. 

Figure 5.2A. Transmitter equipment for microwave relay system. Courtesy General Electric. 
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In television relay practice, the signal 
wave is concentrated into a narrow 
beam to allow exact control in “aiming” 
the signal toward the receiver, and to ob¬ 
tain a high power gain. TV relay trans¬ 
mitter and receiver antennas take the 
form of a radiating element surrounded 
by a reflector in the shape of a parabola. 
(Details of commercial equipment are 
given in Chapter 9.) Fig. 5.2A shows a 
transmitting antenna of this type as 
used in the General Electric Microwave 
Relay Equipment. 

The greater the area of such a para¬ 
bola in ratio to the wavelength, the 
greater the gain. The basic power gain 
formula for a system using a parabolic 
reflector is expressed: 

4wa 
Power Gain =-

Xs

where (a) is the effective area of the 
parabola. Since it is easier to ascertain 
the projected area of a parabolic reflec¬ 
tor, and since the projected area is ap¬ 
proximately 0.65 times the effective 
area, we may express an approximate 
relationship: 

4^A 
Power Gain —-X 0.65 

X2

where (A) is the projected area of the 
reflector. This results in only a very 
slight error so long as the wavelength 
is small compared to the diameter of the 
parabola, as is the case in practice. 
Thus, for example, the RCA microwave 
antenna operating in the 6800-7050 
megacycle range obtains a power gain 
of 5000 with a 4 ft. reflector, and a 
power gain of 11,500 with a 6 ft. re¬ 
flector. 

The television operator will encounter 
the term “half-power beamwidth” in 
manufacturer’s literature concerning 
one characteristic of the parabolic an¬ 
tenna. For example, a certain 6 ft. 
“dish” may have a half-power beam¬ 
width of 5 degrees, or a 4 ft. dish may be 
rated at 8 degrees half-power beam¬ 
width. The beam width is defined in 
terms of the angle through which the 
dish must be rotated in order to reduce 
the power available at the receiver ter¬ 
minals to lé the maximum value. Thus 

if the dish is orientated at dead center 
of the incoming beam giving maximum 
power, and is then rotated in one direc¬ 
tion until the power is % maximum 
value, twice this angle (to get the total 
angle both sides of maximum) is the 
half-power beamwidth. 

A 4 ft. reflector in the RCA system in 
the 7000 me beam has a half-power 
beamwidth of approximately 3 degrees. 
In the General Electric system which 
operates in the 2000 me band, a 4 ft. 
dish has a half-power beamwidth of 
about 8 degrees. A 6 ft. dish in the 2000 
me band results in a half-power beam¬ 
width of around 5 degrees. Thus it is 
observed that the higher the power gain, 
the narrower the beam, calling for care¬ 
ful orientation when the equipment is 
set up. 

Quite often, the operator in the field 
department of the TV station is called 
upon to give an opinion as to the practi¬ 
cality of relaying a signal from some 
given remote point direct to the pickup 
receiver at either studio or transmitter 
location. As discussed in section 1.14, 
the distance to the horizon is based upon 
the fundamental formula: 

D = 1.23 VÎT 
where D = distance to horizon in miles, 
and H = height of transmitter antenna 
in feet. Thus if the antenna may be 
placed 100 feet high, the theoretical dis¬ 
tance to the horizon (line-of-sight) is 
12.3 miles. However, if it is possible to 
raise the receiver’ antenna to 100 feet, 
then from the equation: 

D = 1.23 ( VHr + VH? 
where Hr = height of transmitter an¬ 
tenna and Hr = height of receiver an¬ 
tenna, the effective line-of-sight path be¬ 
comes 24.6 miles. 

Since the preceding basic formulas 
assume a flat surface, modifications for 
practical application consider the curva¬ 
ture of the earth and the profile eleva¬ 
tions along the projected route of signal 
propagation. Maps are available show¬ 
ing elevation contours (height above 
sea-level) at as little as 10 foot eleva¬ 
tion intervals. (From local Geodetic 
Survey Offices.) Therefore, unless the 
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Figure 5.2B. Correction for earth curvature in estimating line-of-signt paths. 

proposed pickup point allows distinct 
line-of-sight service as observed with 
the eye, the engineer cannot give a defi¬ 
nite opinion until these additional fac¬ 
tors are considered. 

Fig. 5.2B illustrates the basic infor¬ 
mation to be analyzed. The height above 
sea level for the transmitter antenna is 
first ascertained from the map, or from 
a sensitive type altimeter as used in 
modern airplanes. For distances of over 
19 miles, and where the receiver antenna 
cannot be seen by the eye or through 
fieldglasses, this he ght must be cor¬ 
rected for the curvature of the earth. 
This correction (e in feet shown in Fig. 
5.2B) may be closely approximated by 
the following relationship: 

( D ) 2 (D-d) 2
e =-

(1.23) (1.23) 
where e is the elevation correction in 
feet, D is lá the distance between termi¬ 
nal points, and d is the distance in miles 
from the terminal to the point on the 
propagation path being calculated. 

Assume, as shown in Fig. 5.2B that 
the pickup point is 30 miles from the 
proposed receiving point. Assume also 
it is desirable to find the correction for 
curvature of the earth at 10 miles from 
the transmitter. Using the above for¬ 
mula : 

( 15 ) 2 (15-10) 2
e =--= 

(1.23) ( 1.23 ) 
182.9 — 20.3 = 162.6 ft. (Approx.) 

Therefore, if the map elevation shown 
at that point is (for example) 500 feet, 
these two values added together give ap 
proximately 662.6 feet total elevation. 
(In relation to the transmitter anten 
na.) If this point on the map is in the 
area of a large city, the height of the 
tallest obstructions must be added to this 
total elevation. In this manner, the nec¬ 
essary height of the transmitter antenna 
may be estimated. It then remains as to 
whether this height may be available at 
the proposed pickup. In practice, the 
line-of-sight path should be close to 100 
feet over the highest estimated obstacle 
in the beam to the receiver. 

In the above example, if the trans¬ 
mitter point were 600 feet above sea 
level, and the receiver antenna was 600 
feet above sea level, the transmitter an¬ 
tenna would necessarily be placed upon 
a building or structure 150 feet above 
ground, to obtain the required 750 foot 
elevation. This is indicated from graphi 
cal analysis as in the figure, and in prac¬ 
tice buildings, trees, etc., would add to 
the correction. This is detailed further 
in Chapter 9. 

It is quite often possible in practice 
to bypass direct obstructions in the path 
by “powerless relays” which simply 
means any suitable surface which will 
“bounce” the wave at the proper angle 
to reach the receiver antenna. When no 
such surface actually exists, engineers 
may erect a highly efficient sheet for 
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such purpose. Such methods are de¬ 
scribed in Chapter 9. 

At radio frequencies above approxi¬ 
mately 300 megacycles, special tech¬ 
niques must be applied in getting the 
RF energy from unit to unit, or ampli¬ 
fier to antenna. The entire UHF band, 
as well as the microwave region, uses 
specially designed connection devices for 
transferring the RF signals. Although 
it is not important that the TV operator 
understand all of the theory associated 
with transmission lines and “wave 
guides,” he should be familiar with the 
fundamentals so that the major ele¬ 
ments of mystery in such devices are 
removed. 

Ordinary transmission lines are prac¬ 
tically unusable on such frequencies due 
to the severe attenuation along the line. 
This occurs because of the high series 
inductance and low shunt capacitive re¬ 
actance between inner and outer con¬ 
ductors. Although this problem has been 
solved by the development of a special 
transmission line for transmitters 
through the UHF range (described later 
in this chapter), waveguides are used at 
the microwave frequencies of TV relay 
operation. 

A waveguide is a hollow metallic tube, 
usually rectangular in shape although it 
may be round or oval. Its purpose is to 
pass high radio frequencies within the 
boundaries of the tube with minimum of 
attenuation. The reader is aware that 
when radio waves are radiated into free 
space, an electromagnetic and electro¬ 
static field exists at the point of propa¬ 
gation, or antenna. When this energy is 
directed into an ordinary transmission 
line, the lower frequency energies are 
evenly distributed throughout the con¬ 
ductors as in free space. At UHF and 
microwave frequencies, however, most 
of the current is concentrated on the 
outer surface of the conductor (skin ef¬ 
fect) , and a high resistance is presented 
to the passage of this current through 
the line. In waveguides, the dimensions 
of the tube are such that the concentra¬ 
tion of energy takes place in the center, 
with very little electric field existing at 
the walls. 

Figure 5.2C. One electrostatic field along wave¬ 
guide (looking down on waveguide from top). 
The fields cancel along the walls and add through 
center of tube, eliminating “skin effect’’ at the 

high frequencies concerned in waveguides. 

This feature is emphasized by observ¬ 
ing Fig. 5.2C. This illustrates the elec¬ 
trostatic field along two wavepaths, and 
how the positive maxima and negative 
maxima meet at the walls, effectively 
cancelling at these points. The positive 
maximum and negative maximum meet 
at the center of the tube, adding to the 
field of force through the center. 

The engineer encounters terms such 
as TE and TM, with various subscripts 
such as TE„i and TM„i in literature con¬ 
cerning waveguides. TE stands for 
transverse electrostatic mode of opera¬ 
tion, and TM stands for transverse mag¬ 
netic mode of operation. It should be re¬ 
called that all radio energy contains both 
electrostatic and magnetic fields, which 
are at right angles to each other. When 
the electrostatic field is as shown in Fig. 
5.2D(1), that is, across the guide or 
transverse to the direction of propaga¬ 
tion, the TE mode is designated. When 
the magnetic field is transverse to the 
direction of propagation as in Fig. 5.2D 
(2), the TM mode is designated. The 
mode of operation is determined by the 
manner in which the rf energy is fed 
into the waveguide. It is noted that when 

PF PROBE OR 1/4 WAVE DIPOLE INPUT 

TM MODE 

Figure 5.2D. Illustrating how the method of intro¬ 
duction of the RF energy determines the mode 

of operation. 
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the rf is fed by a probe or % wave dipole 
in the manner shown in Fig. 5.2D(1), 
the TE mode results. When fed oy a loop 
in the manner shown in Fig. 5.2D(2), 
the TM mode results. Power is ex¬ 
tracted, depending upon the mode of op¬ 
eration, in the same way. 

The subscripts O and 1 designate the 
number of half-wave patterns of the 
electrostatic field along the (B) and 
(A) sides of the structure. The sub¬ 
script O refers to the short <B) side, 
and the subscript 1 refers to the long 
(A) side. The frequency at which di¬ 
mension (A) is % wavelength is termed 
the cutoff frequency, and therefore de¬ 
termines the lowest frequency chat may 
be propagated by the waveguide. Fre¬ 
quencies higher than this cutoff fre¬ 
quency are readily passed. However, if 
the frequency is very much higher, other 
modes of operation such as TE , or TMn 
occur. This simply means that more than 
one half-wave patterns occur across the 
tube. In practice, the operator will find 

that these higher modes of operation are 
not used in TV relays, and TEM or TM O1 

modes are predominate. The short (B) 
side is % the dimension of the (A) side. 
A waveguide used for the 2000 mega¬ 
cycle band is approximately 3" x 1%" 
and for the 7000 MC band approxi¬ 
mately 1" x %". 
A waveguide, just as any type of 

transmission line, may be used as a 
resonant circuit, or to present inductive 
oi- capacitive reactance. A line less than 
14 wavelength and shorted at the end 
looks inductive at that frequency, and 
capacitive if left open. Such practice is 
often followed in tuned transmitter 
stages in the UHF and microwave 
bands. Table 5.2E illustrates the charac¬ 
teristics of transmission lines as tuned 
circuits or reactive elements. 

Tuned circuits for microwaves, how¬ 
ever, generally take the form of cavity 
resonators, the frequency at which reso¬ 
nance occurs being dependent upon the 
size and shape of the cavity. In practice 

Table 5.2E. Transmission lines as tuned circuits or reaction elements. 
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these cavities are designed into the tube 
itself. A very predominate type of tube 
used for TV microwave transmitters 
and receivers is the reflex Klystron. In 
the RCA TV relay system, a Klystron 
frequency modulated with the video sig¬ 
nal constitutes the entire carrier por¬ 
tion of the transmitter. At the receiver, 
the Klystron is used as the local oscil¬ 
lator to obtain the intermediate fre¬ 
quency. General Electric microwave re¬ 
lay systems use essentially the same 
method. 

The reflex Klystron tube has a single 
resonant cavity, one pair of opposing 
walls constituting the frequency-deter¬ 
mining characteristic, the other pair of 
opposing walls affecting the “Q” and 
impedance of the resonant circuit. It is 
recalled that in conventional tubes with 
negative grids, the ideal operating char¬ 
acteristics are: constant velocity stream 
of electrons from cathode to plate, va¬ 
ried in intensity by a variance of the 
grid bias according to the signal voltage 
applied. At extremely high frequencies, 
however, such action becomes practi¬ 
cally impossible due to the transit time 
of the electrons from cathode to plate. 
This difficulty becomes increasingly evi¬ 
dent in the larger tubes for handling 
large power outputs. The electrons 
which traverse the grid during the 
negative swing of the signal voltage are 
slowed down, and those which traverse 
the grid region during the positive sig¬ 
nal swing are speeded up. Thus the elec¬ 
trons reach the plate at random speeds, 
decreasing the efficiency of the tube in 
accomplishing any amplification of the 
applied signal. The Klystron tube de¬ 
sign is such as to use the applied signal 
to do this very thing; i.e., the input sig¬ 
nal is used to control the velocity of a 
constant current beam, instead of at¬ 
tempting to vary the intensity of a con¬ 
stant velocity beam. Such a tube may be 
used either as an amplifier or oscillator. 
In Klystron oscillator tubes, a feedback 
loop is provided to start and sustain os¬ 
cillations. 

Fig. 5.2F illustrates the type of 2K26 
Reflex Klystron, as used in the RCA 
television microwave relay systems. The 

REFLECTOR 

Figure 5.2F. Courtesy RCA. 

cavity is designed for resonance in the 
G250 to 7060 megacycle range. Electrons 
bouncing back and forth in this cavity 
pass through several “grid-like” struc¬ 
tures into a “drift space,” which is ter¬ 
minated in the reflector electrode shown. 
The resonator is operated at approxi¬ 
mately 300 volts positive, and the reflec¬ 
tor’ electrode at around minus 100 volts. 
Thus the electrons are reflected back 
into the resonator, resulting in a “bunch¬ 
ing” effect of the electrons, sometimes 
referred to as “velocity modulation.” 
The resultant RF oscillations are ex¬ 
tracted by a probe in a % x 1% inch 
waveguide, fed to the coaxial output line 
(Fig. 5.2F) through a wide-band coaxial 
transducer coupling unit. This coupler 
efficiently couples the coax output line 
to the wave-guide. The socket through 
which this line passes is the same as an 
ordinary octal socket, with the No. 4 pin 
position drilled out a sufficient amount 
to accommodate the line and transducer 
coupling. The entire assembly is only 
3’.2 inches high. 

Although the reflex Klystron is de¬ 
signed for a particular band of opera¬ 
tion, both mechanical and electrical tun-
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ing within this range is available. The 
“tuning bow” shown in the illustration 
allows a slight change in the resonator¬ 
gap spacing. A flexible diaphragm in the 
form of a flat disc constitutes one wall 
of the resonator just below the reflector 
cap. Thus a rotation of the frequency 
adjustment screw clockwise or counter¬ 
clockwise changes the effective dimen¬ 
sions of the cavity resonator with result¬ 
ant change in frequency. Electronic tun¬ 
ing over a vernier range is obtained by 
adjustment of electrode voltages. De¬ 
tails of operation of the reflex Klystron 
are given in Chapter 9. 

The 2K26 Reflex Klystron has a use¬ 
ful power output of 100 milliwatts in 
the 7090 megacycle range. As brought 
cut previously, the use of a 4 ft. reflector 
results in a power gain at these frequen¬ 
cies of 5000, giving an effective radiated 
power in this case of 5000 X 0.1 or 500 
watts. Use of a 6 ft. reflector (power-
gain 11,500) gives 1150 watts of effec¬ 
tive radiated power. 

Reflex Klystrons for operation in the 
lower frequency microwave bands (2000 
me) may be of larger construction hence 
of greater power-handling capabilities. 
For example, the GE telelink system op¬ 
erating in the 1990-2110 me band uses 
the type SRL-7C Reflex Klystron with 
an RF power output between 5 and 10 
watts. This power is stepped up in a 0 
ft. antenna dish to an effective radiated 
power approaching 10,000 watts; the 
gain being close to 1000 in the 2000 me 
band. 

Still higher power outputs may be ob¬ 
tained by the use of magnetron oscilla¬ 
tors. The Raytheon Model RTR-1A relay 
equipment uses a QK-174A internal cav¬ 
ity magnetron oscillator- giving an RF 
power output of 50 watts. 

Regardless of band of operation or 
type of oscillator circuit used, micro¬ 
wave relays differ from ordinary TV 
transmitters in that the video signal is 
frequency modulated instead of ampli¬ 
tude modulated. In the Raytheon system 
just mentioned, 100% modulation is re¬ 
ferred to a 7.5 me frequency swing 
(±3.75 me). Irr the GE system, a 10 me 
total swing (±5 me) constitutes 100% 

modulation while the RCA system re¬ 
lates this value to ±10 me, for a total 
frequency swing of 20 me. 

The above types of relay systems are 
often used as STL (studio-to-transmit-
ter links) for the video signal. For the 
sound portion of STL transmission, a 
number- of channels 0.5 me wide in the 
890.5 me to 910.5 me are provided. 

5.3 Principles of TV Transmitters 
All commercial TV transmitters have 

certain characteristics in common re¬ 
gardless of make or bard of operation. 
Some of these characteristics are de¬ 
termined by Standards of Good Engi¬ 
neering Practice as issued from time to 
time by the FCC (Chapter 11). Other 
characteristics are those set by the 
manufacturers themselves through mu¬ 
tual agreement of their coordinating or¬ 
ganization, the Radio & Television 
Manufacturers Association (RTMA). 
A listing of these common features serve 
as a good introduction to the study of 
TV transmitters. (Review also section 
1.14.) 
VISUAL TRANSMITTERS. All 

video transmitters arc- rated in terms of 
their peak power output. Thus if a 5 
kilowatt video transmitter is specified, 
this indicates that it is capable of put¬ 
ting 5kw of peak power into the trans¬ 
mission line, with minimum of distor¬ 
tion. In practice, the average power out¬ 
put is first measured with a dummy load 
of substantially zero reactance, and re¬ 
sistance equal to the surge impedance 
of the transmission line to be used, and 
the transmitter modulated by the stand¬ 
ard black television signal. The average 
power thus determined is multiplied by 
the factor (1.68) to obtain the peak 
power output. Methods are described in 
Chapter 11. Some control, either manual 
or automatic is provided to adjust the 
peak power output within definite limits 
over the operating day. 

All video transmitters in the VHF and 
UHF bands are amplitude modulated by 
the picture and control pulse signals. 
The term 100% modulation refers to the 
maximum carrier amplitude on sync 
peaks. The blanking (pedestal) occurs 
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at 75%, ±1% of the peak amplitude for 
any fixed picture content (such as a test 
pattern), and within ±2.5% for a vari¬ 
ation of picture content as occurs during 
regular program transmission. The car¬ 
rier reference white level amplitude oc¬ 
curs at 1212%, ±2.5%, of the peak car¬ 
rier amplitude. Thus maximum white 
level occurs between 10% and 15% of 
peak carrier amplitude. Overshoots in 
white signals should be avoided, since 
the resulting carrier cut-off causes se¬ 
vere buzz anc noise in intercarrier type 
receivers. 

The polarity of the transmitter input 
picture signal is black negative. With a 
minimum of 1 volt and maximum of 2.5 
volts peak-to-peak across the standard 
input impedance of 75 ohms. 

The polarity of the transmitter output 
signal is black positive (negative modu¬ 
lation, section 1.14) into the standard 
video transmission line of 51.5 ohms. 
The picture signal monitor output con¬ 
nections provide a black negative signal 
with an amplitude of 0.5 to 2.5 volts 
peak-to-peak across a resistive imped¬ 
ance of 75 ohms. 

The frequency of operation of both 
video and aural transmitters are main¬ 
tained within ±0.002 percent of the as¬ 
signed frequency. Thus the video carrier 
in the channel 1 assignment of 54.60 me 
has an assigned carrier of 55.25 me 
which must be maintained within ± 
1105 cycles per sec. On channel 13, the 
video assignment is 211.25 me, which 
must be kept within ±4225 cycles per 
sec. After April 1st, 1953, the visual car¬ 
rier must be maintained within one kilo¬ 
cycle of the authorized frequency, and 
the aural carrier within 4 kc of the as¬ 
signed frequency, or, alternatively, 4.5 
me above the actual visual carrier fre¬ 
quency within 5 kc. 
TELEVISION AURAL TRANS¬ 

MITTERS. All TV aural transmitters 
are rated in terms of their actual RMS 
power output, when working into the 
antenna system or equivalent dummy 
load. The radiated power from the an¬ 
tenna system is never less than 50%, 
nor more than 150% of the peak power 

radiated by the visual transmitter. The 
most common practice is to use an aural 
radiated power of 50% of the peak vis¬ 
ual radiated power. 
The operating power of the aural 

transmitter is determined by the indi¬ 
rect method. This means that the power 
input to the final stage is found by mul¬ 
tiplying the plate voltage and plate cur¬ 
rent, then applying a known efficiency 
factor to determine the power output, 
as: 

Power Output to Transmission Line 
= Ep X b X F where F = efficiency 
factor as supplied by all manufacturers 
for that particular transmitter. For ex¬ 
ample, assume a plate voltage of 3000 
volts, drawing 0.5 ampere plate current, 
with an efficiency factor (F) as supplied 
by the manufacturer for that particular 
transmitter and frequency of 0.70. The 
power output is then : 

3000 X 0.5 X 0.7 = 1050 watts power 
output. In practice, this power as well as 
the peak power of the picture transmit¬ 
ter is stepped up to a higher value by 
the power gain of the antenna system. 
The output power from the antenna is 
termed the effective radiated power. 

A more practical application of the 
indirect method of measuring power, 
from the operator’s point of view, is de¬ 
termining the necessary amount of plate 
current required for a given plate volt¬ 
age and power output. Thus he is able 
to determine how much he must “load 
up” the output stage by coupling adjust¬ 
ments to the transmission line. Foi- ex¬ 
ample, if 1000 watts is required into the 
transmission line, and the plate voltage 
is 3000 volts, the required plate current 
for an efficiency (F) of 0.7 is: 

Po 1000 1000 
I„ =-=-=-= 

E„F 3000 X F 2100 
0.476 amperes. 

All TV aural transmitters are fre¬ 
quency modulated, 100% modulation be¬ 
ing referred to a swing of ±25 kc. The 
standard 75 microsecond pre-emphasis 
is employed in the audio circuits ahead 
of modulation, as in regular FM broad¬ 
casting. This is discussed more fully in 
Chapter 11. The term frequency swing 
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refers to the swing back and forth 
through the center frequency (assigned 
frequency of the aural carrier) due to 
modulation. The term frequency devia¬ 
tion is the drift from the assigned fre¬ 
quency (center frequency), and this 
drift must be maintained within ± 
0.002% of the assigned frequency. After 
April 1st, 1953, the aural carrier must 
be maintained within 4 kc of the as¬ 
signed freqency, or, alternatively, 4.5 
me above the actual visual carrier fre¬ 
quency within 5 kc. 

The audio input impedance is either 
600 or 150 ohms. A level of approxi¬ 
mately + 10dbm applied to the input 
terminals is sufficient to cause 100% 
modulation. DBM refers to decibels 
above 1 milliwatt of power in (.00 ohms 
when a single-frequency pure sine-wave 
is applied. Due to the great difference 
between peak factors of program waves 
and sise-waves, actual program level in¬ 
put for 100% modulation during pro¬ 
gram transmission is less than zero db. 
This is discussed fully under operations 
in Chapter 12. 

The audio and video outputs of the 
two transmitters are most usually fed to 
a common antenna through a diplexer 
unit (section 1.14) to avoid interaction 
between the separate outputs. Only one 
complete sideband of the video carrier 
is fed to the antenna, with a vestige of 
the other sideband in accordance with 
the FCC curve shown and discussed in 
section 1.14. Strictly single-sideband op¬ 
eration was ruled out some years ago 
due to the inferior results obtained by 
the combined carrier and demodulator 
action. 

The most outstanding difference in 
video transmitters of various manufac¬ 
turers is the means of obtaining this 
vestigial sideband characteristic. (Re¬ 
view section 1.14.) When the transmit¬ 
ter is modulated in the final stage, the 
vestigial sideband filter must be used 
between the final power amplifier and 
transmission line to remove all except 
the proper vestige of the lower sideband. 
In this case, all radio-frequency stages 
prior to the final stage are narrow-band 
circuits which are tuned in the orthodox 

Figure 5.3A. Block diagram General Electric TT-
6-D video transmitter for VHF Channels 7-13. 

manner of adjusting for minimum plate 
current, indicating resonance. In other 
types of transmitters, however, where 
the video modulation takes place in a 
low power stage, the following class B 
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linear amplifiers must be tuned in a spe¬ 
cial way so that linear amplification of 
the upper sideband is achieved while at¬ 
tenuating the lower sideband 20db at a 
point 1.25 me below the assigned video 
carrier frequency. Since this is an un¬ 
orthodox method of tuning as applied to 
radio transmitters, the fundamentals 
will be described here. The subject is 
elaborated in Chapter 11. 

Fig. 5.3A is a block diagram of the 
General Electric Type TT-6-D video 
transmitter designed for operation on 
channels 7-13 in the VHF band. It is 
noted that the exciter unit consisting of 
the 6J5 crystal oscillator and multiplier 
stages are of the conventional narrow¬ 
band type, with orthodox tuning proce¬ 
dure. The output of the video amplifier 
is introduced into the 832 stage, which 
is the modulated stage in this transmit¬ 
ter. All following amplifiers are push-
pull RF linear amplifiers which must 
perform the dual function of providing 
linear increase in power with standard 
attenuation of the lower side-band. Fig. 
5.3B is the simplified schematic of the 
modulated stage and the following lin¬ 
ear amplifiers, showing method of cir¬ 
cuit tuning which is accomplished by 
the use of three-quarter wavelength 
lines. Fig. 5.3C illustrates the tuning 
principles of such circuits, which are 
used commonly in the high-band on 
VHF, as well as UHF and microwaves. 
Tuning controls are brought out to the 
front panel of the transmitter. All 
stages following the 1st linear amplifier 
are grounded-grid operated. The opera¬ 
tor will find that nearly all video trans¬ 
mitters use this circuit arrangement in 
the higher power stages. Grounded grids 
result in less output shunt capacitance 
and require little or no neutralization. 
The net result is a higher output power 
from a giver, triode operating grounded-
grid over that obtainable from the more 
conventional grounded cathode circuit, 
at high frequencies. 

The output of any plate modulated 
television stage is approximately 8 
megacycles wide, since this stage con¬ 
tains both sidebands of the amplitude 
modulated signal. The bandwidth re¬ 

quired of the remaining linear stages 
is 4% me in order to produce the vestig¬ 
ial sideband characteristic specified in 
the standards. The purpose of the tun¬ 
ing procedure in such circuits is to ad¬ 
just the bandpass of the series of lin¬ 
ear amplifiers much as IF alignment of 
a TV receiver is accomplished. This pro¬ 
cedure requires a variable frequency 
sweep generator and an oscilloscope in 
conjunction with a detector device such 
as a vacuum tube or crystal. In the Gen¬ 
eral Electric transmitter being dis¬ 
cussed, the sweep generator is built-in 
as is the crystal detector, which is across 
the transmission line terminals at the 
transmitter output. (Point (1) Fig. 5. 
3B.) It is only necessary to plug the 
’scope into the proper jacks appearing 
on the panel. Details of preliminary ad¬ 
justment of the sweep generator as well 
as the entire procedure are given in 
Chapter 11. The reader should be famil¬ 
iar with the fundamentals described be¬ 
low, however, before this detailed expla¬ 
nation is undertaken. The sweep genera¬ 
tor is essentially an oscillator with a 
centei’ frequency approximately that of 
the carrier assignment, which is swept 
through a band approximately ±6 me 
by a motor-driven capacitor across its 
plate tank circuit. Two marker pips are 
provided to indicate points 4 me above 
and 0.75 me below the carrier. Output 
receptacles are provided on the sweep 
generator panel to allow patching ca¬ 
bles which may route the signal to the 
required input receptacles of the vari¬ 
ous stages as described below. 

Three tuning controls appear on the 
front panel for each stage; plate tuning, 
cathode tuning and cathode loading. In 
the initial alignment, the final power 
amplifier stage is adjusted first. The out¬ 
put of the sweep generator is fed to the 
plate circuit of this stage at point (2), 
Fig. 5.3B. This constant amplitude RF 
voltage is impressed across the 50 ohm 
terminating resistors shown in the cir¬ 
cuit associated with these terminals. 
Coupling is made into the plate circuit 
by the two low capacity high voltage 
parallel plate capacitors (3). These ca¬ 
pacitors are approximately % mmfd 

206 • 



Fundamentals of TV Transmission Systems 

Figure 5.3B. Simplified schematic of modulated RF stage ard linear power amplifiers in General 
Electric TT-6-D video transmitter. Courtesy General Electric. 
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each and have minute effect on the total 
output capacity of the stage. Plates of 
the capacitor are very widely spaced to 
safely withstand both the DC and RF 
voltage appearing between the tank cir¬ 
cuit and ground. It is noted that a simi¬ 
lar arrangement is provided on each of 
the linear stages back through the chain 
of amplifiers. 

With the sweep generator operating, 
the constant amplitude RF is swept 
through the band of ±6 me of the car¬ 
rier frequency, and the bandpass char¬ 
acteristic is observed on the oscilloscope 
connected to jack (1). The plate tuning 
(4, Fig. 5.3B) control (with very loose 
output loading) is first adjusted so that 
a spiked curve appears half-way be¬ 
tween the two markers as in (1) of Fig. 
5.31). The reader should recognize this 
curve as a sharply tuned circuit of nar¬ 
row bandwidth, as in a loose or “under¬ 
coupled” transformer. The output tun¬ 
ing control (shunt capacitor (5) of Fig. 
5.3B) is then adjusted to give an over¬ 
coupled bandpass curve as in (2) Fig. 
5.31). This type of bandpass is too wide, 
with excessive attenuation in the middle 
region. Therefore, to obtain the desired 
response curve of (3), Fig. 5.3D, the 
loading control (series capacitor (fi) 
Fig. 5.3B) is gradually adjusted while 
maintaining at the same time equal 
height of the two humps by readjust¬ 
ment of the tuning (5) control, until 

the dip in the center of the bandpass de¬ 
creases. As this occurs, a simultaneous 
decrease in total bandwidth results. At 
the proper value of output loading, both 
bandwidth and center dip are correct. 

It is recalled that the markers indi¬ 
cate 0.75 me below and 4 me above the 
carrier frequency, indicating the proper 
bandpass of 4% me if the markers are 
finally positioned as in (3) of Fig. 5.3D. 
If, after the above procedure, the entire 
bandpass is displaced in frequency in 
either direction, the plate tuning capaci¬ 
tor must be adjusted slightly in the di¬ 
rection which correctly positions the en¬ 
tire bandpass. When this is done, how¬ 
ever, one hump will be lower than the 
other. Therefore it is necessary to re¬ 
adjust the output tuning control until 
balance of the slight humps occurs. 

The above procedure is repeated for 
each of the lower power stages, leaving 
the scope connected on the same trans¬ 
mission line crystal diode. The final 
stage output is left undisturbed in all 
following alignment adjustments. It is 
noted from the simplified schematic of 
Fig. 5.3B that the three circuit controls 
described above are duplicated in each 
stage, the only difference being that the 
center dip on the curve traced out is 
greater by the amount introduced in the 
adjusted stage. Approximately 3% dip 
is normal for the output stage only. 
Therefore the accrued dip for 5 stages 
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With loose output loading (output de¬ 
tuned) the plate tuning control is 
varied un*il-a spike appears about 
half-way between the markers. 

Output tuning control varied lo result 
in an overcoupled curve. 

Loading coritrol varied in conjunction 
with output tuning for optimum band¬ 
pass characteristic. 

Figure 5.3D. Fundamentals of tuning procedure 
in low-level modulated TV transmitters. 

will result in a final trace of 15% dip. 
A dummy antenna is always used in in¬ 
itial tuning procedures. Since full plate 
voltages are on the stages that have been 
aligned, normal reaction is present on 
the stage under adjustment. 

It should be noted that after this in¬ 
itial adjustment upon installation of the 
transmitter, such procedure is not a part 
of daily operations or maintenance 
schedules. However, due to changing of 
tubes and inevitable changing of circuit 
constants over long periods of time, such 
adjustments will have to be made, and 
all transmitter personnel should be fa¬ 
miliar with such procedures for the par¬ 
ticular transmitter involved. Complete 
checks should be made at a minimum of 
twice a year. Many stations require the 
maintenance personnel to practice this 
procedure every few months, since quite 
often troubles may be foreseen and cor¬ 
rected in this manner. More about this 
in Chapter 12. 

Since video modulation in this type 
of transmitter occurs in a very low 
power stage with small tubes, plate 
modulation may be used. (Section 1.14.) 
Such modulation is used in the above 
transmitter, as indicated in Fig. 5.3B. 
With plate modulation it is necessary 
that the modulated stage output circuit 
be tuned to the full double bandpass 

characteristic of 8 me. Provisions for 
measuring this bandpass are provided 
by a pair of receptacles (7) Fig. 5.3B 
where the external sope is connected. 
Two crystals, one on each side of the 
first amplifier input circuit, rectify the 
RF signal on the grids and the scope 
trace displays the amplitude character¬ 
istic of the intercoupling circuit between 
the modulated stage and this first ampli¬ 
fier. The video signal is clamped at the 
point shown in the block diagram of Fig. 
5.3A, and coupled to the modulated stage 
through the cathode followers shown. 
These couple both AC and DC compo¬ 
nents of the signal and supply the plate 
power for the modulated stage. This 
provides the DC restoration of the video 
signal. 

All video transmitters use a sync 
stretcher circuit. The basic theory of 
this type of circuit was presented in sec¬ 
tion 3.7. In addition to the inevitable 
sync compression which occurs in inter¬ 
connecting lines and amplifiers, another 
factor is a major reason why such a cir¬ 
cuit is a necessity in the transmitter. 
This factor is due to the inherent nature 
of the modulation characteristic itself. 
It is recalled that the blanking level 
must be 75% of peak sync at the output 
of the transmitter. This same relative 
level of 75% blanking and 25% sync is 
fed to the transmitter input from the 
output terminals of the studio. Since in 
practice the carrier never goes to zero 
value (maximum white level is 10%), 
there is a “minimum carrier” level 

Figure 5.3E. Modulator synx stretching circuit of 
General Electric TV transmitter. 
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which, added to the composite video sig¬ 
nal (even assuming perfect linearity) 
results in a final modulated output con¬ 
taining a blanking level greater than 
75%. This is equivalent to compression 
in the sync region. 

The basic sync stretching circuit of 
the GE transmitter is illustrated in Fig. 
5.3E. Its function is to increase the pro¬ 
portion of sync in the modulator so that 
the blanking level in the RF output may 
be adjusted to exactly 75% of peak sync. 
The 6AG7 sync stretching tube has its 
cathode connected across the cathode re¬ 
sistance R, common to both tubes. Dur¬ 
ing the picture portion of the signal, the 
6AG7 is below cut-off since its cathode 
is too far positive to allow conduction. 
(Equivalent to class C operation.) The 
composite video signal input to the grid 
of the 4D32 tube is black negative polar¬ 
ity. Therefore when the signal swings 
into the sync region, the grid of the 4D32 
becomes more negative, and both cath¬ 
odes drop toward ground potential. This 
allows the 6AG7 tube to begin conduc¬ 
tion, and the added current through R 
increases the negative bias of the 4D32 
still further, producing a higher posi¬ 

tive voltage in the output circuit during 
the sync region of the signal. The posi¬ 
tive bias on the sync stretching tube grid 
is adjustable from a control on the 
transmitter operating console, allowing 
the operator to properly adjust the 
amount of sync stretch. 

Fig. 5.3F is a photo of the aural and 
first visual cubicle of the GE transmit¬ 
ter described above, showing the gen¬ 
eral orientation of controls and chassis 
arrangements. Commercial television 
transmitters are arranged for utmost 
convenience in operations and mainte¬ 
nance, and all major components are 
stamped by number either on the com¬ 
ponent itself or on the chassis adjacent 
to it. Thus the operator may easily ac¬ 
quaint himself with the location of parts 
as correlated with the schematic dia¬ 
gram, aiding immeasurably in becoming 
mentally prepared for emergencies 
when they occur. Helpful hints for meet¬ 
ing transmitter emergencies are in¬ 
cluded in Chapter 12. The first and fun¬ 
damental rule for mental preparedness 
is this: THOROUGHLY DIGEST TV 
EQUIPMENT FUNDAMENTALS un¬ 
til they become second nature to your 

Figure 5.3F. Courtesy General Electric. 
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Figure 5.3G. Simplified schematic RCA TT-5-A video transmitter. 

thinking process. This is the foundation 
upon which an entire career is based. 

A simplified schematic of a typical 
high-level modulated visual transmitter, 
the RCA TT-5A is shown in Fig. 5.3G, 
pictured in section 1.14. This transmit¬ 
ter employs grid modulation of the final 
stage. Part of the lower sideband is re¬ 
moved in the power amplifier output, the 
rest being attenuated to the standard 
amount in the vestigial sideband filter. 

In the RF carrier portion, a 1614 tube 
is used as a crystal oscillator, and the 

plate tank circuit is tuned to twice the 
crystal frequency, serving as a doiAder. 
This output is link-coupled to the 4E27, 
serving to double again its input fre¬ 
quency. The following stage is a 4E27 
tripler, which in turn is inductively 
coupled to the tuned grids of the two 
4-125A/4D21 tubes in push-pull. For 
channels 2-6 (54-88 me), this stage 
drives the 8D21 power amplifier final 
output. More frequency multiplication 
is required, however, for the 7-13 chan¬ 
nels (174-216 me). In this case, this 
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push-pull stage is used as a tripler, and 
two additional RF stages are inserted to 
provide adequate drive for the final 
stage. These stages are indicated in the 
simplified schematic. 
When high-level grid modulation of 

this type is used, a damping circuit (1) 
across the grid circuit of the PA is used 
to absorb a constant amount of RF power 
from the driver tubes. This is neces¬ 
sary to swamp out changes in loading 
on the driver which would occur under 
grid modulation of the final stage. This 
preserves the modulation linearity in 
the high-output region of sync peaks, 
where considerable grid current is 
caused to flow. 

In the video amplifier and modulator 
section, three 6AG7 tubes in parallel 
comprise the first picture amplifier. The 
signal then passes through a high fre¬ 
quency compensating network (series¬ 
shunt peaking coils) to two 807 tubes 
in parallel as the second picture ampli¬ 
fier. The 6AG7 tube (2) connected in 
parallel to the 807 tubes is the sync 
expander to stretch the sync. Since the 
video signal to the first amplifier input 
is standard black negative, the polarity 
of the signal to the grids of the second 
amplifier is black positive. The 6AG7 
tube is operated class C, while the 807 
stage is operated class A. Therefore the 
sync expander tube conducts only in the 
sync region, adding to the total output 
of the 807 tubes during the sync portion 
of the composite signal. Compare the 
signal polarity and method of action of 
this sync expander circuit with the sync 
stretcher circuit of the GE transmitter 
described previously. This serves to give 
the reader a good insight of the two 

main types of commercial sync stretch¬ 
ing circuits. 

The modulator stage (3) consists of 
six 4E27 tubes parallel connected. The 
plate load into which the modulator 
works is a constant-resistance network 
maintaining a constant impedance of 
500 ohms over the entire video band. 
It should be noted that one section of 
this network is connected to the elec¬ 
tronically regulated bias supply. The 
internal resistance of this supply be¬ 
comes part of the modulator load, per¬ 
mitting a frequency response down to 
and including DC. The 6H6 biasing and 
restorer tube (5) for the modulators 
is the final stage in the keyed clamp¬ 
ing circuit comprising a 6J5 sync sepa¬ 
rator (6) and a 6AC7 sync amplifier¬ 
inverter (7). This circuit partially dis¬ 
ables the modulator tubes during the 
last part of the horizontal blanking 
signal just after the sync signal from 
which the circuit is keyed. This is 
known as “back-porch clamping.” The 
modulator bias is thus automatically 
clamped to the same predetermined 
value for each blanking pulse, restoring 
the DC component of the picture signal. 
The Balun Unit (8) Fig. 5.3G is a 

group of transmission line elements for 
matching the balanced output of the 
final power amplifier to the unbalanced 
(one side grounded) coaxial transmis¬ 
sion line. Balun is a contraction of the 
term “balanced-to-unbalanced.” The 
basic principle of the balun is shown in 
Fig. 5.3H. The transmitter output con¬ 
nects directly to the unbalanced trans¬ 
mission line, with the addition of a 
quarter-wave section shorted at one end 
to the grounded outer conductor. It is 
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recalled (section 5.2) that a % wave¬ 
length line shorted at the receiving end 
(looking from the power input termi¬ 
nals) presents theoretically infinite im¬ 
pedance at that frequency, equivalent 
to a parallel tuned circuit. In this man¬ 
ner, the balanced connections may be 
transformed to an unbalanced line (or 
vice-versa if desired) with negligible 
power loss or impedance mismatch. 
The reflectometer (9) is basically a 

peak-reading vacuum tube voltmeter, 
inductively and/or capacitively coupled 
to the transmission line. This device 
may be used for one of two primary 
purposes. (1) To indicate the stand¬ 
ing-wave ratio on the line for purposes 
of properly terminating the line in its 
characteristic impedance and to indicate 
any changes over the operating day and 
(2), to indicate relative peak-power 
output of the transmitter. In the RCA 
TT-5A diagrammed in Fig. 5.3G, two 
reflectometers are provided (9) to pro¬ 
vide both of the above facilities. 

The tuning of this type of transmitter 
requires special procedures only in the 
final stage, since all preceding fre¬ 
quency multiplier and driver stages are 
conventional, narrow band circuits. Ac¬ 
tually, some attenuation of the lower 
sideband is attained when the final is 
properly tuned to achieve this charac¬ 
teristic. The final tank is tuned to pass 
a band of frequencies approximately 6 
me wide. This is accomplished in prac¬ 
tice by using an auxiliary crystal which 
is ground to operate 1.6 me above the 
regular carrier crystal generator. This 
extra crystal is first switched into the 
oscillator circuit, and all stages in¬ 
cluding the final amplifier are tuned 
to this frequency. When this is accom¬ 
plished, the regular assigned carrier 
frequency crystal is switched into the 
oscillator circuit, and all circuits except 
the final stage are tuned to this operat¬ 
ing frequency in the conventional man¬ 
ner. Thus the regularly assigned operat¬ 
ing frequency is fed to the grid circuit 
of the final where it is modulated with 
the composite video signal. The output 
tank, however, being tuned so that the 
middle of its pass band is approximately 

Figure 5.31. The vestigiol sideband filter is com¬ 
posed of oerrianently tuned coaxial lines. 

Courtesy RCA. 

1.6 me above the carrier frequency, at¬ 
tenuates most of the lower frequency 
portion of the lower sideband before 
feeding into the vestigial sideband filter. 

This filter, diagrammed in section 
1.14, is actually composed of perma¬ 
nently tuned coaxial lines used as re¬ 
active elements. (Section 5.2.) The unit 
is illustrated in Fig. 5.31. The low pass 
sect.on absorbs the undesired energy 
from the lower sideband in its power 
terminating resistor. The high pass sec-
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tion efficiently transfers the desired 
band pass to the notch filter, which is 
tuned to a single frequency near the 
next lower TV channel and absorbs this 
energy. The lower sideband attenuation 
must be at least 20 db at a point 1.25 
me below the visual carrier operating 
frequency. The sound channel of the 
next lower TV station is 1.5 me below. 
Therefore the notch filter is tuned at 1.5 
me lower than the operating visual car¬ 
rier frequency, to assure positive pro¬ 
tection to this sound channel. The aural 
center carrier frequency (frequency 
modulated) is located 0.25 me below 
the upper end of the channel. The 
frequency spacing between the video 
carrier and the center of the aural 
carrier is 4.5 me. The bandwidth of the 
lower sideband of the picture carrier 
is approximately 0.75 me. The remain¬ 
ing part of the lower sideband (0.5 me) 
serves as the attenuation area. The 
standard vestigial sideband transmis¬ 
sion curve shown in section 1.14, Chap¬ 
ter One, should be fixed in the readers 
consciousness so that ready application 
to any bard may be made. Fig. 5.3J 
illustrates this idea for Channels 2-6 of 
the VHF band. 

Visual and aural transmitters used 
in the UHF bands pose special prob¬ 
lems in design which affect to a great 
extent the operating, tuning and main¬ 
tenance techniques of the operator. 
Manufacturers are departing more and 
more from the practice of paralleling 
large numbers of conventional tubes to 
obtain high power, and are developing 
special high-frequency power tubes with 
integral functions of circuit elements 
designed into mechanical mounting fea¬ 
tures. 

As an example of this functional de¬ 
sign, observe Fig. 5.3K which illus¬ 
trates the type 6161 UHF Power Tri¬ 
ode. This is a very compact (3-13/32" 
max. length, 1.76" max. diameter) 
forced-air-cooled tube of the grounded 
grid type. The plate dissipation rating 
for TV service is 250 watts, and full 
plate input power is used at frequencies 
to 900 megacycles, and may be operated 

as high as 2000 me with reduced volt¬ 
ages. 

The coaxial-electrode structure points 
up the basic design used for power 
tubes in the UHF region. This adapts 
easily to circuits of the coaxial-cylinder 
or cavity design. Because the terminals 
of the tube have progressively smaller 
diameter from plate to grid to cathode 
to heater as shown, it is possible to in¬ 
sert it into coaxial and cavity circuits 
from one end and without disassembly 
of the circuit. This is shown in Fig. 
5.3L, where it may be observed that the 
tube may be fitted into such a mounting 
from above, and with the concentric 
heater and cathode terminal fitted into 
the base, the plate and grid terminals 
make contact upon the surfaces shown. 
Remember that this is the grounded-
grid type of service basically illustrated 
in the sketch accompanying the figure 
of the mounting. 
The unipotential cathode is indirectly 

heated by the heater, one terminal of 
which is common to the cathode. The 
cathode in UHF service is subjected to 
considerable bombardment resulting 
from transit-time effects of the elec¬ 
trons. The resulting back-bombardment 
raises the temperature of the cathode, 
the magnitude of the heating being a 
function of the operating conditions 

Figure 5.3J. 

214 • 



Fundamentals of TV Transmission Systems 

Figure 5.3K. Type Ó161 UHF power triode. Photo Courtesy RCA. 

and frequency. In order to prevent 
overheating of the cathode which would 
severely shorten the life of the tube, 
the tube is put in operation with full 
rated heater voltage (6.3 volts), and is 
then reduced to the lowest value that 
results in the desired power output. 
Optimum operating value is found in 
practice by reducing the heater voltage 
(with normal modulation applied to 
the transmitter) until a reduction in 
output is noted. The heater voltage is 
then increased by an amount equivalent 
to the maximum percentage regulation 
of the heater voltage supply, and then 
further increased by about 0.1 volt to 
allow for other variations. Slight cir¬ 
cuit readjustment may be necessary 
after change of the heater voltage. 

The grid is also subjected to consider¬ 
able heating in UHF TV service caused 
by both normal electron bombardment 
and transit-time effect bombardment as 
well as the circulating RF currents. 
Therefore the forced-air flow across the 
radiator, grid terminal, cathode termi¬ 
nals and seals is very important. The 
operator will find in practice that an 
interlocking protective device will pre¬ 
vent filament or plate voltages from 
being applied until normal air flow is 
established. Control circuits and pro¬ 

tective relays are discussed in Chapters 
11 and 12. 
The Klystron, or cavity resonator, is 

also finding application in the UHF 
bands for power amplifier purposes. 
One experimental type UHF transmit¬ 
ter using the Klystron is block dia¬ 
grammed in Fig. 5.3M. The exciter, 
driver unit is really a complete 100 watt 
TV transmitter. The frequency con¬ 
trol is unique in that only one crystal 
oscillator is used to control both the 
visual and aural carriers. Consequently, 
these two carriers are essentially locked 
together with a fixed separation of 4.5 
me. Any frequency drift due to the 
crystal results in each of the carriers 
drifting in the same direction, while 
the two remain 4.5 me apart. This is 
especially desirable in the intercarrier 
method of reception which is very popu¬ 
lar. 
The block diagram shows that the 

crystal oscillator output is multiplied 
in the conventional manner to one¬ 
fourth of the visual carrier frequency. 
This frequency is then doubled twice 
in cavity-type circuits using type 
4X150A tetrodes which, in turn, excite 
the driver-amplifier at output fre¬ 
quency. This driver amplifier, also 
4X150A tetrode, is grid modulated by 
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the visual signal through a clamp-type 
visual modulator. This video modulated 
signal is then fed to the power ampli¬ 
fier through coaxial cable. 

The FM aural signal is generated by 
a direct crystal-controlled phase modu¬ 
lator, low in center-frequency compared 
to that of the visual carrier crystal. The 
two are then combined in the mixer 
stage to obtain the controlling source 
of the aural carrier. The aural signal 
is then multiplied by a series of con¬ 
ventional and cavity-type frequency 
multipliers similar to those used in the 
visual channel. The result is an aural 
carrier 4.5 me higher than the visual 
carrier, and essentially controlled by 
the visual carrier crystal. 
The most unusual and interesting 

portions of this transmitter, yet the 
least complicated from the standpoint 
of circuitry and operation, are the 
visual and aural power amplifiers. These 

two stages employ multi-cavity Kly¬ 
strons, developed especially for UHF 
television. The GE experimental type 
number is the Z-1891. The resonant cir¬ 
cuits are integral with each tube and 
are adjustable to permit tuning to the 
desired channel and bandwidth. Cooling 
is accomplished by circulating water 
and forced air. The structure is de¬ 
signed for exceptionally long life, and 
it is expected that the useful life will 
exceed that of more conventional high 
frequency tubes by several times. 

The Klystron serving as the visual 
power amplifier operates as a broad¬ 
band linear stage. Power gains in ex¬ 
cess of 50 are easily realizable in this 
power amplifier when adjusted for wide¬ 
band output response of 5 me, flat 
within 1 db. 

The Klystron used as the aural power 
amplifier is identical with that used in 
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Figure 5.3M. Block diagram General Electric ex¬ 
perimental UHF transmitter using Klyston power 

amplifiers. 

the visual channel, but need not be 
adjusted for broadband response- There¬ 
fore the power gain may be made ex¬ 
tremely high. Power gains of 5000 have 
been obtained under narrow-band con¬ 

ditions from this tube, with no evi¬ 
dence of instability. 

As shown, a vestigial sideband filter 
is employed in the picture output stage 
to complete the necessary attenuation 
of the lower sideband, although some 
of this attenuation is accomplished by 
the selectivity of the preceding driver 
cavity circuits. 
The operator unfamiliar with 

grounded-grid RF power amplifier will 
note one important difference in tuning 
characteristics, from the conventional 
circuits using grounded-cathodes. Vari¬ 
ations in the load on the output stage 
will produce corresponding variations 
in load on the driver stage. This effect 
is noted by the simultaneous increase 
in plate currents of both the output 
and driver stages. 

5.4 TV Antennas and Feeding Systems 
TV antennas differ radically from 

standard AM broadcast stations, but 
are based essentially upon the same 
basic principles of FM broadcast types. 
The major difference here is that the 
antenna must be much broader band; 
that is, the impedance characteristic 
must be essentially flat across the full 
6 me of the TV channel. 

TV antennas, especially for the VHF 
bands, are usually built utilizing the 

Figure 5.4A. A circular radiation pattern is ob¬ 
tained from two dipoles in turnstile, phased 90 

degrees apart in current feed. 
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Figure 5.4B. Evolution of bat-wing antenna. 

principles of the doublet, with means 
to achieve circular radiation and power 
gain in the horizontal plane. The circu¬ 
lar radiation is achieved by crossing the 
dipoles in a turnstile arrangement and 
feeding in quadrature. This means that 
the currents are fed to the radiating 
elements 90 degrees apart, which is 
necessary in order that the radiated 
pattern be circular rather than direc¬ 
tional. This principle is illustrated in 
Fig. 5.4A. Considering only one dipole 
at a time, it may be observed that the 
East-West dipole (current distribution 
shown by dotted lines) will give unity 
radiation in the N-S direction, and mini¬ 
mum radiation in the E-W direction. 
The North-South dipole will give unity 
radiation in the E-W direction, and 
minimum energy off the ends in the N-S 
direction. At any of the angles at which 
radiation is received from both dipoles, 
the resultant energy is the vector sum 
of the two fields having cosine distribu¬ 
tion. 
Thus at point P, representing the 

Northeast point at 45 degrees between 
the ends, the radiation from each ele¬ 
ment is 0.707, and the vector sum is 
(1), or unity. At 30 degrees (from the 

N point), the cosine of the N-S radia¬ 
tion is 0.866, and the cosine of the E-W 
radiation (which is 60 degrees from the 
E end) is 0.5. Again, the vector sum is 
unity. If the reader repeats this process 
around the entire configuration by 
noting the cosines at each angle, he 
will find that the vector sum at all 
angles is unity, achieving the desired 
circular radiation. 
The Superturnstile, or “bat-wing” 

type of antenna popular on the VHF 
television bands is composed of a num¬ 
ber of crossed dipoles, modified in de¬ 
sign to result in a broad-band imped¬ 
ance characteristic. These elements are 
termed current sheets in technical de¬ 
scriptions, and are fed with currents in 
quadrature as in the above illustration. 
The evolution of the batwing antenna 
is illustrated in Fig. 5.1B, and described 
below. 

In (1) of Fig. 5.4B, a metal sheet 
with a slot % wavelength long at the 
operating frequency is excited with RF 
energy at the midterminals of the slot 
as shown. At the instantaneous time 
shown, the polarity of the excitation is 
such that current flows through the 
metal sheet in the direction of the ar-
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rows. The slot may be considered as two 
parallel conductors % wavelength long 
and shorted at the ends. Since center 
feed is used, the current wave is set 
up as shown by the dotted line. Current 
then flows through the metal sheet in 
the direction of the arrows, being 
highly concentrated in strength through 
the eenter as indicated by the length of 
the arrows. The spacing of the edges 
of the slot are negligible at the operat¬ 
ing frequency, so that actual radiation 
occurs in both directions from the 
center of the metal sheet. 

If an actual metal sheet were used in 
practice, radiation resistance would be¬ 
come so high at a distance slightly ex¬ 
ceeding % wavelength from the slot, 
that negligible radiation would result. 
If, therefore, the sheet is made not more 
than Vs wavelength in dimensions as 
shown in (2), optimum radiation is 
achieved. The current distribution and 
resulting radiation characteristics may 
be seen to approximate that of a half¬ 
wave dipole, with maximum current and 
zero voltage at the center of the radi¬ 
ator. Such an element may be physi¬ 
cally supported by a mount at this zero 
potential point which occurs in the 
center of either end. 

In practice, the “sheet” is notched at 
the center (3) to reduce this dimension 
below 14 wavelength and reduce the 
current flowing at the midsection. The 
height of the current sheet is then made 
approximately 0.6 wavelength. This re¬ 
sults in greater currents at top and 
bottom relative to those through the 
center and the vertical pattern ap¬ 
proaches the characteristics of two 
horizontal dipoles spaced % wavelength 
apart vertically. This allows a gain in 
the horizontal plane of about 1.2 per 
bay. These bays may be stacked to 
achieve gains up to approximately 7 
for the VHF band to which the bat¬ 
wing is designed. Each bay actually 
consists of two such “current sheets” 
in the turnstile or “quadrature” ar¬ 
rangement. The coaxial feed lines may 
be connected so that the outer conduc¬ 
tor feeds one side of each element and 
the inner conductor feeds the other side. 

(3) Unless double transmission lines 
are used, a diplexer is used so that one 
element of each bay is fed by the sound 
transmitter, and the ether element fed 
by the visual transmitter. The currents 
must be fed 00 degrees apart by means 
of an extra section of H wavelength 
line in one side as described in section 
1.14. 
As shown in (3) of Fig. 5.4B, the 

current sheet is not a metal sheet, but 
is of mesh construction consisting of 
metal bars to reduce wind resistance. 
The spacing between the bars must be 
negligible at the operating wavelength. 
All feed lines to the stacked array are 
fed from common junction boxes, and 
are of exactly the same length to main¬ 
tain correct phasing. 

A type of radiator different from the 
bat-wing and giving power gains of 
from 10 to 20 times in the VHF bands 
is the Supergain antenna illustrated in 
Fig. 5.4C, the vertical separation being 
slightly less than one wavelength from 
center to center. The tower has side 
dimensions of % wavelength. Also 
shown in this figure is the extra phas¬ 
ing section (% wavelength line) to pro¬ 
vide quadrature feed to the E-W radi¬ 
ators. 

A bridge power equalizer and termi¬ 
nating resistor may also be noted in 
this drawing. Such facilities are used 
to avoid any possible ringing effect 
which causes ghost or multiple images 
to be transmitted. This results when 
standing waves exist -or. the line from 
any slight impedance mismatch over 
any portion of the 6 me bandwidth, the 
waves reflected down the transmission 
line returning to the antenna where 
radiation occurs. This produces an 
“echoing picture” effect, and is the 
greatest problem faced by the antenna 
installation crew. As an example, as¬ 
sume that at some frequency within the 
band, the antenna of Fig. 5.4C (without 
the power equalizer) presented an im¬ 
pedance of 85% that of the character¬ 
istic impedance of the transmission line. 
Through the leg of the radiators fed by 
the 14 wave phasing circuit, this im-
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Figure 5.4C. Constructional details of RCA supergain antenna. Courtesy RCA and Broadcast News. 

pedance is inverted to approximately 
118%*. Since the two terminals at the 

*Footnote: Lester J. Wolf: “High 
Gain and Directional Antennas for 
Television Broadcasting,” Broadcast 
News, Volume 58. 

output of the diplexer would thus be in 
the ratio of 0.85/1.18, the resultant 
power from the voltage ratio in the two 
sides would approach the ratio of 1 to 2. 

E2
(Power =-). 

R 
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Figure 5.4D. Radiation patterns obtainable with the RCA supergain antenna. After RCA data. 

This destroys the desired circular pat¬ 
tern. 
The power equalizer shown in this 

application takes the form of a bridge 
circuit at the junction of the E-W and 
N-S coaxial lines. By means of the 
bridge balance, the reflected waxes are 
separated from the initial applied 
waves and dissipated in the terminat¬ 
ing resistor. 

The operator will find some applica¬ 
tions where a circular pattern is not 
desired. In some instances the location 
of the transmitter relative to the area 
of service is such that a directional 
pattern would be most satisfactory. The 
design of the Supergain antenra dis¬ 
cussed here yields itself readily to such 
applications, and this practice is ex¬ 
pected to increase in popularity as the 
number of stations increase in number 
across the country. Fig. 5.4D illustrates 
four basic patterns and the necessary 
orientation of the radiating elements to 
achieve them. In (1), the usual method 
of obtaining an essentially circular 
radiation pattern is shown. In (2), it 
is noted that each radiator and screen 
assembly has essentially the same hori¬ 
zontal pattern as that from one side of 
a horizontal dipole. Drawings (3) and 
(4) are then self explanatory. It should 
be noted that a power gain is achieved 
in the maximum direction by this direc¬ 
tional effect as well as from stacking 
layers of radiating elements io cut 
down the vertical angle radiation. 

In the UHF bands, effective radiated 
powers (ERP) of up to 1000 KW are 
allowed by the FCC. A great portion of 
this ERP must be achieved by a high 
gain antenna system. Fig. 5.4E illus¬ 
trates the General Electric TV trans¬ 
mitter antenna designed for channels 
14-19 in the UHF band. It consists of 
a 4-bay helical radiator which GE terms 
a side-lire design. The tubular mast 
shown supporting the helical radiator 
forms the outer conductor of the incom¬ 
ing coaxial line. Four feed points are 
required along the mast, one for each 
complete radiating bay. The antenna 
provides a power gain of 20. 
Although waveguides were formerly 

thought to be necessary for feeding 
UHF transmitters due to the high at¬ 
tenuation «f coaxial lines suitable in 
the VHF band, many advances of very 
recent date have disproved this theory. 
Development of coax lines with low loss 
throughout the UHF bands was largely 
advanced by a resin known as TEF¬ 
LON. This is the trade-mark for Du¬ 
Pont Tetrafluoroethylene Resin. Spac¬ 
ing insulators made of this new com¬ 
pound are used in the UHF coax lines, 
achieving remarkably high voltage 
breakdown and extremely low power 
loss. Whereas coaxial lines of former 
design were not practical in use above 
approximately 200 me, the new lines 
using this “electrically transparent” 
diaelectric discs as spacers are prac¬ 
tical at the lower end of the microwave 
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Figure 5.4E. Broadcast television 4-bay UHF high-gain helical transmitting antenna, type TY-24-A, for 
channels 14 through 19. Courtesy General Electric. 

relay frequencies. The former VHF 
coax line falls off rapidly in charac¬ 
teristic impedance above 225 me, being 
down to 45 ohms (from 51.5 ohms) at 
325 me. The new lines hold their charac¬ 
teristic impedance up through 1000 me, 
and deviate very little as high as 2000 
me. Attenuation is only approximately 
0.4 db per 100 feet at 1000 me and re¬ 
mains under 1 db per 100 feet at 2000 
me. It is only reasonable to assume that 
the convenience of coaxial lines will 
ultimately be extended throughout the 
microwave region, although dents or 
any type of discontinuity in the line at 
UHF and microwave frequencies have 

much more drastic effect on voltage 
standing wave ratios than at the lower 
frequencies. 

5.5 TV Transmission Gamma and 
Contrast Range 

Before entering the rest of the text 
which concerns the practical operation 
and setup of the equipment, it is ad¬ 
visable to examine the basic charac¬ 
teristics with which the entire operat¬ 
ing technique is concerned; namely the 
artistic values of the picture relating 
to gamma and contrast range. 

In all aural transmission systems, 
the unit of level measurements is based 
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upon the logarithmic decibel scale. This 
is because the response of the human 
ear itself is logarithmic; that is, greater 
changes in ratio of sound levels are re¬ 
quired at high sound intensities to be¬ 
come noticeable to the ear than is neces¬ 
sary to be noticeable at low levels. 
Similarly, the visual response of the 
human eye as a function of the bright¬ 
ness level is based upon the Weber-
Fechner law which states: the sensa¬ 
tion produced in the mind of an ob¬ 
server varies approximately logarith¬ 
mically with the brightness of the ob¬ 
ject viewed. 

This is to say that at high values of 
brightness, the response of the eye 
tends to become saturated, and a 
greater ratio of change in brightness 
is required at high brightness levels to 
be noticeable than is required at lower 
brightness levels. This is illustrated 
basically by (1) in Fig. 5.5A. It is 
noted that due to the slope of the visual 
response curve, a much greater change 
in brightness level is required at point 
“2” to produce the same change in 
visual response as a smaller change in 
brightness level produces at “1.” The 
term gamma relates the transfer char¬ 
acteristic of the image brightness to 
the object brightness. If the image re¬ 
produced on the picture tube is of the 
same contrast range (ratio of brightest 
highlight to deepest shadow) as the 
original image contrast, the gamma is 
unity or 1. This is analogous to linear 
amplification, and is shown by the solid 

line of (2) in Fig 5.5A. The dotted line 
indicates a gamma '.ess than unity 
(which reduces the contrast) and the 
dash-dot line indicates a gamma greater 
than unity, which would increase con¬ 
trast. 

Photography addicts are already ac¬ 
quainted with the properties of gamma 
in making their own prints. They know 
that a high contrast printing paper 
(gamma greater than unity) may be 
used to increase the contrast of an un-
contrasty negative. They also know that 
too much gamma results in a “harsh” 
print. 

It may be noted that the image 
orthicon tube has a substantially linear 
output to light input (section 2.2) and 
therefore has a gamma of 1 (over the 
operating range of the pickup tube). 
It is not to be inferred, however, that 
a unity gamma is desirable at all times 
in the TV transmission system. In 
monochrome transmission, some con¬ 
trast is lost in the rendition of colors 
to the gray scale. Most TV engineers 
recommend a gamma of 1.4 as approxi¬ 
mately optimum for the entire system. 
In practice, picture tubes have a gamma 
greater than unity so that the video 
voltage applied to the beam grid cause 
the signal variations corresponding to 
the light portions to fall in the steep 
part of the transfer curve. As a result, 
white levels cause a greater variation 
of beam current than occurs at darker 
levels. 

Figure 5.5A. 
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Any portion of the TV system may be 
adjusted for optimum gamma charac¬ 
teristics; amplifiers, cameras, or modu¬ 
lation characteristic of the video trans¬ 
mitter. The setting of the overall trans¬ 
mission system gamma forms an im¬ 
portant part of operating practice. 
In color transmission systems, a 

gamma of unity is considered optimum 
at the present writing. Thus relative 
brightness levels of the reproduced 
image is the same as in the original 
scene, over the operating range of the 
pickup tube. Thus some compromise in 
operating practices appears necessary 
in any compatible system of color trans¬ 
mission where monochrome receivers 
may be used to receive color in black 
and white. 

The contrast range for TV transmis¬ 
sion systems is seriously limited as 
compared to the original scene or 
even to film. Contrast range in original 
sight impression is as high as 1000:1. 

The best photographic contrast range 
for prints on glossy paper may ap¬ 
proach 100:1. The best contrast range 
achieved in the present television trans¬ 
mission system is approximately 30:1, 
and a range of 20:1 is seldom exceeded 
in practice. This range is not as “in¬ 
adequate” as the figures may lead the 
reader to believe. For example, it is 
well known that the original dynamic 
range of the sound levels from a sym¬ 
phony orchestra at the point of origin 
is close to 80 db. Yet a reproduction of 
a dynamic range of about 40 db in the 
average living room produces sound 
levels from extremely soft to extremely 
loud, giving adequate reproduction of 
the original dynamic range. About all 
that is known at the present time re¬ 
garding picture transmission is that a 
contrast range of 20:1 to 30:1 results 
in “satisfactory” reproduction, whereas 
a contrast range of 10:1 is noticeably 
inferior. 
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CHAPTER 

Operating Studio and Control 
Room Equipment 

The remainder of the book is dedicated 
to the purpose of bridging the gap be¬ 
tween television theory and the prac¬ 
tical use of the equipment. It is de¬ 
signed to answer the all too prevalent 
cry: “I know the theory. Now what do 
I do on the job?” 
Television shows are born in the 

minds of clients, writers, producers 
and directors to meet a variety of needs 
limited only by the wide variance of 
human interests. Equipment concerned 
with transferring these paper ideas to 
the minds of the viewers and isteners 
may be compared to a musical instru¬ 
ment. The mechanical and electrical 
functionings themselves are only a 
means to an end; they are inert, life¬ 
less entities capable of accomplishing 
the desired results only under guidance 
by the operating technique of the user. 
The finest pipe organ in the world can 
fill the ears with all the drama of sound 
of which it is capable only under the 
touch of commanding and understand¬ 
ing hands. Television equipment of the 
finest engineering design can transform 
the original colors of a scene into the 
lights, the darks, and the grays of an 
accurate signal relationship on.y under 
commanding and understanding hands. 
In addition to the necessity of obtaining 
good image resolution, definition, bril¬ 
liance and contrast, the engineer must 
be conscious of artistic values in both 
picture and sound. Without that con¬ 
sciousness, he is like an aetor on the 
stage who reads the lines instead of 
dramatizing them. 

It is with a humble feeling indeed 
that the author faces the challenge of 
analyzing operational problems and 
their solutions. The fact remains that 
there is no subject more in need of ex¬ 
pansion and so inexhaustible in scope. 
It is only hoped that the basic founda¬ 
tion given here will prove of service to 
the trade and inspire future contribu¬ 
tions to the field. 

6.1 First — Check the Monitors! 

John R. Meagher, writing for the re¬ 
ceiver servicing trade in the RCA Ra¬ 
dio Service News, has this to say: 
“Many TV owners are extremely 

fussy about having the circles (of a re¬ 
ceived test pattern) exactly round. 
Some of them check the circles by hold¬ 
ing a small plate in front of the screen, 
and others measure the wedges to see if 
they are equal lengths. In some TV 
areas, this makes life extremely diffi¬ 
cult for the television technicians, be¬ 
cause it is an unfortunate fact that 
some stations do not transmit good lin¬ 
earity. Also, the linearity may be dif¬ 
ferent from one camera to another. In 
one particular city, if the receiver is 
adjusted so the test pattern circle is 
round on the first station, the second 
station will be egg-shaped vertically, 
and the third station will be egg-shaped 
horizontally. . . .” 

Unfortunately, Mr. Meagher’s state¬ 
ment concerning “one certain city” is 
all too true for a number of “certain 
cities.” How does this come about? If 
the viewers were to visit the different 
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stations involved, they would find the 
appearance of the test pattern on the 
station monitors in good order. It is 
safe to say that no station intentionally 
transmits non-linearity in the signals. 

The fault is one which is just begin¬ 
ning to get its full share of attention 
among station engineers. The error has 
been in setting up and aligning camera 
chains without first checking and ad¬ 
justing all monitors in the system 
against a separate and accurate signal 
source. It is a very easy matter to com¬ 
pensate for non-linearity of camera 
sweep by an opposite non-linearity in 
monitor controls. Thus, if one camera 
chain is adjusted to obtain optimum re¬ 
sults on the monitors, and all other cam¬ 
eras adjusted in the same manner, there 
is no assurance that the transmitted 
signal is strictly linear in nature. This 
practice imposes a severe handicap on 
viewers of more than one station and on 
the receiver service technician. 

The first logical step is to perform 
size, linearity, and aspect ratio checks 
on the master monitor (usually the line 
output monitor) at the control room. 
Individual camera monitors may then 
be checked against the master monitor. 
There are two basic methods of check¬ 
ing picture monitors which are similar 
in nature: bar generator method, which 
is simply a sine-wave signal, and the 
Grating or Crosshatch generator. 

The idea in either case is to place 
horizontal or vertical bars (or both) 
upon the screen of the picture tube. In 
(1) of Fig. 6.1A, a stable sine wave 
oscillator is connected to the video am¬ 
plifier of the master monitor. The moni¬ 
tor is operated so that the sync voltage 
for the sweep circuits is taken from the 
video amplifier as when the monitor is 
used as a relay receiver monitor. The 
sweep is driven from the 60 cps and 
15,750 cps multivibrators fed from the 
video amplifier (Section 3.8), which in 
this case is receiving no signal other 
than the single frequency sinewave. 
This sine wave is therefore simultane¬ 
ously used to modulate the grid of the 
picture tube and as sync voltage for the 
picture tube sweep circuits. 

Consider the action if the sine wave 
is 60 cps. On the positive half-cycle of 
this signal, the grid of the kinescope is 
swung in the positive direction, increas¬ 
ing the raster brightness. During this 
half cycle time of 1/120 sec., the verti¬ 
cal scanning beam which is synchro¬ 
nized by the sine wave has moved about 
half way down the screen. The negative 
half-cycle now reduces the screen 
brightness. Fig. 6.1A(2) shows the re¬ 
sulting raster, consisting of two hori¬ 
zontal bars, lighv on top and dark on 
bottom. If the sweep had happened to 
sync first on the negative half-cycle of 
the applied signal, the dark bar would 
be on top and light bar on bottom. 
If the signal generator is now in¬ 

creased to some multiple of the 60 cps 
sync separator circuit of the monitor, 
but still less than the horizontal ac¬ 
ceptance circuit, a number of additional 
pairs of horizontal bars will appear 
across the raster. It is observed from 
the first example that each cycle con¬ 
tributes to the formation of one pair of 
bars, one light and one dark. Therefore 
the number of pairs of bars placed upon 
the raster is equal to the applied fre¬ 
quency divided by the scanning fre¬ 
quency (in this case the vertical scan¬ 
ning frequency), minus any pairs that 
are produced during the V retrace time. 
If 900 cps is applied, the number of 
bars produced is 900/60 = 15 pairs of 
bars. However, if the V retrace time is 
5% of the total scanning cycle, 5% of 
the above number of bars are redistrib¬ 
uted back across the pattern so fast 
that they are not distinguishable. Since 
15 pairs of bars are produced for a total 
of 30, and 5% of 30 is 1.5, 30-1.5 is 
28.5 bars visible horizontally across the 
raster. Fig. 6.1 A(3) illustrates a num¬ 
ber of bars produced in this fashion, 
which may very conveniently be used to 
check the vertical sweep linearity of the 
monitor circuits. If the bars are evenly 
spaced from one another all the way up 
and down the raster, the V sweep scan¬ 
ning motion is of constant velocity and 
therefore linear in sweep action. If the 
vertical sweep is not of constant ve-
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BAR GENERATOR MASTER MONITOR 

SINE - WAVE 
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1 
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Creates Horizontal Bars Suitable For 
Checking Vertical Scanning Linearity 
of Master Monitor Sweep. 

Signal Generator Set to Equal H 
Sweep of 15, 750 cps. Signal Generator Set At Multiple of 

H Sweep Oscillator. For Checking 
Horizontal Sweep Linearity of 
Master Monitor. 

Figure 6.1 A. 

locity, the horizontal bars will be spread 
out or crowded together, and the moni¬ 
tor V sweep linearity control must be 
adjusted until the bars become evenly 
spaced. The linearity control is vari¬ 
ously marked “V Saw,” “V Lin,” etc., 
depending upon the manufacturer. Some 
operators have practiced the actual 

measurement from the leading edge of 
one bar to the leading edge of the next 
bar, repeating this process all the way 
up and down by means of calipers or 
other means. Accurately lined transpar¬ 
ent masks to fit over the face of the pic¬ 
ture tube are sometimes used to more 
conveniently spot non-linearity. 
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If the frequency of the applied sine 
wave is made equal to or greater than 
the 15,750 cps, the frequency is sufficient 
to release and blank the beam during 
the horizontal sweep. If the applied sig¬ 
nal is equal to the 15,750 cps H sweep, 
the screen becomes brighter on the posi¬ 
tive half-cycle, and darker on the nega¬ 
tive half-cycle as shown in (4) of Fig. 
6.1A. Since a small number of thick 
bars are not sufficient to accurately 
check linearity, the frequency is in¬ 
creased in practice to 10 times this rate, 
or 157.5 kc. Therefore the number of 
vertical bars generated is 157,500/ 
15,750, or 10 pairs of bars. This means 
that 10 white and 10 black bars would 
appear if it were not for the H retrace 
time. If the retrace time is 10% of the 
total scanning time, the number of visi¬ 
ble vertical bars is 20-2, or 18 bars; 9 
white and 9 black. The effect is illus¬ 
trated in (5) of Fig. 6.1A, and may be 
seen to provide a convenient means of 
checking horizontal sweep linearity. If 
the bars are crowded on the left, for 
example, the H linearity control asso¬ 
ciated with the damper circuit should be 
adjusted, since this tube contributes to 
the sweep on the left side of the raster. 
(Section 2.3). Actually there may be 
several linearity controls here: one in 
the grid circuit and one in the cathode 
circuit of the damper tube. A linearity 
control in the discharge tube circuit 
controls the linearity of sweep toward 
the right hand side of the raster. As a 
general rule, these controls are not 
found on the front panel of the monitor, 
being located on the chassis or rear 
plate. Only the kinescope focus and 
brightness controls normally appear on 
the front panel. 

The sweep height and width controls 
on the monitor also affect the linearity 
of sweep to some extent. Thus when the 
H width control is adjusted, sweep line¬ 
arity controls must usually be adjusted 
again. The same occurs for V height 
adjustment. One linearity control nor¬ 
mally adjusts the V sweep, usually be¬ 
ing a variable resistor in the cathode of 
the V sweep amplifier stage to alter the 
grid voltage-plate current characteristic 

to compensate for the shape of the sweep 
curve. 

The inter-relation of this procedure 
for obtaining good sweep linearity with 
that of adjusting for proper aspect ratio 
may now be seen. The raster on the 
screen is adjusted to the 3 units high-4 
wide ratio, as, for example 6x8 inches 
on a 10" kinescope. As the height and 
width controls are varied, sweep linear¬ 
ity controls must be varied. As an ex¬ 
ample, adjustment of the V linearity 
control, being essentially a cathode re¬ 
sistance change, may also affect the gain 
of the V sweep amplification, affecting 
height. This points up the importance of 
carrying out the master monitor adjust¬ 
ments in conjunction with a bar signal 
superimposed upon the Taster. 

While this method is used in smaller 
stations without more elaborate equip¬ 
ment, and is satisfactory with extreme 
care and understanding, more satisfac¬ 
tory results may be obtained from com¬ 
mercial equipment especially designed 
for more rapid and accurate checks. The 
method previously described produces 
rather thick bars even with compara¬ 
tively high sine wave frequencies, and 
applies only one group of bars, either 
vertical or horizontal, at a time. Such 
equipment as the RCA Grating Gener¬ 
ator, or the Philco Crosshatch Gener¬ 
ator, provide a very thin dark line trace, 
with horizontal and vertical bars pro¬ 
duced simultaneously. Some commercial 
sync generators provide 157.5 kc and 
900 cps signals mixed with blanking 
for the purpose of monitor linearity 
tests. Such is provided on the Du Mont 
sync generator by means of a switch, 
and on the General Electric sync gener¬ 
ators appearing upon a pair of pin 
jacks on the front panel. 

The block diagram and control panel 
of the RCA Grating generator is illus¬ 
trated in Fig. 6.IB. A. negative driving 
pulse of 15,750 cps is amplified, clipped, 
and differentiated to sync a multivi¬ 
brator. The pulse output from this mul¬ 
tivibrator constitutes the vertical bar 
signal, and may be varied from 157 to 
1124 kc (see block diagram Fig. 6.1B), 
allowing 10 to 64 vertical bars to be 
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Figure ó. IB. RCA grating generator for aligning picture monitors. 
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placed upon the raster. These bars serve 
for horizontal alignment. This signal is 
amplified and fed to a mixer stage as 
shown. 

A negative driving pulse of 60 cps is 
amplified, clipped and fed to a differ¬ 
entiating circuit, to sync another multi¬ 
vibrator, the output of which is a mul¬ 
tiple of 60 cycles. It is fed to a width 
control circuit where the pulse width 
may be adjusted to 10% of the cycle 
over the entire frequency range. This 
pulse constitutes the horizontal bar 
signal, adjustable from 12 to 36 in num¬ 
ber, which is mixed with the vertical bar 
signal. Thus both the H and V bars may 
be obtained simultaneously at the out¬ 
put when desired. The mixed signals are 
held to approximately equal levels by 
the limiter stage. Output magnitude is 
adjustable to allow contrast control. 
Standard 60 and 15,750 cps signals from 
the sync generator are used to sync 
the grating generator. The standard 
blanking signal from the sync generator 
is shown connected to a polarity control 
stage, with the output taken from either 
cathode or plate circuit depending upon 
the desired polarity. Separate tubes 
having a common load combine the bar 
and blanking signals. The blanking sig¬ 
nals may be turned off when desired by 
means of the control shown on the con¬ 
trol panel. 

Blanking is used when, for example, a 
test pattern signal from a studio cam¬ 
era or from the monoscope tube (sec¬ 
tion 3.10) is to be checked for linearity 
prior to transmitting. Fig. 6.1C illus¬ 
trates this function. In this case the 
output of the grating generator is fed 
into one channel of a distribution ampli¬ 
fier rack, the monoscope camera output 
being fed to another channel. With the 
output of the two channels fed to the 
master monitor. All camera control unit 
monitors and other monitors in the sys¬ 
tem are then adjusted with the cor¬ 
rectly aligned master monitor. Quite 
often, field equipment is aligned in this 
manner prior to remote pickups. 
While monitor alignment demands a 

certain feel gained only by experience, 
the new operator may obtain just as 

accurate results by taking a little 
longer, and observing the following gen¬ 
eral routine. It is imperative that he 
first become familiar with the controls 
and their purpose of his particular 
equipment. 

It is assumed that the monitor has 
been initially set up, with picture tube 
properly positioned so that the raster is 
straight, and focusing and deflection 
coils properly aligned. It is further as¬ 
sumed that the sync generator is de¬ 
livering properly shaped and timed 
pulses to the system. After the equip¬ 
ment has been turned on for about 10 
minutes, the raster size may be checked 
for the approximately correct aspect ra¬ 
tio of 4 units wide to 3 units high. Con¬ 
trols associated with this adjustment on 
chassis or rear panel are the HEIGHT 
CONTROL, adjusting vertical size, and 
the WIDTH CONTROL, adjusting hori¬ 
zontal size. In some monitors these are 
marked “V Size” and “H Size.” In any 
case, the first adjustment is not critical 
since any adjustment of linearity con¬ 
trols will alter to some extent these 
initial adjustments. The CENTERING 
control should be set to place the raster 
in the middle of the screen. 

It is now assumed that the Grating 
generator is operating properly with 
the necessary H and V driving pulses 
and blanking signals applied, and work¬ 
ing into one channel of a distribution 
amplifier rack. The signal output of the 
monoscope camera or studio camera 
focused upon a test pattern is deliv¬ 
ered to another channel, and the com¬ 
bined outputs are being fed to the video 
signal input terminals of the master 
monitor. Both the VERT BARS and 
HOR BARS switches on the control 
panel of the Grating generator are 
“On,” and the H and V RANGE switch 
placed upon the desired range of pro¬ 
duced bars. The FREQUENCY control 
for each is then varied to result in the 
exact number of bars desired. The 
WIDTH control for each is then varied 
to give a very thin line (only 10% of the 
spacing between bars) which gives an 
excellent check on linearity of sweep. 
The polarity switch is then thrown to 

230 ■ 



Operating Studio and Control Room Equipment 

Figure 6.1C. Indian head pattern from mono-
scope camera with grating bars superimposed. 

the desired signal polarity; in this case, 
since the monoscope signal output is 
black negative, the Grating generator is 
likewise set. It is recalled that the mono-
scope (section 3.10) has two outputs, 
one for a monitor and one to feed a fol¬ 
lowing distribution amplifier. It is best 
to leave the monoscope monitor con¬ 
nected, and feed the distribution ampli¬ 
fier output to the input of the master 
monitor. This allows simultaneous align¬ 
ment of the monoscope monitor with the 
master monitor, and keeps the output 
terminals properly loaded. The output 
gains of each unit are now adjusted to 
obtain proper ratio of the two signals 
on the master monitor picture tube, as 
in Fig. 6.1C. Since the brightness of the 
two signals are added together, the 
relative output voltage will be only ap¬ 
proximately half that required if either 
signal were used alone, with the moni¬ 
tor brightness control set for normal 
operation. 
The FOCUS control on the monitor 

should now be double checked for 
proper electrical focus. The lines of 
both the bars and the test pattern 
should be as thin as possible to obtain 
by this control. The pattern should now 
be well defined, although the linearity 
may be off. Assume, for example, that 
the horizontal bars are crowded to¬ 
gether toward the top. This indicates 
bad vertical linearity. The H bars may 
also be “stretched” in the center with 
crowding at both top and bottom, or 

crowded only at bottom. In any case, 
the V Lin control of the master moni¬ 
tor must be adjusted until even spacing 
of all horizontal bars occurs. Any “bend¬ 
ing” of the bars indicates stray mag¬ 
netic fields. 
As previously pointed out, adjust¬ 

ment of the V Linearity control may 
affect the height (vertical size), espe¬ 
cially if the correction necessary is 
large. Therefore, re-adjust the HEIGHT 
control to normal. Any correction now 
necessary will be a vernier one for lin¬ 
earity, and the process is repeated un¬ 
til correct linearity aud correct V size 
occurs. 

If at this time the vertical bars are 
noted to be uneven, the horizontal lin¬ 
earity controls must be adjusted. When 
the operator becomes familiar with his 
specific monitor, the portion of the 
raster upon which H non-linearity oc¬ 
curs will provide the clue as to which 
control to adjust first, since one control 
may affect overall linearity, other H 
LIN controls affecting right and left, 
hand portions. Keep in mind that the 
control associated with the damper tube 
in the H deflection circuit affects the 
sweep on the left portion of the picture, 
and controls in the driver tube affect 
the sweep on the right side. Again, it 
may be necessary to re-adjust the 
WIDTH control to obtain the proper 
aspect ratio. 

After the sweep circuits have been 
properly adjusted by the bars, the 
monoscope or test pattern signal under 
the bars must be carefully observed. 
Interpretation of the test patterns is 
detailed in the next section; suffice it 
to say here that the monoscope camera 
or studio camera trained upon a test 
pattern may now be adjusted in lin¬ 
earity until it is properly reproduced 
on the master monitor screen, with no 
fear that some non-linearity in the 
monitor sweep is compensating an op¬ 
posite non-linearity in the camera. The 
test pattern signal may now be fed to 
the transmitter. Since it is now’ certain 
that the test pattern configuration is 
correct, the transmitter operator may 
adjust his own monitor which is across 
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the incoming line for linearity as de¬ 
termined by the test pattern signal. 
Some stations, however, make it a prac¬ 
tice to align transmitter monitors by 
the bar system also, so that any pos¬ 
sible errors in the interconnecting links 
may be noted. This monitor, then, when 
switched to the output of the trans¬ 
mitter, will detect any non-linearity oc¬ 
curring in the video transmitter. 

The test pattern signal, when once 
properly aligned by the ad justed master 
monitor, should be fed through the gen¬ 
eral control room distribution system, 
and all monitors properly adjusted to 
indicate accurate reproduction on the 
picture tube screens. 

6.2 Setting Vp the Camera Chain 

For the purpose of completeness, it 
will be assumed that the pickup head 
is to undergo the initial adjustment pro¬ 
cedure “starting from scratch.” It must 
also be assumed at this time, however, 
that the sync generator is operating 
properly and is delivering the required 
signals from a distribution amplifier to 
the camera control unit in the control 
room. Also to be assumed is that the 
camera control unit picture monitor has 
been properly aligned with the master 
monitor as suggested in Section 6.1. 

The set up of a camera chain now in¬ 
volves two components; the camera it¬ 
self, and the camera control unit in the 
control room. There is a wide latitude 
in set up procedure at the present time, 
and the discussion here is a composite 
of manufacturers hints and practicing 
operators’ suggestions. The reader will 
find some variance in practice from the 
general outline due not only to variance 
in equipment, but in individual engi¬ 
neers’ estimates of optimum methods. 

To develop greater familiarity with 
names and locations of the controls 
mentioned, Fig. 6.2A (1-3) is presented. 
The controls on the Du Mont camera 
were shown in Section 2.3. Fig. 6.2A(2) 
shows the controls on the rear of the 
RCA Type TK-30A camera. Fig. 6.2A 
(3) illustrates the field type camera con¬ 
trol unit, since the controls involved in 
pre-program setup are more clearly 

IMAGE ORTHICON TURRET MOUNTING 
MASK NUT 

Figure 6.2A. (1) Installing image orthicon tube 
in piccup head. 

shown on the front panel than is the case 
of the studio type. This field type, inci-
dently, is found in use in a number of 
control rooms. Section 6.4 which con¬ 
cerns program operation of the camera 
control unit will then consider the studio 
type for completeness of presentation. 
IT IS EXTREMELY IMPORTANT 

THAT THE READER BE FAMILIAR 
WITH THE BASIC THEORY OF 
THESE UNITS AS PRESENTED IN 
THE PRECEDING CHAPTERS BE¬ 
FORE GOING INTO THE OPERA¬ 
TIONAL FUNCTIONS OUTLINED IN 
THE FOLLOWING TEXT. 

The image orthicon tube is installed 
or removed directly behind the lens 
turret as shown in Fig. 6.2A(1). The 
tube is installed in line with the hole in 
the deflection assembly and engaged in 
the annular socket, keyed by pin No. 7. 
The white radial line on the face of the 
bulb is placed “down” and the white 
longitudinal line on the neck is “up.”* 

*Check your own specific equipment, as 
this condition could be reversed. It is 
standard for the lines to be either at top 
or bottom after installation. 
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Figure 6.2A. (2) Rear view of RCA Camera with rear doors open to show camera controls. 

The shield is then fitted into place over 
the tube opening, the turret slipped on 
the turret shaft and locked with the 
turret locking nut. The diheptal socket 
is then placed on the 14-pin base. 

Upon initial setting and checking of 
voltages applied to the socket terminals, 
it is most convenient to remove the 
image orthicon tube so that damage is 
not possible to the orthicon upon initial 
voltage adjustments, that may not be 
normal. The side and rear hinged covers 
are opened, and all sweep controls 
placed in the middle of the operating-
range, except the HEIGHT and WIDTH 
controls. These should be set at maxi¬ 
mum sweep. (The reason for this is 
pointed out later). 
The first adjustment is one which 

seems to be universally agreed upon, 
since it is the basic adjustment upon 
which all further alignment procedure 
depends. This is the adjustment for 65 
to 75 milliamperes focus coil current. 

Du Mont cameras of the 5098-A type 
should have 65 ma; the RCA cameras 
should be adjusted for 75 ma focus coil 
current. This is measured by inserting 
a 0-150 ma meter in jacks provided 
either on the camera head, control unit, 
or power supply. No attempt should 
then be made in the subsequent align¬ 
ment to alter performance by varying 
this current. This is so because the 
focus field developed by the focus coil 
current determines both the orthicon 
focus voltage (the beam focus at the 
long cylindrical wall coating G-4) and 
the image focus (at the photocathode of 
the image orthicon). Therefore, any 
change in this value requires re-ad¬ 
justment of all other controls which are 
normally used in aligning the camera 
chain. Focus coil current is usually vari¬ 
able by a screwdriver adjustment con¬ 
trol on the power supply chassis. 
The IMAGE FOCUS control on the 

camera control unit, observe Fig. 6.2A 
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(2 & 3) during following discussions, 
may now be adjusted so that, in con¬ 
junction with the standard value of 
focus coil current, the voltage at the 
photocathode terminals is approxi¬ 
mately 450 volts (negative). This may 
be measured at the terminal strip in 
the pickup head. 

If the camera employs a high voltage 
switch adjustment in the pickup head, 
it should be set to 1250 or 1500 volts, 
depending upon type of image orthicon 
used. (Section 2.2). This voltage should 
be checked with a 20,000 ohm/volt meter 
at the proper terminals on the terminal 
strip. 
The TARGET voltage control on the 

camera control unit should be turned 
to zero, or extreme counter-clockwise. 
Set the ORTH FOCUS (orthicon 

focus) control on the camera control 
unit so that, in conjunction with the 
standard focus coil current, the voltage 
at the wall coating (Grid-4) terminal of 
the image orthicon is plus 180 volts. 

Set the Decelerator (G-5) voltage to 
approximately plus 25 volts. This con¬ 
trol in the RCA camera is available 
through the hinged door on the right 
side of the pickup head. 

Figure 6.2A. (3) Front view of operating con¬ 
trols on RCA field type camera control unit. 

As an initial start, adjust MULTI 
FOCUS (multiplier focus, or G-3 in 
image orthicon) to approximately plus 
200 volts. 
Turn the ALIGNMENT coil current 

potentiometer on the rear of the pickup 
head to zero, or extreme counter-clock¬ 
wise. 
Turn BEAM current control extreme 

counter-clockwise (maximum bias on 
orthicon G-l). 

Install the image orthicon tube as de¬ 
scribed previously. Turn on all equip¬ 
ment and allow to heat for at least 30 
minutes prior to the rest of the align¬ 
ment procedure. It would be very con¬ 
venient at this time for the beginner to 
review all of sections 2.2 so that the 
functions of the various elements of the 
image orthicon tube will be fresh in his 
mind. 

Before the camera is first turned on, 
the lens are capped with a lens cover so 
that no light is allowed to fall upon the 
photocathode of the orthicon. It is also 
common practice to leave the lens 
capped in this way during the prelimi¬ 
nary alignment adjustments which im¬ 
mediately follow. Although some oper¬ 
ators prefer to train the camera upon 
the test pattern immediately and start 
adjustments to result in clear transmis¬ 
sion of the test pattern signal, the more 
precise method (especially for the 
“freshman”) is as follows. 

First to be considered is the align¬ 
ment of the scanning beam from the 
electron gun to the target. The neces¬ 
sity for this arises from the fact that 
some slight mechanical misalignment of 
the electron gun with respect to the 
longitudinal axis of the tube causes a 
tilting or swirling image when no cor¬ 
rection is applied. This correction takes 
the form of a current passing through 
an alignment coil, which is around the 
neck of the tube adjacent to the elec¬ 
tron gun emitter, and is rotatable by 
means of a slot through which a non¬ 
magnetic screwdriver may be inserted 
to turn the coil. The current through it 
is termed the alignment coil current and 
is varied by the control shown on the 
rear of the pickup head. It is recalled 
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that this adjustment is started from 
zero value. 

This adjustment, as do all adjust¬ 
ments in the camera chain, requires 
close co-operation between the camera 
operator and the camera control unit 
operator. The viewfinder H and V sweep 
size and brightness controls are ad¬ 
justed to obtain a raster, with contrast 
(gain) control full open and the camera 
preamp gain control full open. The 
camera control unit operator also ad¬ 
justs his picture monitor to cbtain a 
visible raster of the approximately cor¬ 
rect aspect ratio. (This is normal if the 
monitor has been checked against the 
master monitor previously). The BEAM 
current control on the camera control 
unit, which actually sets the bias of 
G-l on the image orthicon, is now 
slowly turned up (clockwise) until 
“noise” (salt and pepper appearance) 
is visible on the viewfinder and control 
unit monitors. (The lens should be 
tightly capped during this procedure). 
The TARGET control on the control 
unit is now also turned up, until spots 
appear on the monitor screens. The 
MULTI FOCUS control may have to be 
varied slightly to make them clearly 
visible. These are known as “dynode 
spots” which result from the first dy¬ 
node of the electron multiplier when no 
light falls upon the photocathode. The 
control unit operator now adjusts his 
ORTH FOCUS control (remember that 
this affects the wall-coating G-4 in con¬ 
junction with the crossfield from the 
focus coil) until he obtains the best 
“focus” of the spots. This means that 
the spots are made as small as possible 
by this adjustment. He then rotates this 
control right and left through “optimum 
focus” and notes the action of the spots 
on the picture tube. If the electron beam 
is properly aligned, the focus of the 
spots will change, or they may become 
elongated in one direction with rotation 
of the ORTH FOCUS in one direction, 
and elongated in the opposite direction 
when the control is varied in the other 
direction. In either case, assuming per¬ 
fect beam alignment, the spots will 
stand still. 

If the beam is not traveling straight 
down the axis of the tube, these spots 
will rotate or “swirl” around as the 
ORTH FOCUS control is varied through 
optimum focus position. If an image 
were being transmitted, a tilt would oc¬ 
cur upon any slight change in constants 
involved. The first procedure now in¬ 
volves the camera operator, w’ho begins 
to increase the ALIGNMENT coil cur¬ 
rent control. Actually, very little cur¬ 
rent should be necessary, and if an ad¬ 
justment throughout the full range of 
the control does not alter the travelling 
condition of the spots as the control unit 
operator varies the ORTH FOCUS con¬ 
trol on his unit, the alignment coil it¬ 
self must be rotated by means of a 
screwdriver. (See Fig. 8.9D, Chapter 8). 
This is carried out in practice by the 
camera operator who turns the coil 
while simultaneously increasing the 
ALIGNMENT control in small steps. A 
certain position of the coil and current 
control will be hit where the spots stand 
still as the ORTH FOCUS control on 
the control unit is varied. The scanning 
beam is now properly aligned between 
gun and target. It will be noted at this 
time that the dynode spots change focus 
with a variation of the ORTH FOCUS 
control, but do not have a tendency7 to 
travel around the screen. 

It is important to point out at this 
time that there is no standard termi¬ 
nology for controls on pickup heads and 
control units. On the Du Mont control 
unit, for example, the IMAGE FOCUS 
mentioned previously is termed the PC 
FOCUS (photocathoce focus), and the 
ORTH FOCUS is termed the BEAM 
FOCUS. It is therefore very important 
for the reader to associate each control 
with the action on the orthicon so that 
principles of equipment set up are bet¬ 
ter visualized. Fig. 6.2B is presented to 
emphasize the purpose of the controls, 
and should be observed during the fol¬ 
lowing outline of set up procedure. 

The station test pattern is now placed 
upon an easel in the studio at the same 
height as the camera lens. The test 
pattern is normally imprinted upon a 
card 18 x 24 inches. A spirit level is 
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CAMERA CONTROL UNIT 
I HELD TYPE) 

NOTE: The second control from top on right-hand side (marked PROJ), is used to control 
the gain af a small projector for slides or closed film loops attached in place of one of the 
lens. In the RCA field-type camera, this position is occupied by the SHADING control, since 
the field camera-control unit does not contain a shading control. In the RCA studio camera 
shown above, the shading control is in the studio type camera control unit, described in 
Section 6.4. 

Figure 6.2B. Purpose of camera and control unit controls. Viewfinder and monitor controls not 
shown. (RCA terminology on controls.) 

used to obtain exact level of both the 
card and the camera lens. The turret-
to-pickup tube alignment is such that 
the lens on top is the one in front of 
the pickup tube. The pattern is illumi¬ 
nated with at least 20 foot-candles of 
light for the 5820 or 2P23 pickup tube. 
The camera is set for approximate op¬ 
tical focus by the knob on the side of 
the pickup head, and the iris of the lens 
used should initially be adjusted to a 
very small opening such as f:16 or 
f:22. 

It should now be recalled that one of 
the initial adjustments mentioned ear¬ 
lier was that of turning the HEIGHT 
and WIDTH sweep controls to maxi¬ 
mum. This condition is termed over¬ 
scanning the target, and is used in all 
initial adjustments and even to a small¬ 
er extent during long rehearsals. The 
reason for this is to prevent under¬ 
scanning, which can seriously damage 
the sensitive area of the target since 

this area which has been underscanned 
over a very long period will become 
visible in the picture when full-sized 
scanning is restored to operation. What 
actually happens is that the target 
underscanned area changes in target 
cutoff voltage value (discussed later) 
from that amount of the area which is 
not scanned. Thus the smaller “raster” 
becomes visible in the picture for nor¬ 
mal scanning. 
The reader should at this time ob¬ 

serve what happens upon either under¬ 
scanning or overscanning conditions, 
since these characteristics are delib¬ 
erately used for short periods of time 
in certain tests as pointed out later. 
Assuming that the monitor and view-
finder has been checked for normal 
operation and raster size as outlined in 
section 6.1, if the target is under¬ 
scanned, this sweep is spread out across 
the monitor screen by its own normal 
sweep amplitude adjustment, resulting 
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Figure 6.2C. Appearance of test pattern on 
properly aligned monitor tube when target is 
underscanned horizontally. Courtesy WFBM-TV. 

nt a larger-than-normal picture. For 
example, if the target is underscanned 
in the H direction, the image appearing 
on the properly aligned monitor screen 
will appear as in Fig. 6.2C. Actually, 
this photo illustrates only a slight 
amount of underscanning, and this 
amount could be increased until only a 
portion of the center of the test pattern 
appeared, spread out across the raster 
of the monitor tube. This is sometimes 
deliberately done by the operator for a 
very short period to closely examine 
the vertical characteristics of the sweep 
circuits. If the target is underscanned 
vertically by the V HEIGHT sweep con¬ 
trol, the image appears as in Fig. 6.2D. 
This is also sometimes deliberately done 
to examine the raster for proper inter¬ 
lacing. Overscanning the target pro¬ 
duces a smaller-t han-normal picture on 
the monitor screen. 

Normal adjustments for the HEIGHT 
and WIDTH sweep controls are deter¬ 
mined after some semblance of a pic¬ 
ture is obtained in initial setup, by 
bringing the controls back from maxi¬ 
mum position by an amount to cause 
the corners of the target to just disap¬ 
pear. This is the NORMAL, or ON-AIR 
scan, also termed full-scan. For the rest 
of the set up procedure, however, it is 
advisable to use a little more overscan¬ 
ning for reasons already mentioned, and 
the corners of the target should be 
visible in the picture. 

It was necessary to present the above 

discussion a little ahead of the actual 
sequence of events in camera chain set 
up. It is recalled that the procedure has 
included only the alignment of the elec¬ 
tron beam, progressing to the point 
where a picture of the test pattern is to 
be attempted. The BLANKING control 
on the control unit should be adjusted 
with applied video signal so that the 
pedestal height is normal on the wave¬ 
form scope as outlined in section 3.5. 
The preamp GAIN control on the pickup 
head is already full on. The GAIN con¬ 
trol of the intermediate video amplifier 
on the control unit should be at approxi¬ 
mately mid-position. 

The camera control ur.it operator may 
now increase the BEAM control, re¬ 
ducing the bias on G-l until the picture 
appears. Initially, there may be more 
“noise” than test pattern signal. When 
this occurs, the operator r aises the TAR¬ 
GET voltage until the picture-to-noise 
ratio improves. The voltage on G-3, which 
is the MULTI FOCUS control on the con¬ 
trol unit, may have to be changed from 
the initial setting of 200 to 225 volts 
before the picture improves. This con¬ 
trol should be varied for maximum 
video amplitude as indicated on the 
waveform oscilloscope. It should now be 
varied to judge the effect on picture 
shading, since this control affects shad¬ 
ing to some extent. Shading may be esti¬ 
mated better on the waveform scope than 
by picture observation especially in the 
initial stages of adjustment where the 

Figure 6.2D. Appearance of test pattern on 
properly aligned monitor tube when target is 
underscanned vertically. Courtesy WFBM-TV. 
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picture is not yet perfect. Optimum 
shading occurs when the video on the 
waveform scope (for test pattern sig¬ 
nal) is as nearly uniform in level as 
possible. It may be found in practice 
that optimum shading does not occur at 
the point of maximum signal. Usually 
this variation is slight, and the MULTI 
FOCUS is adjusted just to one side of 
maximum signal where optimum shad¬ 
ing does occur. (More on this later). 

If the video is still noisy, the camera 
operator tries to improve the picture by 
checking optical focusing, and increas¬ 
ing the lens iris opening to a wider 
stop. The control unit operator then 
readjusts BEAM current to attempt a 
compromise between brilliance of pic¬ 
ture and r.oise level. The TARGET 
voltage control is varied to obtain opti¬ 
mum results. A target voltage too low 
washes out the picture. If too high, the 
operator may note a “swirl” effect as if 
the picture were under water. At this 
time, the operator adjusts BEAM cur¬ 
rent and TARGET voltage simultane¬ 
ously to obtain the best possible repro¬ 
duction. 

The picture may then be further im¬ 
proved for sharpest focus by slight re¬ 
adjustment of ORTH FOCUS (G-4 
voltage) and IMAGE FOCUS (photo¬ 
cathode voltage). The camera operator 
may then need to vary the IMAGE ACC 
(G-6) control for maximum results and 
minimum “S” distortion (illustrated 
later). This voltage should be in the 
vicinity of 80% of the photocathode 
voltage. (Section 2.2). 

After optimum results have been ob¬ 
tained by the above procedure, it may 
occur that the test pattern is fairly good 
except at the corners, where bad resolu¬ 
tion may be apparent. It should be re¬ 
called that the Decelerator (G-5) af¬ 
fects the corners of the raster, and was 
initially adjusted to plus 25 volts. This 
control (on the right-hand side in RCA 
cameras) should now be varied by the 
camera operator until the corner resolu¬ 
tion is as near equal to the center of the 
picture as possible. 

After a semi-satisfactory reproduc¬ 
tion is achieved by this procedure, the 

“refinements” of adjustment for best 
possible transmission come into prac¬ 
tice. It is necessary here for the reader 
to be thoroughly familiar with inter¬ 
pretation of test patterns. 

The television transmitter committee 
of the RTMA has developed a standard 
test pattern to check all important fea¬ 
tures of both studio-transmitter facili¬ 
ties and receivers. This chart is illus¬ 
trated in Fig. 6.2E, with the addition 
of explanatory letter symbols for the 
most commonly used features. Getting 
acquainted with the characteristics of 
this chart will serve to familiarize the 
reader with any chart likely to be used 
by stations in practice. Although there 
are other features that, may be checked 
by this chart, the 4 basic conditions may 
be measured as listed below. Other points 
will be mentioned later in their place. 
Actual use of the test pattern in align¬ 
ing the camera chain is also described 
after this brief introduction. 

(1) SCANNING. Adustments here in¬ 
volve size, linearity of sweep and aspect 
ratio. With the chart focused so that its 
area (boundaries determined by the 
white arrows shown along the edges) 
exactly covers the usable area scanned 
by the camera, and the resulting picture 
observed on a properly aligned monitor, 
an accurate setting of the aspect ratio 
of the pickup camera is obtained. The 
4 shading strips form a square with cor¬ 
rect aspect ratio. 

Now observe points (C) in Fig. 6.2E. 
These vertical bars in the center and 
each side of the pattern serve to check 
horizontal linearity. The camera H 
sweep is adjusted by comparing the 
spacing of the vertical bars in the 
square at each side of the pattern with 
that of the bars in the center square. 

Vertical sweep linearity is adjusted in 
a similar manner by comparing the 
spacing of the short horizontal bars at 
both top and bottom of pattern with 
that of the bars midway between (point 
D in Fig. 6.2E). 

(2) SHADING. This factor is judged 
in a combination of two ways. By visual 
inspection of the reproduced test pat-
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Figure 6.2E. RTMA Television resolution chart. 

tern signal on the monitor screen to 
determine if the background is an even 
gray, and by noting whether the aver¬ 
age picture axis is parallel to the “black 
level” line on the oscilloscope waveform 
monitor. (Section 3.5.) This means that 
the tops of the waveform on the moni¬ 
tor scope should be relatively flat, form¬ 
ing a line parallel to the lines on the 
screen. 

(3) PHASE SHIFT. An effect of 
“streaking” immediately before and 
after the four horizontal black bars (2 
at top and 2 at bottom) of the large 
circle is an indication of high or low 
frequency phase shift in the video am¬ 
plifiers. If such is noted, the camera and 
control unit operators may affect slight 
adjustment of the “high peaker” stage 
(usually a screwdriver adjustment on 
the amplifier chassis), which changes 
the value of resistance across the peak¬ 
ing coil. If this does not remedy the 
condition, maintenance procedures are 
necessary as described in Chapter 8. 
This phenomena is usually caused from 
phase distortion in the low-frequencies. 

(4) FOCUS. There are two conditions 
of focus, optical and electrical. Either 
one affects the resolution, or amount of 
fine detail in the picture. All electrical 
controls associated with focus are ad¬ 
justed for maximum resolution read¬ 
ing. The fan shaped wedges, A and I? 

of Fig. 6.2E, in both horizontal and 
vertical directions are composed of lines 
whose width and spacing gradually de¬ 
creases as the lines approach the center. 
Observing the point at which the lines 
are no longer distinguished from one 
another gives an estimate of the “re¬ 
solving power” of the system under 
test. It is observed ihat numbers are 
adjacent to these wedges, which indi¬ 
cate the corresponding number of lines 
being reproduced. For example, if the 
lines on the vertical wedge in the upper 
portion of the large circle “merge” op¬ 
posite the number 4B0, the horizontal 
resolution may be taken as 400 lines. 
Similarly, if the individual lines of the 
horizontal wedges were indistinguish¬ 
able below the number 300, the vertical 
resolution is 300 lines. Corner resolu¬ 
tion, which is usually less than resolu¬ 
tion through the center of the picture 
is determined by similar wedges in the 
four corner circles of the pattern. Prac¬ 
tical limitations of present TV systems 
allow a maximum resolution of about 
360 lines vertically and 425 lines hori¬ 
zontally (section 2.3). 
We may now proceed with the set up 

of the camera and camera control unit. 
If the operators have repeated the fore¬ 
going process until no further improve¬ 
ment occurs, and if the picture is still 
“noisy” oi- inferior in content, the cam¬ 
era high-voltage tap switch should be 
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Figure 6.2F. Horizontal sweep non-linearity. 
Courtesy WFBM-TV. 

reduced to the 1000 volt setting. Image 
Orthicon characteristics given in sec¬ 
tion 2.2 indicate a high voltage range 
between types of tubes from 1250 to 
1500 volts. However, there is some dis¬ 
crepancy in individual orthicons of the 
same type, and overloading of the dy¬ 
node section does occur in some in¬ 
stances with the normal high voltage 
applied. If the picture is improved by 
the lower voltage setting, leave the tap 
on this setting. 

The reproduced test pattern should 
now be sufficiently good to allow lin¬ 
earity adjustments. Readjust the 
HEIGHT and WIDTH controls on the 
camera for the approximately correct as¬ 
pect ratio, remembering to continue a 
slight overscan so that the picture on 
the aligned monitor is slightly less-
than-normal dimensions. Observe the 
test pattern for horizontal linearity. 
Bad horizontal linearity is indicated as 
in Fig. 6.2F. In this specific case, most 
of the non-linearity is occurring at the 
left and center of the sweep crowding 
the center circle into an oval. In the 
RCA system there are two linearity con¬ 
trols for the H sweep, only the one on the 
left rear of the camera illustrated here 
This control is in the damper tube cir¬ 
cuit, hence mainly affects the sweep on 
the left side of the raster. The other 
H LIN control reached through the left¬ 
side hinged door (see Fig. 7.3, Chapter 
7) is in the driver tube circuit, and af¬ 
fects the sweep through the center and 
right-side. The operator will find ir 
practice that both these controls need 
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Figure 6.2G. Vertical sweep non-linearity. 
Courtesy WFBM-TV. 

adjustment simultaneously for corree 
tion of H linearity. Also as pointed ouï 
earlier, the WIDTH control on the cam¬ 
era will need to be readjusted.* In the 
specific case illustrated by Fig. fi.2F, 
the control shown on the rear of the 
camera, H LIN, in conjunction with the 
WIDTH sweep control, is usually suf 
ficient to correct the linearity. 

If the pattern should appear as in 
Fig. 6.2G, it is necessary to adjust the 
VERT LIN control on the camera. Ad¬ 
justment of this control in conjunction 
with the HEIGHT control should result 
in correcting this V non-linearity. If 
repeated adjustments of linearity con¬ 
trols does not result in proper pattern, 
the camera is turned over to the main¬ 
tenance department for checking 
(Chapter 8). 

*The complete schematic of the RCA 
camera and technical details are in¬ 
cluded in section 8.9. 

Figure 6.2H. Bad optical or electrical focus. 
Courtesy WFBM-TV. 
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During these procedures, the center¬ 
ing controls, VERT CENT and HOR 
CENT, are adjusted to center the pat¬ 
tern. At this point, then, proper linear¬ 
ity has been achieved and the 3 to 4 
aspect ratio has been established. 

At this time and during all of this 
procedure, the camera operator assures 
that this optical focusing is correct by 
going through maximum focus with the 
knob on the side of the camera which 
runs the image orthicon tube and coil 
assembly on tracks behind the lens. All 
controls which affect electrical focus 
should be adjusted only under the as¬ 
surance that optical focus is optimum. 
Fig. 6.2H illustrates the fuzzy appear¬ 
ance of the test pattern with improper 
focus, either optical or electrical. If 
focusing trouble is encountered, the 
operator should check to ascertain that 
focusing current through the coil is of 
such direction that a north-seeking pole 
is a'tracted to the image end of the fo¬ 
cusing coil. 

From an initial start, the operator 
will discover that best focus is first ob¬ 
tained through the central portion on 
the test pattern reproduction. He may, 
for example, obtain about 400 lines res¬ 
olution horizontally as indicatec by the 
center resolution bars, but only about 
300 lines H resolution in the corner in¬ 
dicators. Some difference must be ex¬ 
pected between center and corner reso-
luation, but if the difference is great, 
the camera operator must attempt bet¬ 
ter results by adjustment of G-6 volt¬ 
age (IMAGE ACC) control, and G-5 
control. The corner patterns should be 
well within the monitor mask with over¬ 
scanning in the camera, and should be 
closely observed as IMAGE ACC and 
G-5 controls are varied for maximum 
corner resolution. It is noted that as 
G-5 is varied over a very wide range, 
optimum shading condition is departed 
from as indicated on the waveform os¬ 
cilloscope. Therefore the MULTI FO¬ 
CUS control must again be touched up 
for maximum level and optimum shad¬ 
ing as described previously. Also, most 
modern cameras and/or control units 
use special shading circuits in addition 

to G-3 (MULTI FOCUS). See section 
3.4. In the RCA system, a horizontal 
shading knob is accessible on the studio¬ 
type camera control unit.* These should 
be adjusted for maximum shading re¬ 
sults as judged on the picture monitor 
and oscilloscope. When once adjusted 
for a particular image orthicon tube, 
no further adjustments need be made 
under program conditions. This is one 
major advantage over the iconoscope 
type tube which requires continual ad¬ 
justment of shading of more compli¬ 
cated combinations of correcting wave¬ 
forms (section 2.6 and 6.7). 
The IMAGE ACC control (G-6 volt¬ 

age) mostly affects an “S” type of dis¬ 
tortion as indicated in (1) of Fig. 6.21. 
This is most noticeable on a straight 
line through the center of the picture, 
such as the horizon or. a flat landscape 
scene, but may also be observed at the 
top and bottom edges of the raster. Ad¬ 
justment of this G-6 control fixes the 
ratio of photocathode to image accelera¬ 
tor voltage, and when correct, no such 
distortion occurs. In (2) of Fig. 6.21 is 

*Later changes in RCA equipment 
including both horizontal and vertical 
shading are described in section 8.9. 

”S” type of distortion caused by improper adjust¬ 
ment of IMAGE ACCELERATOR control on the 
camera. This control adjusts the ratio of photo¬ 
cathode to image accelerator voltage. The effect 
is most noticeable on a straight line through the 
center of the raster. The appearance is that of 
an ”S" on its side. 

Type of ’’ S' distortion caused by low-frequency 
modulation (such as 60 cycle) of the horizontal 
scanning beam in the camera. The effect is most 
noticeable at the edges of the raster, but also 
affects the picture content through the entire 
raster. 

Figure 6.21. 
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Figure 6.2J. Scanning tilt caused by improper 
positioning of deflection yoke in camera. Cour¬ 

tesy WFBM-TV. 

illustrated a different type of “S” dis¬ 
tortion caused by low-frequency modu¬ 
lation of the horizontal scanning beam. 
Where this type of distortion occurs, 
the camera should be turned over to the 
maintenance department (Chapter 8). 
One characteristic which actually 

may have been apparent from the start 
is that of a “tilted picture.” In this case 
we are not concerned with the tilting or 
traveling that takes place when the 
ORTH FOCUS control on the control 
unit is varied under improper align¬ 
ment conditions. It is assumed here 
that the camera has undergone proper 
beam alignment as described previ¬ 
ously, but that the pattern image is 
tilted as in Fig. 6.2J. It must be assured 
that the pattern is level with the cam¬ 
era lens horizontal axis by means of a 
spirit level as stated before. This con¬ 
dition indicates a scanning tilt, caused 
by improper positioning of the image 
orthicon yoke assembly. Therefore it is 
necessary to rotate the yoke for proper 
alignment of the scanning with the hor¬ 
izontal raster. It should become appar¬ 
ent now why initial beam alignment 
procedures as described in the first part 
of this section are so important. 1)0 
NOT ADJUST SCANNING TILT BY 
ELECTRICAL FOCUSING CON¬ 
TROLS. 

It should also be pointed out at this 
time that the camera should not be left 
trained on a test pattern or any fixed 
object over too long a period of time. 
The reason for this is that a “burn-in” 
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tendency occurs which places the pat¬ 
tern permanently on the photosensitive 
surface of the tube. A camera being 
aligned by this procedure should be left 
on the pattern only about 10 minutes 
at a time, then given a short rest with 
lens capped. Some operators have found 
it advisable to train the lens on a white 
or matte surface, illuminated with a 
low-intensity light, for a few minutes 
at intervals of the alignment proce¬ 
dure. The “sticking picture” effect also 
points up the importance of allowing 
the tube to reach optimum operating 
temperatures before uncapping the lens 
(section 2.2), since the high electri¬ 
cal resistivity of the glass target at 
lower-than-normal temperatures en¬ 
courages retention of scene. 

We are now ready to examine the two 
controls which most affect picture qual¬ 
ity after initial alignment procedures 
are completed. These controls, found on 
the front panels of the camera control 
units, indicating constant attention 
during actual programming, are the 
BEAM and TARGET controls. For a 
given scene, lighting conditions and lens 
iris opening, there is an optimum ratio 
of target voltage to beam current. Since 
these conditions change from time to 
time in almost any program, the cam¬ 
era control unit operator must be ever 
alert to the functioning of these con¬ 
trols. 
To better understand the TARGET 

and BEAM controls in relation to the 
image orthicon, the reader should be 
familiar with the typical signal output 
curves as illustrated in Fig. 6.2K. These 
curves show a typical output signal cur¬ 
rent in microamperes as a function of 
the highlight illumination on the photo¬ 
cathode of the image orthicon. It should 
also be realized by the operator that 
these curves are not immutable; for 
example the “knee” of the type 5820 
may occur at values of highlight illu¬ 
mination on the photocathode ranging 
from the 0.01 foot-candles shown, to 
about 0.02. This variance between tubes 
of the same type emphasizes the im¬ 
portance of “matching” the cameras of 
any studio pickup. It is noted that sig-



Figure 6.2K. 
Typical signal output curves of image orthicon tubes. Courtesy RCA. 
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nal output is linear over a logarithmic 
scale, and the image orthicon may 
therefore be considered to have a 
gamma of 1 (Section 5.5). 

Suggestions on image orthicon opera¬ 
tion as prepared by the Tube Depart¬ 
ment of the RCA Victor Division con¬ 
tain the following comments: “For the 
most natural appearance of televised 
subjects or scenes, it is recommended 
that the image orthicon be operated so 
that the highlights on the photocathode 
bring the signal output slightly over the 
knee of the signal-output curve for the 
particular type of illumination utilized. 
The knee is that point where the signal 
from the highlights begins to drop ap¬ 
preciably as the lens opening is de¬ 
creased in size. Operation at this point 
is especially important for studio pick¬ 
up in order to obtain the best gray-scale 
in the picture and to reduce the possi¬ 
bility of image retention. Operation 
further along on the horizontal part of 
the curve will give pictures in which 
the subject has an overemphasized out¬ 
line.” 

So that the reader may picture in 
his mind the effect of beam current and 
target voltage on picture quality, it is 
pertinent to start with the assumption 
that the foregoing alignment procedure 
has resulted in a good reproduction of 
the test pattern signal. At this time, 
then, as the scanning beam sweeps the 
portions of the target containing the 
black part of the test pattern, all of the 
electrons are returned to the miltiplier 
section in the return beam. Conversely, 
as the scanning beam sweeps the high¬ 
light portions of the test pattern, only 
a small fraction of the electrons return 
since most of them are collected by the 
positive charge at that point on the 
target. Therefore, the percentage modu¬ 
lation of the beam is high, and good 
signal-to-noise ratio exists. 

Suppose at this time that the camera 
control unit operator deliberately in¬ 
creases the beam current. As before, all 
of the electrons are in the return beam 
for black portions of the scene. In the 
highlights, however, only that number 
of electrons necessary to neutralize the 

positive charge of the target will be 
extracted. Since the beam current has 
been increased, only a small percentage 
of electrons in the total beam will be 
removed, and the return beam will be 
relatively high even for the highlights. 
The percentage modulation has now 
been drastically reduced. Since the 
beam noise increases as the square root 
of beam current, the signal-to-noise 
ratio is severely reduced. If the beam 
current is decreased from optimum 
value for a given scene and lighting 
conditions, it may be seen that the cur¬ 
rent is not sufficient to “hold down” or 
discharge the highest highlights, and 
severe “blooming” is noticed on the 
monitor in the runaway light portions. 
Therefore, the operating rule for 

beam current shapes up as follows: for 
best signal-to-noise ratio, use just 
enough beam current to discharge the 
highlights in the given scene, deter-
mined by contrast ratio, reflectance of 
objects in the scene, amount of light, 
and lens iris opening. Under controlled 
studio lighting, producers strive to hold 
the contrast ratio within 30 to 1. 

As was stated before, for any given 
scene and value of illumination, an opti¬ 
mum ratio between beam current and 
target voltage exists. Therefore any 
change in scenic characteristics calling 
for a change in either one, simultane¬ 
ously calls for a change in the other. 
The range of the target voltage con¬ 
trol is never more than —5 to +5 DC 
volts. To illustrate the action of target 
voltage, suppose the camera control 
unit operator deliberately reduces the 
target voltage (makes more negative) 
from an optimum value which was giv¬ 
ing a good reproduction. As the target 
receives more negative potential, a 
point is reached where all of the elec¬ 
trons in the beam current are repelled 
to the return beam and the picture dis¬ 
appears. This then is the cut-off volt¬ 
age required for the target in this par¬ 
ticular image orthicon tube. (This 
value varies even between tubes of the 
same type.) Actual target cutoff volt¬ 
age is influenced by the amount of light 
reaching the photocathode. If now the 
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target voltage is raised to just a frac¬ 
tion of a volt above cut-off until the pic¬ 
ture just reappears, it will be noticed 
that the gray-scale is severely com¬ 
pressed with very poor resolution. With 
this low target voltage, relatively few 
of the total beam electrons are required 
to neutralize the “light” portions, and 
signal-to-noise ratio is therefore very 
low, as in the above example of too 
high beam current for normal target 
voltage. 

It may now be realized that the more 
positive the target, the more the beam 
current required to discharge the high¬ 
lights. increasing both target voltage 
and beam current increases the sensi¬ 
tivity and output of the image orthicon 
up to a certain point. The upper limit 
from this standpoint is reached when 
the output ceases to increase, and reso¬ 
lution deteriorates. Output ceases to in¬ 
crease at the knee of the output curve. 
Resolution decreases with higher beam 
current due to the inability of main¬ 
taining a well-focused spot for dis¬ 
charge of the highlight detail. It is also 
recalled that beam noise increases with 
the square-root of the beam current. 

In studio practice where the lighting 
is under control at all times, as well as 
the contrast ratio of the scene to be 
televised, it has been found that opti¬ 
mum value of target voltage is from 
1.8 to 2.2 volts above cut-off voltage. 
For example, if a certain image orthi¬ 
con has a target cut-off point of •—1 
volts (for a given scene), approxi¬ 
mately plus 1 volt on the target will 
result in optimum results. If the cut-off 
point is 0, approximately plus 2 volts 
on the target is required. The beam cur¬ 
rent is then adjusted so that the high¬ 
est highlights are adequately dis¬ 
charged (do not bloom on the screen) 
with optimum signal-to-noise ratio and 
best resolution of fine detail. The opera¬ 
tor may find in practice a pash-button 
key located on the camera control unit 
which allows quick check of optimum 
target voltage. The key is depressed 
and the target is adjusted for cutoff 
(picture disappears) and upon releas¬ 
ing the key, an increment of about 2 

volts is automatically added to the tar¬ 
get. Such adjustment is carried out 
when the particular camera is not on-
air. Since actual target cutoff is related 
to the amount of light reaching the 
photocathode, adjustment is required 
upon a distinct change in scenic con¬ 
tent, light, or lens iris adjustment. The 
beam current must then be re-adjusted 
for optimum picture quality. (Opera¬ 
tional details in section G.4.) 

In the setup of camera chains, it is 
important not only that each individual 
camera is accurately aligned to a pre¬ 
viously aligned master monitor, but also 
that the image orthicon tubes in all 
cameras involved be “matched” in op¬ 
erational functionings. Matching of two 
or more camera chains is definitely not 
necessarily accomplished by using the 
same type pickup tubes and adjusting 
the linearity of sweeps against a prop¬ 
erly aligned master monitor. To avoid 
noticeable difference in picture quality 
when switching from one camera to an¬ 
other it is necessary that the tubes be 
balanced in color sensitivity, light sen¬ 
sitivity, saturation point and contrast 
range. 

Special equipment has been developed 
to facilitate the alignment and match¬ 
ing of camera chains. One of these is 
illustrated in Fig. 6.2L. This is the 
Video Analyzer developed by Dr. Frank 
G. Back of the Back Video Corporation. 
The device consists of a low Kelvin in¬ 
candescent light source, a precision 

Figure 6.2L. (1) Video Analyzer. Courtesy Back 
Video Co'p. 
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Figure 6.21. (2) Test patterr of Video Analyzer. Courtesy Back Video Corp. 

transparent test pattern, Fig. 6.2L(2), 
and a calibrated correction lens mounted 
in a light-weight metal housing having 
a telescoping barrel that fits directly 
on the TV camera’s 90mm lens. A spirit 
level on top of the housing allows easy 
adjustment of the built-in test pattern 
for perfect horizontal alignment. 
The Video Analyzer is mounted di¬ 

rectly on the 9()mm Ektar lens with the 
power plug connected to any 115-volt 
source such as the utility outlet on the 
camera itself. The test-pattern is illu¬ 
minated by pressing a spring-tension 
hand switch. Since this equipment is 
used in well over 50% of the stations 
now on the air, and the popularity of 
this and similar methods will increase 
with advent of time, it is well for the 
reader tc acquaint himself with the 
complete procedure as outlined below.* 
PREPARING THE CAMERA FOR 

*ctsy Back Video Corp. 

ANALYZER CHECKS. Before the 
camera can be checked with the Ana¬ 
lyzer, the beam alignment of the image 
orthicon must be checked To do this: 
1. Mount the Video Analyzer on the 

90mm Ektar lens and do not light it 
at first. 

2. Set the beam and target, and then 
rotate the orth focus on the control 
unit left and right until the dynode 
spots (imperfections on the first dy¬ 
node) are visible. Be sure that there 
is enough gain to see imperfections 
clearly on the monitor. 

3. The imperfections should appear to 
go in and out of foeus as the orth 
focus knob is rotated slightly 
through focus. If the alignment cur¬ 
rent and alignment coil rotation are 
correct, one of two things will hap¬ 
pen: either the imperfections will 
change focus without changing their 
location on the screen, or they will 
be astigmatic in appearance, becom-
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ing elongated in one direction while 
turning the knob clockwise, and 
elongated in a direction opposite to 
the first position while turning the 
knob counter-clockwise. If these im¬ 
perfections travel on the monitor 
screen, the beam in the orthicon is 
not traveling down the center of the 
tube. This can be corrected by 
changing the alignment current on 
the camera, or if this does not help, 
turn the alignment coil with a non¬ 
magnetic screw driver and at the 
same time adjust the alignment cur¬ 
rent until the central portion of the 
image stands still as the orth focus 
is varied. Also, to minimize the ef¬ 
fects of the magnetic fields on the 
final correct adjustment, the view¬ 
finder must be in position. 

4. Many times when the camera is in 
actual use, the dynode imperfections 
show up in the dark areas of the 
image and the tube will have to be 
de-focused. The smaller the imper¬ 
fections, the less de-focusing will be 
necessary and the better the resolu¬ 
tion will be over the entire screen 
area. Multiple small imperfections, 
therefore, are more desirable than a 
few large ones. However, if the small 
imperfections are too numerous, the 
whole image will tend to have a 
grayish cast with correspondingly 
poor resolution in the darker areas. 
It is important that all de-focusing 
always be done by turning the orth 
knob in a clockwise direction for 
RCA field cameras (from left to 
right), counter-clockwise lor Du 
Mont cameras and RCA studio 
equipment. 
Now make sure that the camera is 

level and that the Analyzer is level as 
shown by the spirit level. Close the 90 
mm lens down to F:22. 

You are now ready to proceed with 
the eighteen camera checks. 

1. TURRET ALIGNMENT. Turret 
alignment is the first important camera 
check. In order to use full scanning, 
which is 24 by 32 mm, the optical cen¬ 
ter of each lens when it is in use must 

be the same as the mechanical center of 
the target of the image orthicon. Simi¬ 
larly, each lens when it is in use must 
be aligned along the same horizontal 
axis as the image orthicon. 

With the Analyzer in place and posi¬ 
tioned horizontally as shown by the 
spirit level, adjust for full scan. The 
barrel of the Analyzer should be tele¬ 
scoped to the second ring to give full 
scanning. 
Next, switch on the Analyzer and 

study the position of the test pattern 
with respect to the target circle. You 
should be able to see the whole square 
pattern within the circle of the tube’s 
target plate. If the pattern is not cen¬ 
tered horizontally, but is off to the right 
or to the left, try to correct by readjust¬ 
ing the turret position (On RCA cam¬ 
eras only: loosen the Allen screws on 
the turret shaft handle and twist the 
turret slightly either to the left or right 
as the case may be. When the pattern 
is centered horizontally on the target 
circle, tighten the Allen screws on the 
turret shaft handle. As you make each 
turret adjustment, make sure that the 
Analyzer is level, as shown by the spirit 
level, before checking the test pattern). 

2. MECHANICAL ALIGNMENT OF 
ORTHICON ASSEMBLY. If the test 
pattern is off vertically (up or down) 
with respect to the target circle, the 
image orthicon assembly is out of posi¬ 
tion or out of alignment. This condition 
cannot be corrected in the field. It is a 
job for the maintenance shop. A pos¬ 
sible exception is a loose top wheel on 
the carriage. This wheel does not need 
to turn and should be tight. (On RCA 
cameras only.) 

3. OLD MOSAIC OF PREVIOUSLY 
SCANNED TARGET AREA. By 
checking for old mosaic, or previously 
scanned target area, you can determine 
whether the image orthicon can stand 
full scanning or whether under-scan¬ 
ning will be necessary. 

Completely de-focus the camera opti¬ 
cally. The test pattern then will appear 
as a gray spotty image on the monitor. 
Study the image for old mosaic. If any 
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is present, estimate approximately how 
much under-scanning will be necessary 
to eliminate the faulty portion of the 
tube’s target. Make your estimate as a 
percentage — 5, 10, 15 or 20 percent — 
then pull out the Analyzer’s telescoping 
barrel until the corresponding circular 
mark shows. Complete telescoped in po¬ 
sition gives 10% overscan. The first 
mark represents 5% overscanning, the 
second one full scanning, the third one 
5% underscanning, and the fourth one 
10% underscanning. Finally, refocus 
camera. The Analyzer barrel should be 
left in that position for the rest of the 
checks. 

4. VERTICAL AND HORIZONTAL 
IMAGE SIZE. Size and linearity checks 
must be made against the master moni¬ 
tor, which in turn has been checked 
and adjusted with the aid of a bar gen¬ 
erator to insure its own linearity. The 
importance of using a bar generator to 
obtain perfectly linear monitor scan¬ 
ning cannot be over-emphasized. 

First adjust for size. Then study the 
large dotted center circle and the 
twenty-eight edge dots and the four 
corner circles for linearity. The circles 
should be round and the dots should be 
evenly spaced for good linearity. If 
they are not, adjust size and linearity 
simultaneously for the best positioning 
and form. 

5. VERTICAL AND HORIZONTAL 
LINEARITY. There are two horizon¬ 
tal linearity controls in the RCA cam¬ 
era. One is on the left-hand side which 
can be adjusted while the left-hand side 
of the camera is open. This control 
changes only the right half of the pic¬ 
ture for linearity. The other horizontal 
linearity control is on the left back side 
of the camera and it changes the lin¬ 
earity on both sides of the picture. Both 
horizontal linearity controls have to be 
worked in eonjuction with the width 
control, in older to obtain best results. 

6. VERTICAL AND HORIZONTAL 
CENTERING. For vertical linearity, 
there is only one control knob on RCA 
cameras, which is on the rear left side 

of the camera, and this one has to be 
operated in conjunction with the height 
control. 

Simultaneously center the image with 
the horizontal and vertical centering 
adjustments. 

The required 3 to 4 aspect ratio is 
now established. 

7. ADJUSTMENT OF IMAGE AC¬ 
CELERATOR VOLTAGE. Refocus op¬ 
tically for best center focus of Analyzer 
pattern on monitor. (Resolution pat¬ 
tern in center.) 

Now change image accelerator volt¬ 
age and reset image focus until best 
resolution is obtained on the four cor¬ 
ner resolution patterns. (Make sure 
corners are focused on monitor.) 

8. SCANNING TILT. If the pattern 
seems to be turned in regard to the 
monitor screen, and if the camera is 
lined up horizontally, and if the spirit 
level on the Video Analyzer is also 
level, then a scanning tilt exists. To 
correct for this condition, slowly twist 
the entire image orthicon yoke assembly 
to bring the test pattern picture back 
into position. 

Tilt should not be corrected by alter¬ 
ing the image focus and accelerator 
controls ! 

9. FREQUENCY DISTORTION 
(STREAKING). Frequency distortion 
will show up in two ways ■— as a 
streaking of the horizontal bar in the 
image and as a distortion of the moni¬ 
tor’s oscilloscope pattern that repre¬ 
sents the gray scale. 

If frequency distortion is present, try 
to eliminate it first by changing the 
high peaker adjustment. If this fails, 
look for some internal trouble in form 
of a gassy or overloaded video ampli¬ 
fier tube, capacitor leakage, a bad re¬ 
sistor, or some form of charge due to 
an open grid circuit, for example. 

10. VERTICAL AND HORIZONTAL 
SHADING. This cheek is made by 
studying the four corner circles. All 
circles should present the same tone. 
Make certain that the multifocus has 
correct setting which can be observed 

248 • 



Operating Studio and Control Room Equipment 

on the oscilloscope. Proper multiplier 
focus setting shows the highest signal 
output and smoothest shading. Be cer¬ 
tain that alignment is correct before 
using shading controls. 

11. SETTING OF G-5. The horizontal 
corner resolution can be observed on the 
four corner resolution patterns. As a 
rule, those four patterns have a slightly 
lower resolution than the center pat¬ 
tern, and this condition is normally not 
objectionable. However, if the corner 
resolution is considerably lower than 
the center resolution, it indicates that 
the G-5 setting is wrong. Try a differ¬ 
ent G-5 position (control is on the right 
side of the camera and can be reached 
only by opening the right side door). 
If the G-5 is set, the shading may 
have to be reset again. Sometimes a 
compromise has to be made between 
shading and corner resolution. How¬ 
ever, most of the time, a bad shading 
with a good corner resolution indicates 
bad magnetic shielding around the 
orthicon tube. Slight variations in re¬ 
positioning the Mu-metal shields which 
cover the orthicon tube assembly will 
improve the shading condition 

12. COLOR RESPONSE. To check the 
tube’s response for color, we use three 
color strips (red, green, and b'ue) and 
the six-step gray scale on the test pat¬ 
tern. Fig. 6.21.(2). 

By checking the tones of the three 
color strips against the gray scale as 
they appear on the monitor, it is a sim¬ 
ple matter to evolve a code number for 
identifying the color sensitivity of the 
image orthicon in the camera. Let us 
suppose, for purposes of illustration, 
that the tone of the red matches No. 2 
in the gray scale, the green No. 3, and 
the blue No. (>. Since green occurs ap¬ 
proximately in the middle of the visual 
spectrum we will, for the pu e poses of 
the color code number, always consider 
it as having a value of 5, half-way be¬ 
tween 0 and 10. Then, since the red 
shows up one step darker than green 
when compared with the gray scale, we 
give it the code number 4. Similarly, 
since blue shows up as 3 steps lighter 

than the green on the gray scale, we 
give it the code number of 8 (5 plus 3). 
The complete color code number for 
that tube then is 458; 4 for the red, 5 
for the green, and 8 for tire blue. 

Suppose in testing another tube, the 
red matches No. 2 in the gray scale, 
green No. 4 and the blue No. 6. In other 
words, the red is two steps darker than 
green, the blue two steps lighter than 
green. Again as before, in arriving at 
the color code number we give green a 
value of 5. Therefore, since the red is 
two steps darker than green, we give 
it a color code number of 3 (5 minus 2). 
Similarly, since the blue is two steps 
lighter than green, we give it a code 
number of 7 (5 plus 2). The complete 
color code number- for that tube then is 
357 ; 3 for- red, 5 for green and 7 for 
blue. 

Since in the code number, green, 
which is our baseline from which the 
red and blue are gauged plus or minus, 
always is represented by the number 5, 
the middle number can be eliminated 
from the code number, and only the 
first number (red) and third number 
(blue) need be used. In this way, the 
simplified code number for the tube in 
the first example is -18, for the second 
37. 
NOTE: The two test-pattern com¬ 

ponents — the color strips and the gray 
scale — used in this test have been most 
carefully designed to allow the normal 
eye to gauge color values in terms of 
gray scale. The gray scale itself is de¬ 
signed so that each step, when pro¬ 
gressing from dark to light (from 1 to 
6), represents twice the light of the 
preceding step. This relatively large 
difference in values must be kept in 
mind when matching each color against 
the gray scale and evaluating the color 
characteristics of one tube against an¬ 
other. Remember, a difference of only 
one or two steps (which means one or 
tw'o numbers) means considerable in 
terms of light. The entire scale repre¬ 
sents a variation of 32 to 1 in light. 

Another method tc arrive at the color 
number is by comparing signal pulses 
of the three colors with the staircase 
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formed by the graywedge on the oscil¬ 
loscope. 

13. MEASUREMENT OF SENSI¬ 
TIVITY (BEAM AND TARGET AD¬ 
JUSTMENT). It is characteristic of 
the image orthicon that every setting 
of the target voltage requires a definite 
setting of the beam current for a given 
value of illumination. Therefore, when¬ 
ever the target voltage is changed, the 
beam current has to be changed simul¬ 
taneously. 

Raising the target voltage, together 
with the beam current, increases the 
sensitivity and output of the tube up 
to a certain point. Beyond that point, 
sensitivity does not increase, but the 
noise level becomes objectionable and 
the resolution decreases. In order to 
find the best setting for beam and tar¬ 
get for a low light level, we should pro¬ 
ceed in the following manner: 

a. Switch on the Analyzer and adjust 
for normal scanning height and width. 

b. Check line voltage to the Analyzer 
when using very long camera cables!! 
c. Observe the darkest part of the 

density wedge (which has the number 
1). 

d. Gradually close the iris on the 90 
mm lens until the Number 1 wedge just 
disappears. 

e. Increase the target voltage until 
the number 1 wedge reappears. Simul¬ 
taneously, increase the beam current 
until none of the other target details 
appears reversed in polarity (like a 
photographic negative). 

f. Close the diaphragm of the lens. 
Increase the target and beam very 
slowly. Hold the pattern a positive 
image. Do so until any further increase 
in target voltage will not further in¬ 
crease the sensitivity. 

This is the best beam and target set¬ 
ting for working under poor lighting 
conditions. We have now established the 
sensitivity rating for the tube under 
test, because f:stop setting on the 90 
mm lens under those conditions when 
number 1 wedge is just barely visible is 
the sensitivity code number of that par¬ 
ticular orthicon tube. If the f:stop set¬ 

ting in this particular case is, for ex¬ 
ample, f : 16, the sensitivity code is num¬ 
ber 16. 

14. SATURATION POINT. First 
check amplifier gain control to make 
certain no amplifier saturation is tak¬ 
ing place. Then, without changing beam 
and target setting, we can measure the 
saturation point for purposes of tube 
classification. 

To obtain the high light saturation 
point code number for the tube, open 
up the aperture of the 90mm lens 
slowly until the top step-like signal on 
the monitor oscilloscope pattern for No. 
6 on the gray scale stops growing. The 
f: reading of the lens aperture at that 
point then is a measure of the tube’s 
saturation point. If the stop is f:18, 
for example, the saturation point code 
number is 18. 

15. CONTRAST RANGE. The com¬ 
plete calibration code number for any 
one tube is a three-figure combination 
of the color code number, the sensitivity 
code number, and the saturation point 
code number. In terms of the examples 
already given, the code number for that 
particular tube would be 48-16-18. 
WHAT THE CODE NUMBER 

MEANS. By using the last two figures 
in this code number (sensitivity and 
saturation) it is possible to arrive at a 
figure for the contrast range of the 
tube. If these last two figures are the 
same, the tube has a contrast range of 
1. If the second number (sensitivity) is 
twice as large as the third (satura¬ 
tion), the tube has a contrast range of 
%. Similarly, if the second number is 
only half as large as the third, the tube 
has a contrast range of 2. To go back to 
the tube used in our example having a 
code number of 48-16-18, it has a con¬ 
trast range of 18 divided by 16 or very 
nearly 1. A tube with a large contrast 
number will accommodate a low con¬ 
trast scene. In other words, it exagger¬ 
ates the scene brightness range and 
should not be used outdoors in bright 
sunshine. It would be very good out¬ 
doors in the rain or on a dull day. 

Although a tube having a contrast 
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range of 1 is better for all-around use, 
that does not mean that a tube having 
a contrast range of % or 2 is useless. 
Quite the contrary, tubes with high or 
low contrast ranges can be used very 
effectively under certain conditions. A 
tube with a low contrast range, for in¬ 
stances, can do a good job under condi¬ 
tions of bright sunlight with light 
lights and dark darks that make the 
lighting contrast high. A tube with a 
high contrast range, in the same way, 
works well under conditions of flat 
lighting where high contrast is desired. 

The complete code number makes it 
easy to select tubes whose characteris¬ 
tics match for use in multiple camera 
shows. Although the ideal would be to 
use tubes having exactly the same code 
numbers, tubes with slightly different 
characteristics can be used successfully. 
It is important, however, that all tubes 
used on any one show have the same 
color and contrast range numbers. If 
the sensitivity and saturation numbers 
are not the same, the difference can be 
compensated for by using different stop 
openings on the camera lenses. Let us 
suppose, for example, that we have two 
tubes — one with a code number of 48-
16-16, and the other with a code num¬ 
ber of 48-8-8. Both tubes have the same 
color code number of 48. Both have a 
contrast range of 1 (8/8 equals 1 and 
16/16 equals 1). Yet the first has four 
times the sensitivity to light and four 
times the saturation point (f:8 passes 
four times as much light as f :16). To 
compensate for the difference, the sec¬ 
ond tube (48-8-8) must be used with a 
lens opened up two stops more than the 
lens used with the first. 

16. HORIZONTAL CENTER RESO¬ 
LUTION. Adjust beam and target 
again and adjust the orth and image 
focus for best resolution at an f : stop 
setting about half-way between the sen¬ 
sitivity setting and saturation setting. 
Then defocus with the orth knob until 
the dynode imperfections, known as dy¬ 
node spots, disappears. Watch if the 
resolution changes considerably with 
the defocusing of the dynode spots. 

NOTE: The resolution measured by 
the Video Analyzer is approximately 
20% lower than measured with the 
RMA Chart because the Video Analyzer 
does not have the harsh contrast of the 
RMA Chart in the resolution-pattern. 

17. VERTICAL CENTER RESOLU¬ 
TION (INTERLACING) HOW TO 
MATCH CAMERAS. To check for in¬ 
terlace, observe the horizontal resolu¬ 
tion pattern in the center. If the lines 
make odd twists and turns and the pat¬ 
tern is not crisp and clear cut, you have 
interlace trouble. Correct by readjust¬ 
ing the sync generator. 

To check one camera against another 
to insure the use of matched cameras 
on a multi-camera show, mount a Video 
Analyzer on each camera and then 
switch from one camera to another on 
the master monitor. In this way, the 
image from each camera can be studied 
and compared on the one master moni¬ 
tor. 
Control monitors then should be 

checked against the master monitor 
and adjusted to give comparable im¬ 
ages. Likewise, the camera viewfinders 
should be checked against the master 
monitor and adjusted to give compara¬ 
ble images. With all monitors giving 
comparable images, cameramen, direc¬ 
tors, and program managers will have a 
uniform basis for judging image qual¬ 
ity. 

18. PREDETERMINATION OF f: 
STOP. Since the proper f: stop setting 
of a camera depends on the saturation 
point of the orthicon tube and the illu¬ 
mination of the subject, all three fig¬ 
ures — f : stop, saturation point and 
light level — have to be in a certain 
relation to each other. Since the satura¬ 
tion point of the tube is determined by 
the illumination of wedge No. 6, this 
saturation figure has a direct meaning 
as far as the f: stop is concerned. The 
only thing we need to know is the equiv¬ 
alent light reading of wedge No. 6, 
which has been used to determine the 
saturation point of the orthicon tube 
in use. 

The light intensity of wedge No. 6 is 

• 251 



Operating Studio and Control Room Equipment 

equivalent to approximately 20 foot¬ 
lamberts. That means, a 100% reflect¬ 
ing body illuminated with 20 foot¬ 
candles would have the same brightness 
as wedge No. 6. To predetermine the 
f : stop setting for any particular scene, 
this figure will allow us to do it. The 
surest and fastest way to do this would 
be to use a footlambert meter. With a 
footlambert meter, the brightness of 
any point can be read in a few seconds 
and, since the saturation point of the 
tube is known, the f : stop setting can 
be done accordingly. For instance, we 
measure the brightness in footlamberts 
of the brightest subject on the scene 
(do not take high light reflectance such 
as jewelry, high lights in metals, etc. 
Rather take light dresses, shirts, etc.). 
If this brightness is, for example, 20 
footlamberts, the f: stop setting has to 
be the same as the saturation code num¬ 
ber, which is 18, on the previously men¬ 
tioned orthicon tube — 48-16-18. If the 
brightness of the high light subject is 
40 footlamberts, we would have to stop 
down to f:22. If the brightness were 80 
footlamberts, we would have to stop 
down to f:28 or, if the lens cannot be 
closed down that far, we would have to 
reset beam and target for high light 
level condition. 

Since 100% reflecting subjects are 
never used on a scene (100% reflecting 
subject are magnesium oxide, or mag¬ 
nesium carbonate), those footlambert 
figures are not identical with the foot¬ 
candle reading. As an average, we can 
figure that ordinary white paper re¬ 
flects approximately 70% ; human skin 
reflects approximately 30% ; an average 
stage setting reflects approximately 
40% — of the incident light. Therefore, 
the footcandle reading will have to be 
between 1% to 4 times as high as the 
desired footlambert reading, which has 
to be taken if a footlambert meter is not 
available. 

Coming back to our previous example 
of tube 48-16-18 — at an aperture of 
f :18 the incident light reading in foot¬ 
candles for a very light colored scene 
would have to be approximately 30 
footcandles; for medium-shaded scen¬ 

ery approximately 50 footcandles; for a 
dark-shaded scene with predominantly 
dark subjects 80 footcandles. 

Using a sensitive orthicon tube under 
very bright light conditions would re¬ 
quire a smaller f : stop than available on 
standard lenses, and it is therefore de¬ 
sirable to cut the light transmission of 
the lens by using a filter in front of the 
lens. Yellow filters are preferable be¬ 
cause they give a better brilliancy and 
cut through haze. (K2 or Aero No. 2). 

By using your Video Analyzers regu¬ 
larly before each show, you not only 
can always be sure of matched and 
properly adjusted cameras, but you can 
keep tabs on the condition of each im¬ 
age orthicon in stock. The first time 
you check a new image orthicon, mark 
or paste the Analyzer code number on 
the tube. Then every time you align a 
camera from then on, check the color 
sensitivity, light sensitivity, satura¬ 
tion point, and contrast range of the 
image orthicon against the old code 
number. These comparisons of code 
numbers can tell you a great deal about 
the condition of the tube. 

During natural constant use, every 
orthicon tube loses sensitivity gradu¬ 
ally, so the contrast number gradually 
increases. When the contrast number 
reaches approximately twice its origi¬ 
nal value, the tube should be taken out 
of service and stored away for several 
weeks. During that resting period, it 
regains its original sensitivity almost 
completely, and it is essential to have a 
rest period until it recovers. 

When the tubes get old, the reverse 
thing happens to the contrast number 
because the saturation number drops 
also. It drops with a greater rate than 
the sensitivity. For this reason, very 
long used tubes have a low sensitivity, 
a still lower saturation point, and there¬ 
fore a very low contrast number. They 
can be used in bright light under high 
contrast conditions, like ball games in 
bright sunshine, where dark shaded 
areas and sunny areas are equally im¬ 
portant in the same scene. Since there 
is enough light available, the dimin-
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ished sensitivity has no effect on image 
quality. 

There is another fact which limits the 
satsifactory use of an orthicon tube. All 
wide spaced tubes get noisy and lose 
resolution if they are used to long with¬ 
out giving them rest time to recover. 
So, if a tube does not show good reso¬ 
lution and at the same time has back¬ 
ground noise, it has to be stored for 
several weeks. If this is not done, the 
tube wili suffer and will be permanently 
impaired. 

If, on the other hand, a tube in con¬ 
stant use decreases rapidly in contrast, 
which means that the contrast number 
goes down from day to day, that par¬ 
ticular tube may have become gassy 
and should be sent to the manufacturer 
for reprocessing. This decrease in con¬ 
trast occurs long before the tube de¬ 
velops an ion spot. Once it has devel¬ 
oped an ion spot, it cannot be repaired 
any more. It is therefore important to 
watch the contrast number constantly. 
Further technical details of the tele¬ 
vision camera are included in section 
8.9. 

6.5 Camera Operating T ethniques 

The use of the camera is related di¬ 
rectly to the interpretation of the light¬ 
ing content of the scene to be telecast. 
Since lighting techniques either fall di¬ 
rectly to or under the supervision of the 
technical department, the use of lights 
must be considered an integral part of 
camera operation. 

Regardless of the number of ways 
lights are used to achieve certain ef¬ 
fects (key, modelling, etc.), the opera¬ 
tor may relegate them in a practical 
manner to two types; flood and spot. 
Camera technique is concerned basi¬ 
cally with the brightness range to be 
encountered. Thus should it be discov¬ 
ered that the brightness range of an 
initial setup exceeds that allowable, he 
immediately deduces that it is neces¬ 
sary to use fewer spots and more floods. 
The producers and directors of the 
show will have their own ideas as to 
location of key lighting and relative 
intensity of general lighting at other 

portions of the scene. It is the job of 
the technical department to as nearly 
achieve the desired photographic effects 
as possible within the limitations of the 
technical equipment. The overall job is 
satisfactorily done only by intensive 
teamwork. 

Due to the automatic and unconscious 
action of the human seeing mechanism, 
the human eye is a poor judge of 
brightness range. Since this character¬ 
istic is the ratio of the brightest high¬ 
light to the darkest shadow, even con¬ 
ventional light meters are severely lim¬ 
ited in usefulness in television studios. 
While such meters may adequately 
measure the light-level of portions of a 
scene, reflectance properties of small 
objects are ignored by the average 
meter, and no correlation may be made 
between studio illumination and image 
orthicon interpretation of the smaller 
and important objects. Therefore spe¬ 
cial light meters are used in TV which 
measure reflected as well as incident 
light, and are color corrected to match 
the spectral sensitivity of image orthi¬ 
con tubes. 

One such meter, widely used at CBS-
TV and gaining in popularity else¬ 
where, is illustrated in Fig. 6.3A. This 
is the SEI Exposure Photometer, made 
by Salford Electrical Instruments Ltd., 
of England, and distributed in this 
country by the Back Video Corporation. 
This meter measures the brightness of 
pinpoint areas on a subject from the 
camera lens position, with such sensi¬ 
tivity that readings are made from the 
deepest shadows as well as from the 
brightest highlights. In use, any por¬ 
tion of a subject — which may be only 
a few feet away or as much as 100 
feet from the camera — whose illumi¬ 
nation is to be measured, is viewed 
through the focusable telescopic eye¬ 
piece (Fig. 6.3A). A dark spot is seen 
superimposed on the scene. The user 
then turns a knurled ring on the base 
until the brilliance of the dot, which is 
illuminated by a calibrated battery-
powered bulb, is adjusted to match the 
portion of the scene or subject being 
measured. When the dot blends in and 
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Figure 6.3A. SEI Exposure photometer used in 
TV studios. Courtesy Bock Video Corp. 

disappears, f : stop openings are read 
directly from the scales on the main 
barrel. Calibration, to compensate for 
battery and lamp wear, is included in 
the device. Light from a comparison 
lamp which illuminates the dot also il¬ 
luminates a photo-electric cell con¬ 
nected to a microammeter mounted in 
the top of the photometer. Before the 
exposure readings, a rheostat control 
in the meter base is adjusted until the 
needle of the microammeter points to a 
central standard mark. Such calibra¬ 
tion eleminates the possibility of errors 
caused by uncontrollable variables. 

It is most convenient in practice to 
match the pickup tubes in the number 
of cameras to be used on one show, then 
match as nearly as possible the lighting 
of the scene to the cameras. Where a 
device such as the video analyzer (pre¬ 
ceding section) is not used, it is advis¬ 
able to use some form of color chart 
such as the Agfa Color Chart. The 
chart is a large board upon which is 
pasted colored strips of red, yellow, 
green and blue of a maximum satura¬ 
tion. Adjacent to each of these strips 
is a gray step wedge divided into a 
scale where 100 (in the presence of sun¬ 
light or “white fluorescent light”), des¬ 
ignates the same brightness as the ad¬ 
jacent color. The other divisions then 

represent the relative percentage of 
reflectivity to the 100 mark. Since the 
operator is interested only in the rela¬ 
tive response of the pickup tube, the 
use of the chart is practical under any 
kind of artificial illumination. The im¬ 
portant point is to use some means of 
ascertaining “balance” between indi¬ 
vidual image orthicons, then to balance 
the lighting condition for a given scene 
to the cameras. 
Let’s return for a moment to the 

video analyzer information outlined in 
the preceding section. The No. 1 wedge 
on the analyzers gray scale, used to 
determine the tubes’ sensitivity, trans¬ 
mits % footlamberts of light, and the 
No. 6 wedge, determining the satura¬ 
tion point of the photocathode, trans¬ 
mits 20 footlamberts. The contrast 
number of the tube is equal to the satu¬ 
ration number divided by the sensitivity 
number. Therefore if these numbers are 
the same, the contrast number is 1. 
Since contrast is the ratio of the bright¬ 
est highlight to darkest dark in terms 
of reflected light, it is necessary that 
the brightest reflected light be no more 
than 30 times the darkest object to be 
adequately reproduced. The contrast 
number of 1 allows maximum contrast 
(30-1) to be used. The brightness range 
for any image orthicon is 30 divided by 
the square of the tubes’ contrast num¬ 
ber. Thus if the contrast number is 2, 
the brightness range for that tube 
would be 30/4 or about 8. 

Therefore reflected light is measured 
preferably by a light meter such as the 
photometer described above, which 
gives results directly in footlamberts. 
If, then, the tube saturates at 20 foot¬ 
lamberts with a lens stop of f:8, and 
the light meter indicates a maximum 
highlight value of 40 footlamberts, the 
operator may correctly estimate that 
the iris must be stopped down one ad¬ 
ditional stop, or f:ll. 

It is imperative also to consider 
whether filters over the lens are neces¬ 
sary for the particular type of light¬ 
ing and pickup tubes in use. With the 
newer types such as the 5820 and 5826, 
infra-red response is negligible, where-
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as ultra-violet is still susceptible in the 
pickup response. Therefore, if a large 
amount of fluorescent lighting is used 
in ratio to incandescent lights, a minus-
blue filter such as Wratten No. 5 must 
be used in an adaptor ring with the 
lens. Such filters cut the overall sensi¬ 
tivity about 50%, therefore influencing 
the intensity of illumination required, 
or the stop opening used. 
In judging picture quality, “skin 

tones” serve as the best criterion. If 
skin tones are correct, other factors will 
usually fall within acceptable stand¬ 
ards with only slight manipulation. 
The basic movements and adjust¬ 

ments of the TV camera are illustrated 
in the sketches of Fig. 6.3B. In (1) it is 
noted that the panning handle is an in¬ 
tegral part of the friction head upon 

which the camera mounts. This handle 
moves the head left or right for pans 
(3), or up and down for tilt shots (4). 
The friction head contains an adjust¬ 
ment for any desired amount of “drag” 
or friction applied for turning or tilt¬ 
ing (section 2.7). 

(2) of Fig. 6.3B shows the location 
of the turret control and optical focus¬ 
ing knob. The turret is rotated by 
squeezing the turret handle on the rear 
of the camera and turning it to place 
the desired lens in front of the image 
orthicon. The “taking” lens is on top 
of the turret after correct positioning. 
The optical focusing knob moves the 
entire image orthicon and yoke assem¬ 
bly on tracts behind the lens turret. 
Maximum movement is approximately 
2 inches. 

Figure 6.3B. Basic operational movements and adjustments of TV camera and mounting facilities. 
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(5), (6) and (7) show the basic 
movements as applied to the use of a 
mobile dolly or crane-mounted camera. 
These are the accepted terms which the 
operator will find in use in production 
technique, and should be thoroughly fa¬ 
miliar to all operators. Panning or tilt¬ 
ing of the camera on a crane or dolly 
is accomplished by the same type of 
panning handle shown in (1). 

In addition to the optical focusing 
knob on the camera, the lens itself may 
be adjusted by means of a focusing col¬ 
lar as indicated in Fig. 6.3C. This col¬ 
lar is on the main barrel of each indi¬ 
vidual lens. In this way, the operator 
minimizes focusing adjustment neces¬ 
sary when changing from one lens to 
another. He may, for example, adjust 
his 9()mm lens for focus at 10 feet on 
a title card, and his 135mm lens for fo¬ 
cus at 25 feet. If the camera position is 
fixed throughout the show, a minimum 
of optical focus adjustment is required 
of the operator upon changing of the 
lens by operating the lens turret. 

This figure also illustrates the iris 
gear box used on cameras which pro¬ 
vide iris adjustment from the rear of 
the camera. Such pickup heads may be 
equipped with only two iris gear drives 
for two lens, or may be provided with 
all four. Such provision aids the camera 
operator immeasurably in meeting un¬ 
expected highlights in excess of the al¬ 
lowable brightness range. 

Figure 6.3C. 

In camera operation as in any radio 
operation, all movements and adjust¬ 
ments must be so solidly a part of the 
program that the listener-viewer is left 
completely unconscious of the technical 
aspects involved. The less conspicuous 
the adjustments, the better is the tech¬ 
nical operating technique. It has been 
said that the camera operator must be 
adept at mindreading. What is actually 
meant is that he must be thoroughly 
“production conscious.” 

The panning of a camera, for exam¬ 
ple, is probably the most used of actual 
operating technique. This movement 
must be integrated completely with the 
scenic action, and therefore must ac¬ 
tually be anticipated by the operator. 
Although he is aided in this action by 
instructions from the technical direc¬ 
tor through his headphones, the actual 
operation must be eased into at exactly 
the split second of movement to be fol¬ 
lowed. In order to keep the person prop¬ 
erly framed, the pan must lead the mov¬ 
ing figure. In other words, the moving 
person must be kept in the same spot on 
the frame, except in very special cases 
which will be identified by the director. 
If his relative position changes, requir¬ 
ing the camera operator either to 
“catch-up” or “retreat” with his cam¬ 
era action, the bobble is noticed at once. 

Similarly, the panning must be ta¬ 
pered off in exact accordance with the 
required movement. The “feel” of such 
operation is gained only through per¬ 
sistent practice. The operator should 
adjust the friction head drag to suit his 
individual touch on the camera move¬ 
ments. Sufficient drag must be used so 
that inadvertant movement will not 
“jiggle” the head with the consequent 
distracting jerk of the picture. If, how¬ 
ever, the production calls for a “whip 
shot,” requiring a rapid pan used only 
on special occasions, the drag must be 
light enough to allow rapid and smooth 
operation. 

The tilt shot is self-explanatory and 
is used offener (in a modified form) 
than the newcomer might suspect. If 
the reader observes closely the next 
“panel” show on the air, he may dis-
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cover that the view is slightly “up” to 
the members of the panel. Producers 
use this technique to add dominance to 
the central interest of a scene, and 
lends a dramatic appeal not evident in 
“straight on” shots. Tilting of a cam¬ 
era during operation must, as a general 
rule, be done so slowly as to be just 
barely perceptible to the viewer. 

The dolly shot is used for variety or 
dramatic interest. When the field of in¬ 
terest narrows to a portion of the total 
scene, the dolly or camera operator (de¬ 
pending upon type of dolly) is in¬ 
structed to “dolly in.” It is always as¬ 
certained beforehand that the dolly 
path is properly lined up so that un¬ 
called-for weaving around obstacles is 
avoided. Unless sufficient lighting is 
used to allow a very small f : stop open¬ 
ing, the cameraman must anticipate his 
optical focusing so that no de-focusing 
is noticeable when the camera moves in. 
The same is true when the field of in¬ 
terest again broadens and the “dolly 
out” order is received. Needless to say, 
the dolly movement must be absolutely 
even and smooth both during the move¬ 
ment and upon starting or stopping the 
dolly action. A “follow” or “travel” 
shot is done by dolly movement. In this 
case, the dolly follows a walking per¬ 
son, or may travel along a showcase in 
which the sponsors wares are exhibited. 
Every camera movement must have a 
definite purpose, since a psychological 
effect is imparted to the audience for 
every movement or angle change. The 
lens is the eye, the camera movement 
is the interpretation of the brain. 

The scanning area of the image orthi¬ 
con tube is approximately equal to the 
size of 35mm film. Camera fans know 
that the “basic lens” for a 35mm cam¬ 
era is the 50mm size focal length (F) 
lens. The same is true of the TV cam¬ 
era using image orthicons. This size of 
F gives an approximation of the angle 
of view as observed by the human eye. 
A 35mm lens gives a “wide angle” of 
view which exaggerates the area pos¬ 
sible to be covered, but results in much 
smaller images on the screen. The wide 
angle lens is used in such cases as open¬ 

ing shots to give an overall view of the 
total area to be covered in the imme¬ 
diate future, and increases the sense of 
distance over what the human eye 
would normally interpret. 
Observe now Fig. 6.3D. The hori¬ 

zontal and vertical angles of the most 
popularly used studio ienses are listed 
in the table. The upper sketch, illus¬ 
trating width of field (H angle) for 
the 35mm-135mm lenses, also shows the 
approximate width of field for each 
lens at 10 feet from the camera. At this 
distance, the 135mm lens, with an H 
angle of 13°, covers about 2.2 ft. The 
90mm at 10 feet covers a field horizon¬ 
tally of about 3.3 ft. The 50mm lens at 
this distance includes a horizontal field 
of 6.4 ft. which is approximately equiv¬ 
alent to what the human eye interprets 
with clarity at a distance of 10 ft. The 
wide angle 35mm lens includes a hori¬ 
zontal field of 9.5 ft. at Iff feet away. 

An excellent exercise for the new TV 
cameraman or student is to plot these 
angles on large size linear graph paper 
representing a scale equivalent to the 
working area of the studio to be used. 
The student may assume arbitrary di¬ 
mensions such as 40 x 60 x 30 ft. By 
using the basic suggestions from Fig. 
6.31), a clear relationship may be ob¬ 
served between focal length of lens, po¬ 
sition and height, and projected area 
that may be covered. After considerable 
practice, these factors become instinc¬ 
tively balanced in the every-day routine 
of camera operation. 
Operational summary of lens size 

may be made as follows: 

1. The smaller the F size, the greater 
the included angle of field, the smaller 
the image, and the greater' the depth 
of field. 

2. The larger the F size, the smaller 
the included angle of field, the larger 
the image, and the less the depth of 
field. The reader should review section 
2.1 if these relative factors are not well 
visualized. 

Depth of focus, the area which the 
given lens will cover with fine detail, 
is governed by size of lens (F), and the 
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Figure 6.3D. Illustrating horizontal and vertical angles of TV camera lens when used with image 
orthicon pickup tubes. The width and height of fields shown at 10 feet are approximate, as esti¬ 

mated from graphical analysis. 

iris stop opening (f: number) ; which, 
in turn, is governed by the amount and 
type of illumination, and scenic content 
which determines reflectance values and 
range of brightness. The reader should 
refer to the tables of depth of focus for 
various lens and f: numbers given in 
section 2.1. It is noted, for example, 
from Table 2.IL that the depth of field 
for a 50mm lens stopped to f :8 at 10 
feet is about 12% feet. All objects from 

6'9" in front of the lens, to 19'3" away, 
will be sharply defined by the lens. 
(When the lens is focused on 10 feet.) 
A 90mm lens, which will have an in¬ 
cluded angle covering about one-half 
that of the above lens, when stopped 
to f:8 and focused at 10 feet, will have 
a depth of field of about 6 feet. (Table 
2.1M.) In this way, the area of atten¬ 
tion is narrowed, concentrating on a 
central point of interest, with larger 
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image size on the screen. Objects in the 
background, which were formerly in¬ 
cluded by use of the 50mm lens, are ef¬ 
fectively “taken away” from the pic¬ 
ture content. Depth of field also in¬ 
creases with distance from a given lens. 

Fig. 6.3E illustrates the practical ap¬ 

plication of F size and distance in 
ratio to the area desired to be covered. 
In (1) is a sketch of the popular type 
of panel show involving 4 members of 
a panel plus one quiz master. The lat¬ 
ter position often includes a place for 
a guest or participant on the show. We 

Figure 6.3E. (1) Panel show involving two cameras in pickup. (2) Vertical angles of the 50mm and 
135mm lens. 
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have elected to illustrate how such a 
production may be handled with only 
two cameras, although three cameras 
are often used to increase latitude of 
production technique. The drawing 
shows the No. 1 camera trained upon 
the entire panel from 15 feet distance, 
with the 34* angle of a 50mm lens re¬ 
sulting in the proper horizontal cover¬ 
age area. Camera No. 2 is shown 
trained upon one member of the panel 
with an Wi' lens, the 8° angle (hori¬ 
zontally) being just sufficient to cover 
one member. This, of course, fills the 
screen and results in a close-up of the 
face. Also shown in dotted lines is how 
the No. 2 camera may be panned to the 
right, lens turret rotated to use a 135-
mm lens, whose 13° H angle covers a 
close-up of the quiz-master’s face. Cam¬ 
era No. 1 may, of course, be panned in 
any direction, and any of the four 
lenses used to cover any portion de¬ 
sired. On a production of this type, ju¬ 
dicious choice and operational technique 
of the 8 lenses involved eliminates need 
for camera movement, requiring only 
fixed tripods with pan heads. While 
one camera is on-air, the other camera 
operator receives instructions to ready 
his camera for the following shot, and 
the switching is made in the usual way 
in the control room. “Ready” and “ON-
Air” lights on the front of the camera 
inform the participants as to which 
camera is in use at any instant. 

It should be mentioned at this time 
that extremely small movements of an 
actor’s head during closeups where lit¬ 
tle depth of field is required, are greatly 
exaggerated. For example, in the previ¬ 
ous illustration, the 814" lens at only 15 
feet (approximately) has a very sharp 
angle of field. At very small angles 
through which the member may turn 
his face, the frame of the picture may 
be partly or wholly left with only the 
background. Usually, at this distance 
where such effect is noted, the 135mm 
lens is used, and the panel members 
spaced widely enough that this angle 
of 13° covers only one person. This 
points up the desperate need for plenty 

of rehearsal time on even the simplest 
of productions. 

In (2) of Fig. 6.3E is illustrated the 
vertical angles of a 50mm and 135mm 
lens, on separate cameras at different 
heights and orientation. In this specific 
case, the camera with the 50mm lens is 
covering 11 feet vertically from the 
studio floor, at a distance of 25 feet. 
Another camera (on a boom or dolly of 
the pedestal type) is placed 10' high, 
and tilted so as to obtain a tilt shot 
covering 4 feet up from the floor. This 
is just one possibility of an infinite va¬ 
riety of combinations for various effects 
in the picture content. 

Production terms which must be rec¬ 
ognized by the TV cameraman are 
listed and defined as follows: 

PAN. The cue will be “pan right” or 
“pan left.” Some directors also in¬ 
clude the tilt shot under the term 
pan, as: “pan up” or “pan down.” If 
the term “HEAD ROOM” is given, 
the director wants more space above 
the person or object, and the camera¬ 
man tilts the camera up, or “pans 
up.” 

SINGLE SHOT. The director intends 
for the shot to include only one per¬ 
son. 

TWO-SHOT. The director intends for 
the shot to include 2 persons. 

GROUP-SHOT. The director intends 
for the shot to include a specified 
group of persons. 

COVER SHOT. Also termed “Wide 
shot” or “long shot.” The picture 
should cover the entire scene of ac¬ 
tion. This is most generally accom¬ 
plished by the 50mm lens. If, how¬ 
ever, the camera is necessarily close 
to the whole scene, the wide-angle 
35mm lens must be used. 

CLOSE-UP. Unless otherwise directed, 
the close-up should cover the head 
and shoulders of the specified person. 
For studios of the average TV dimen¬ 
sions, the 135mm lens is most usually 
used. 

MEDIUM SHOT. Unless otherwise di¬ 
rected, the coverage should be from 
the waist up of the specified person. 
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This most usually requires the 90mm 
lens. 

TIGHTEN SHOT. The director wants 
less space around the sides of the ob¬ 
ject, person or persons. The camera 
operator must either get closer to the 
subject or use a longer F lens. 

LOOSEN SHOT. Opposite of above. 
DOLLY-IN. Move the dolly or pedestal 

in toward the scene of action. 
DOLLY-BACK. Opposite of above. 
TONGUE RIGHT OR LEFT. Swing¬ 

ing the camera boom to right or left 
as in Fig. 6.3B(5). 

TONGUE IN OR OUT. Illustrated in 
Fig. 6.3B(6). Note that this direction 
applies when the dolly or crane is 
crosswise to the pickup area. 

BOOM UP OR DOWN. Illustrated in 
Fig. 6.3B(7). Results in vertical 
movement of camera which may be 
on-air, or may be done to ready the 
following shot. 

When the camera operator receives 
instructions to “ready number 2 camera 
for tight-shot of singer,” he should be 
able to achieve just that, with optimum 
transmission characteristics, and with 
the minimum elapsed time. 

Typical problems relating to camera 
operation, and most likely solutions, 
may be summarized as follows: 

1. BRIGHTNESS RANGE EXCES¬ 
SIVE FOR PICKUP TUBES POSSI¬ 
BLE TO USE. Several solutions are 
possible, (a) Increase ratio of flood¬ 
lighting to keylighting, commonly 
termed lower the key-lighting, (b) Ju¬ 
dicious change of props or costumes 
within reason. In some cases, this can¬ 
not be done and still maintain the mood 
of the show. It often occurs, however, 
that brightness range is exceeded only 
with such minor properties as jewel 
adornments, chrome stripping on ob¬ 
jects, etc. (c) If brightness range is ex¬ 
ceeded only during short portions of 
the total time, cameras may be pre¬ 
pared just before the transition to this 
portion by stopping down the iris. This 
feature is very practical with control 
of the lens iris from the rear of the 
camera. Some very recent equipment 

incorporates motor driven lens iris con¬ 
trol from the control unit in the studio, 
allowing maximum flexibility in produc¬ 
tion technique, (d) As a last resort, the 
camera control-unit operator in the con¬ 
trol room resets his target voltage and 
beam current. (Mentioned further in 
next section.) 

2. INADEQUATE DEPTH OF 
FIELD. With the new ultra-sensitive 
image orthicon such as the type 5820, 
this problem need not often present it¬ 
self. Sufficient light should be used so 
that iris controls may be stopped down 
to f:ll or f:16. Remember that the 
smaller the aperture, for a given focal 
length lens, the greater the depth of 
field. In some cases, however, it is de¬ 
sirable from a program mood stand¬ 
point to have background subjects de¬ 
liberately “out-of-focus” so that they 
are not predominate to the central “fo¬ 
cused” theme. In this case, the depth of 
field is seldom a problem unless a long 
focal length lens must be used at a 
fairly wide stop opening. Depth of fo¬ 
cus is increased in the following ways: 
(a) Camera moved back, (b) Use of 
smaller f : stop number, usually re¬ 
quiring more light, (c) Use of lens with 
shorter focal length. This increases an¬ 
gle of view and decreases size of images 
on the screen. 

.7. DISTORTION OF FACE UPON 
MOVEMENT UNDER EXTREME 
CLOSE-UPS. This is caused by bring¬ 
ing the camera in too close to the per¬ 
son, using a lens such as 35mm or 50-
mm, and attempting to get a full-size 
face view’. When the person turns his 
face even slightly, the nose, for exam¬ 
ple, may become unduly enlarged since 
a wide angle lens tends to distort 
depth on close-up views. For such shots, 
the camera is kept back a reasonable 
distance, and a longer F lens, such as 
90mm or 135mm is used for the close¬ 
up. In very large studios where the 
camera may be back .‘¡0 or 40 feet from 
the scene, a close-up calls for the 8 %" 
lens, or even the 13lens. If the 
reader carriers out the recommended 
practice of plotting lens angles on lin-

• 261 



Operating Studio and Control Room Equipment 

ear graph paper as basically shown by 
Fig. 6.3D, he will gain a valued appre¬ 
ciation of size of camera lens for the 
job. 

About the only “special effect” which 
the camera operator may be called upon 
to supply is the “blur-out.” This opera¬ 
tion is a deliberate de-focusing of the 
image being transmitted by turning the 
optical focusing knob on the camera. 
Such effect is sometimes used for tran¬ 
sition of time or locale. Either the same 
cameraman, or another cameraman 
picking up a different portion of the 
scene, may then be called upon to “blur¬ 
in” the following picture by starting 
from a de-focused image and then “fo¬ 
cusing up” the same optical control. 

6.4 Operating the Camera Control Unit 

The camera control-unit operator is 

generally referred to as the video oper¬ 
ator. It is his function to continually 
monitor the picture and waveform 
screens on the control unit, and make 
any necessary adjustments during 
transmission of the camera signals. An 
experienced operator may handle sev¬ 
eral control units when necessary. The 
reader should be thoroughly familiar 
with section 3.4, 3.5, and 6.3. 

The RCA studio type control unit is 
illustrated in section 3.4, and a sketch 
of the functional controls are shown by 
Fig. 6.4A. Fig. 6.4B illustrates a chain 
of General Electric camera control 
units as installed at station WRGB. 
The 3 units to the left are connected 
to three studio cameras, the next 2 
units are connected to 2 cameras in the 
movie and slide projection room and 
the sixth unit shows the picture se-

Figure 6.4A. Functional controls for video signal on RCA studio-type camera control unit. 
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Figure 6.4B. line-up of camera control units at TV station WRGB shown at top. The picture and 
waveform monitor controls are arranged vertically on each side of the monitor panels. The camera 

controls are on the desk of each monitor as shown below. Courtesy G. E. 
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lected and actually being broadcast. It 
is noted that these particular waveform 
monitors display the line and frame 
waveforms simultaneously, a distinct 
characteristics of GE equipment. A 
dual waveform monitor is described in 
greater detail in section 6.7 concerning 
a movie projector camera control unit. 

During a telecast, the video operator 
is responsible for the picture quality of 
each camera used in the pickup. Con¬ 
trols under his direct supervision de¬ 
termine the contrast and shading, 
amount of setup (section 3.5), image 
orthicon beam current, target potential, 
image focus, orthicon focus, blanking 
(pedestal) height, and video output 
level to the switcher and mixer unit. 
Although most of these controls are ad¬ 
justed during the rehearsal set up, any 
or all such controls may need touching 
up during the telecast for optimum 
picture quality. 

The two most used controls during 
an actual broadcast are the BEAM and 

TARGET knobs. Remember that upon 
appreciable change of lighting or scenic 
content, or upon a necessary camera 
lens iris adjustment, it may be neces¬ 
sary to reset the target voltage, since 
target cut-off depends upon the amount 
of light reaching the photocathode of 
the image orthicon. When the target 
voltage is changed, the beam current 
must again be re-adjusted to just dis¬ 
charge the highest highlights in the 
scene. When the highlights run away, 
or “bloom” on the picture monitor, it is 
better for the lens iris to be reduced. 
If, however, this is not momentarily 
feasible, the beam current must be 
slightly increased until this condition is 
remedied. 

Fig. 6.4C(1) illustrates one possible 
appearance of a test pattern when tar¬ 
get voltage is too low. The picture is 
noisy and “washed out.” Fig. 6.4C(2) 
is the appearance with optimum adjust¬ 
ment for picture transmission. Fig. 
6.4C(3) illustrates the picture when 

Figure 6.4C. (1) One possible oppearance of test pattern when target potential is too low. Illus¬ 
trates poor signal-to-noise ratio in picture. 
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Figure 6.4C. (2) Appearance of test pattern in properly functioning transmission system. 

shading is needed on the image orthi¬ 
con tube, providing the test pattern is 
evenly illuminated. In this case the pic¬ 
ture is progressively darker toward the 
left of the picture. The accompanying 
line waveform on the monitor scope 
would be slanted downward from right-
to-left toward the “black-’ level. The H 
Saw (SHADING) control on the stu¬ 
dio-type camera control unit is then 
adjusted so that the waveform becomes 
parallel to the lines across the monitor 
scope, at which time the picture should 
become as in Fig. G.4C(2). 
The pedestal or blankiuu level, amount 

of setup, and overall output level are 
very important in modern video operat¬ 
ing technique. The operator usually has 
his waveform oscilloscope switch thrown 
to the “LINE WAVE-FORM" position 
so that these characteristics may be con¬ 
tinually observed. (For single pattern 
scopes. ) 

Fig. G.4D shows pictures of typical 
line waveforms on a camera control 
unit oscilloscope. In this case, sync is 

not inserted at this point, as is always 
the case where multiple cameras are 
used requiring switching in the follow¬ 
ing mixer unit. Blanking, however, is 
always inserted at the camera control 
unit position. The proper waveform is 
shown in (1), indicating an approxi¬ 
mate setup of 10%, and an overall video 
amplitude (blanking level to reference 
white) of 1 volt. This is in accordance 
with the newest standards of actual 
operating practice gradually being 
adopted by TV stations. The composite 
level (with sync added) is then 1 volt 
of video, and 0.4 volt sync, for an over¬ 
all output level from the studio output 
amplifier of 1.4 volts (section 3.5). The 
usual deflection on a 5" waveform tube 
is such that a 2" pattern on the camera 
control unit scope indicates a value of 1 
volt of signal. The “Calibrate” control 
switch on the unit, when thrown to this 
position, should place a pulse of 1 volt 
amplitude on the screen for proper 
calibration. Some of the older units are 
still set for 2 volts calibration, and 
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Figure 6.4C. (3) Appearance of test pattern when shading is needed. In this instance, the picture 
is progressively darker to the left, and the accompanying line waveform would slant toward the 

black level to the left of the waveform monitor. 

the operator must, of course, follow 
the practice of his particular station 
in this respect. 

In (2) of Fig. 6.4D is the appearance 
of line waveform when “overshoot” is 
apparent in the signal. There is some 
discrepancy in opinion as to how much 
overshoot is allowable, and as to the 
required sensitivity of the scope for 
properly monitoring the signal in re¬ 
lation to video levels. The wider the 
bandwidth response of the associated 
scope amplifiers, the more is the appar¬ 
ent overshoot for a given signal. Some 
engineers recommend that the band¬ 
width of the monitoring scope be re¬ 
duced with a gradual “roll-off” at the 
upper end of the band. A regular wide¬ 
band scope would then be used to moni¬ 
tor quality of picture content, with the 
restricted bandwidth being used to 
measure level only. This problem arises 
from the fact that some operators re¬ 
gard the apparent overshoots to be an 

integral part of the video signal and 
adjust the output level accordingly, 
while others ignore the overshoot pres¬ 
ence in level adjustments. Since nation¬ 
wide networking of programs will even¬ 
tually emphasize the importance of 
some standard in level measurement, 
the problem is highly important. It 
seems to the author that definite stand¬ 
ards should be established only after 
exhaustive research as to allowable 
level of overshoot magnitudes for opti¬ 
mum picture quality, since it is known 
that severe overshoots in the white re¬ 
gion (resulting in cutoff of transmitter 
carrier) is not compatible with opti¬ 
mum operation of intercarrier type re¬ 
ceivers. 

The value of setup also varies be¬ 
tween stations, but the 10% value is 
rapidly being recognized as advantage¬ 
ous over the original recommended 
value of 5%. New scales designed to 
be used with the waveform scope em-
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Figure 6.4D. (1) Oscillograph waveform on camera control unit set to monitor lire-waveform, show¬ 
ing proper setup, shading, and 1 voit video ouiput level. (Camera control unit waveform monitor 

is connected to output of monoscope camera in this case.) 

phasize the importance of this value 
by showing a continuous line across the 
face at this level (section 3.5). Thus a 
certain amount of black overshoots may 
be present without reaching into the 
sync region, allowing an adjustment of 
the receiver background control so that 
retrace lines are positively blanked out, 
without clipping picture blacks that 
causes black compression with deteri¬ 
oration of the gray scale in picture con¬ 
tent. 
The video operator should assure 

that setup is maintained constant at all 
times, otherwise the brightness level 

Figure 6.4D. (2} Monoscope camera waveform 
as in (1), except with large overshoots, particu¬ 

larly in the white direction. 

at the receiver would require constant 
attention. He should note this value 
during successive scenes of any one 
program, and, obviously, upon succes¬ 
sive programs. Setup is determined by 
the ratio of video gain to blanking gain 
control for any given scene. As a gen¬ 
eral rule, however, the pedestal height 
may be set at the proper value which 
will not change upon adjustment of the 
video gain control. This is true because 
clamping occurs during pickup tube 
blanking (section 3.4), and the PED¬ 
ESTAL control thus determines the 
clipping level at a voltage fixed in rela¬ 
tion to reference black (section 3.5). 
If, then, the video gain is such that 
maximum picture black is less than this 
value, setup is established. Should ped¬ 
estal height change radically with video 
gain adjustment, the maintenance de¬ 
partment checks for trouble in the 
clamping circuits. 

Waveforms such as appear in Fig. 
6.4D were analyzed in section 3.5. In 
a fairly wide-band oscilloscope, the 
“grass’- in the white region is usually 
heavier as shown since most of the pic¬ 
ture content is in this region. Also 
shown is the method of adjusting for 
optimum picture shading. The picture 
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content of these particular waveforms 
is that of a test pattern, and the 
MULTI FOCUS and SHADING con¬ 
trols are adjusted so that the wave¬ 
form “grass” tops are approximately 
parallel to the reference lines on the 
screen, as outlined in the preceding sec¬ 
tion. 

6.5 Mixing jnd Switching Techniques 

The mixer-switcher unit selects the 
pre-viewed signal desired to be telecast, 
and feeds this signal to the following 
stabilizing amplifier where sync is in¬ 
serted to form the composite signal. 
This unit is presided over by the tech¬ 
nical director (abbreviated TD), by a 
>;w :lclTng operator, or in some cases by 
the producer of the show. The title of 
this operator varies with the station, 
but is usually referred to as the TI). 

Fig. 6.5A is a drawing of a typical 
mixer-switcher control panel, such as 
described in section 3.6. Only the most 
normally used controls are shown. The 
two banks of pushbuttons are inter¬ 
locked so that only one button in each 
bank may be depressed at one time, and 
cannot be duplicated on the other bank. 
Lever type fader controls are shown on 
the right, one for each bank of push¬ 
buttons. It should be observed that 
FADE IN position for pushbutton bank 
No. 1 is “up,” while FADE IN position 
for bank No. 2 is “down.” Suppose, for 
example, that Camera 1 pushbutton on 

bank 1 is depressed, as is Camera 2 on 
bank No. 2, and that camera 1 is on-
air. This means that both fader levers 
are in the “up” position, since this is 
the “in” position for camera 1 on bank 
1, and “out” position for camera 2 on 
bank 2. The fact that Camera 2 on bank 
2 is depressed indicates that the unit 
is readied to dissolve from camera 1 to 
camera 2. If a direct “cut” was to be 
made from camera 1 to camera 2, all 
that would be necessary would be to de¬ 
press Camera 2 pushbutton on bank 1, 
which would then cut to camera 2. Thus 
when the producer-director orders the 
actual dissolve to be made, the TD 
simply brings both lever controls 
“down” simultaneously. This fades 
camera 2 signal “in” while camera 1 
signal is faded “out” at the same rate, 
and both pictures occupy the screen 
for a brief moment during the dissolve. 
This function is sometimes termed lap¬ 
dissolve since it produces a momentary 
“lap over” of picture content. 

Several possibilities exist with such 
an arrangement, all of which are used 
in practice. Suppose for example that 
the producer wants one signal faded to 
black completely, then a gradual fade-
in of another signal. This may be done 
in one of two ways. Camera 1 on bank 
1 may be depressed with the signal on-
air, thus bank 1 fader will be up. Fade-
out is done as above by operating the 
bank 1 lever “down.” When the screen 

Figure 6.5A. Typical mixer-switcher control panel showing basic operational controls. 
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is completely black, Camera 2 push¬ 
button on bank 1 may now be depressed, 
which automatically releases Camera 1 
pushbutton. The fader control for bank 
1 may now be operated “up,” fading in 
the signal from camera 2. The other 
method would be to have the on-air sig¬ 
nal of Camera 1 on bank 1 faded out as 
above, while Camera 2 pushbutton on 
bank 2 is depressed with its respective 
fader in the “out” or “up” position. At 
the end of the fade out on camera 1, 
bank 1 fader lever will be down, and 
bank 2 fader levei' will be up. Thus 
neither signal is transmitted, and the 
screen is dark. Operating the fader 
lever for bank 2 “down” now fades in 
the signal of camera 2. 

The TD may not have the choice of 
method, even though either technique 
accomplishes the same thing. The choice 
may lie with the producer. The reason 
for this is that when a camera push¬ 
button is depressed, the “on-air” pilot 
light on the front of the studio camera 
is on, indicating to the performers that 
camera is in use, and their “play” may 
be directed to that camera. Thus in the 
first method described above, camera 1 
on-air light goes out at the same time 
that camera 2 pilot light goes on. If the 
mood of the production is such that the 
talent should “play” toward the on-air 
camera, this method shows immediately 
the switch in orientation to be made. If 
no such relationship of actor -to-camera 
exists, the second method may be used. 
It is obvious, of course, that the Camera 
1 pushbutton could be released by 
means of the “release key” for that 
bank (section 3.6) when the screen had 
been faded to black. Actually there is 
no particular advantage of either 
method over the other, and is mentioned 
here only to illustrate operational func¬ 
tions of the switcher control panel. 

Superimposures are readily accom¬ 
plished with the mixer unit. Actually 
we have already discussed one form of 
“super” in considering the lap-dissolve. 
The super is accomplished by depress¬ 
ing the desired pushbuttons, one in each 
bank, and adjusting their relative 
brightness by the respective fader con¬ 

trols. The operator must keep in mind 
that “up” is maximum brightness for 
bank 1, and “down” is maximum 
brightness for bank 2. When the pic¬ 
ture backgrounds are carefully ar¬ 
ranged on rehearsal, very satisfactory 
superimposures may be accomplished. 
One camera, for example, may use a 
wide-angle lens looking at a number of 
men who would be tiny compared to the 
close-up image of a man from another 
camera, resulting in lilliputien figures 
crawling all over the shoulders of the 
close-up image. Such effects must be 
extra-carefully rehearsed before air 
time. 

The switcher unit is also used to se¬ 
lect remote or network program origi¬ 
nations. In such cases, local sync is nor¬ 
mally removed, since the incoming sig¬ 
nals contain the composite waveform 
including sync. Should the sync signals 
fail or become inadequate for control, 
the sync-interlock relay is automati¬ 
cally energized, adding local sync to the 
following stabilizing amplifier as is 
done on studio shows. 

The TD, or operator of the switcher¬ 
mixer unit must be thoroughly familiar 
with production cues as applied to his 
operational position. The usual terms 
and their definitions are as follows: 
(1) READY TO FADE. This is a 
standby cue to the TD to expect the 
direct cue to fade out the signal now 
on-the-air. It is an alert order only, 
given to “ready” the operator for the 
action. 
(2) FADE OUT. This is the direct 
cue for TD action. He operates the re¬ 
spective fader to slowly fade the screen 
to black. Other terms used by some pro¬ 
ducers are: Fade-down, Fade to black, 
Go to black, Dissolve to black. 

(3) READY TO FADE IN ONE (or 
two or three, etc.). This is a standby 
cue to TD to be alert for the direct cue 
to fade in a specified camera. 

(4) FADE IN ONE (or two, or three, 
etc.). The direct cue for the TD to ad¬ 
just the respective fader from out to in, 
bringing the picture up in brightness 
from a black level. 

' 269 



Operating Studio and Control Room Equipment 

figure 6.5B. Courtesy RCA. 
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(5) READY ONE (or two, or three, 
etc.). A standby cue to alert both cam¬ 
eraman and TD that the direct cue to 
take camera one is anticipated. 

(6) TAKE ONE (or two, etc.). Direct 
cue to TD to cut to that camera. This 
is an instantaneous switch. 
(7) READY TO DISSOLVE TO ONE 
(or two, etc.). Alert cue to TD that di¬ 
rect cue to dissolve is anticipated. 
(8) DISSOLVE TO ONE (or two, 
etc.). Direct cue to TD to operate the 
faders simultaneously, with the* camera 
push button to which the dissolve is to 
be made depressed on the other bank. 

(9) READY TO SUPER ONE (or 
two, etc.). Alert cue for TD to antici¬ 
pate direct cue to superimpose the des¬ 
ignated signal over the one now on-the-
air. 

(10) SUPER ONE (or two, etc.). Di¬ 
rect cue for TD to add the designated 
signal to the on-air signal. This may be 
done gradually or “cut in” by depress¬ 
ing the super camera pushbutton with 
its respective fader already opened to 
the required brightness. 

(11) LOSE ONE (or two, etc.). Di¬ 
rect cue to TD to remove the superim¬ 
position. This cue may also be: Take 
out one or take out super, or go through 
to two, etc. 

The very important intercom system 
is usually associated with the TD po¬ 
sition. Communication must be main¬ 
tained both during rehearsals and on-
air broadcasts between the TD, the pro¬ 
ducer, program director, cameramen, 
camera control operators, mike boom 
operator, and any assistant production 
men near the cameras or mike booms in 
the studio. An illustration of a typical 
intercom switching control box, along 
with its associated simplified schematic 
is shown in Fig. 6.5B. 
To meet the requirements of the in¬ 

tercom and monitoring system, each 
operator is provided with a double ear¬ 
phone headset and microphone. The 
headsets are provided with dual plugs 
which provide a five-wire connection. 
This allows one earphone to reproduce 

the program sound, while the other re¬ 
produces the orders and cues given over 
the intercom network. Cameramen, and 
production men in the studio plug their 
units into jacks provided at the cam¬ 
eras, while mike boom operators plug 
them into jacks on the boom. Dolly op¬ 
erators also wear headphones. Opera¬ 
tors in the control room plug their 
headsets into jacks usually provided on 
the switcher unit. 

The intercom control box shown in 
the figure allows the TD and produc¬ 
tion director to talk directly with their 
respective engineering and production 
personnel, for the purpose of coordi¬ 
nating all aspects of the TV program. 
One bank of pushbuttons is for engi¬ 
neering, and one is for production. The 
TD, for example, can communicate di¬ 
rectly with any of his cameramen by 
pressing the desired “CAM” (camera) 
pushbutton on the Engineering bank. 
He may also converse with all engineer¬ 
ing personnel simultaneously by press¬ 
ing the “ALL CAM” pushbutton. The 
button “PL” connects to a private line 
which may run to ihe studio or any 
other designated point. 

By means of the “Production” bank, 
the producer-director can communicate 
with all assistant production men. He 
may also talk one-way to all production 
and engineering personnel simultane¬ 
ously by pressing the “PROG LINE” 
(program line) pushbutton. This con¬ 
nects his microphone into the line which 
supplies program sound to all person¬ 
nel. 

Film chain operators in the film room 
are cued on loudspeakers by the same 
intercom system. Some TD’s and pro¬ 
ducers commonly use the program line 
for nearly all instructions, as this gives 
all personnel an overall view of action 
and anticipated action. 

6.6 Using the Stabilizing Amplifier 

The mixer-switcher unit ordinarily 
feeds a stabilizing amplifier, where the 
composite sync signal from the sync 
generator is inserted, and then fed to 
the studio output line. The stabilizing 
amplifier is also usually found as the 
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Figure 6.6A. Action of a properly functioning stabilizing amplifier upon application of faulty 

waveforms. 

incoming network or remote line am¬ 
plifier, in the master control output 
(when a master- control room is used), 
and at the transmitter input position 
(Section 3.7). 
When used as the termination for 

the switcher-mixer unit and studio line 
output amplifier, its functioning in¬ 
cludes: correction of any fault in the 
video signals such as presence of hum 
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or low frequency distortion or un¬ 
wanted spikes and noise in the “white” 
region ; insertion of the composite sync 
signals into the video and blanking sig¬ 
nals from the switcher unit; and to pro¬ 
vide proper output level of the com¬ 
posite signal with correct sync-to-signal 
amplitude ratio. 
When used as an amplifier where 

sync is already inserted, such as on 
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the incoming network or remote lines, 
or at the line input to the transmitter 
room, its function includes: correction 
of any video signal fault as above, sepa¬ 
ration of sync for separate amplifica¬ 
tion and clipping to obtain noise-free 
sync at proper amplitude, to restore 
proper amount of setup, and provide 
amplification to step up the weak input 
signal voltage. Fig. 6.6A illustrates the 
action of a stabilizing amplifier when 
a faulty composite signal is applied to 
the input terminals. 

All stabilizing amplifiers do not have 
a provision to affect setup, but all other 
features are normally included regard¬ 
less of model. The General Electric TV-
16-B, illustrated in Fig. 6.6B, includes 
the setup adjustment. This is accom¬ 
plished by clipping the sync nearer to 
reference black level rather than at 
blanking level, amplifying the sepa¬ 
rated sync signals, clipping at the prop¬ 
er amplitude, and re-inserting the sync 
so that setup percentage is properly 
adjusted. 

The panel controls shown in Fig. 6.6B 
have the following functions: 

INPUT GAIN CONTROL: Used to 
control the gain of the incoming pic¬ 
ture signal. 

OUTPUT LEVEL CONTROL: Used 
to control the outgoing picture level. 

INPUT SIGNAL SYNC SELECTOR 
SWITCH : This is a three-position 
switch (1) NOISE, (2) NORMAL, 
and (3) LOW SYNC, which selects 
the gain and frequency response of 
the sync-separator circuit to accom¬ 
modate different classes of input sig¬ 
nals. 

SYNC SEPARATOR CONTROL: 
Sync pulse noise suppression control. 

WHITE CLIP CONTROL: This is 
used to limit white spikes that would 
otherwise project in the region be¬ 
yond reference white. 

SYNC HEIGHT CONTROL: Used to 
adjust amplitude of the sync pulse. 

BLACK CLIP CONTROL: Used to ad¬ 
just the reference black level. 

INPUT INPUT SIGNAL OUTPUT 
GAIN SYNC CIRCUIT LEVEL 

SYNC WHITE SYNC BLACK 
SEPARATOR CLIP HEIGHT CLIP 
CONTROL CONTROL CONTROL CONTROL 

Figure 6.6B. Broadcast television stabilizing amplifier Type TV-16-B. Courtesy G. E. 
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In addition to these controls, the prac¬ 
ticing operator may find a number of 
“remote controls,” located at some con¬ 
venient operating point, which perform 
the following functions: 

GAIN: Used to adjust the input pic¬ 
ture signal level after the panel con¬ 
trol INPUT GAIN CONTROL has 
been set at a predetermined value. 

CLIP FADE: Used to fade signal to 
black without losing the sync signal 
at the picture output. 

SYNC HEIGHT: This may be a remote 
control in which case the sync height 
control on the panel is bypassed and 
does not function. 

BLACK CLIP: This may also be a re¬ 
mote control, in which case the black 
clip control on the panel is bypassed 
and does not function. 

LOCAL-REMOTE-SYNC: Controls the 
operation of a relay in the amplifier 
which selects sync either from the 
picture signal, or sync and blanking 
from the studio sync generator. 
The complete block diagram of this 

stabilizing amplifier is shown in Fig. 
6.6C, and should be observed during the 
following discussion of operating tech¬ 
nique: 

(1) OPERATION WITH A COM¬ 
POSITE SIGNAL. This means that 
the video plus sync is present at the in¬ 
put terminals, such as off the network 
or remote-relay lines. Under the worst 
conditions to be assumed, hum is pres¬ 
ent with poor low-frequency response, 
the sync percentage is incorrect (sync 
should be at least 10% to be usable 
even with a good stabilizing amplifier), 
or the picture signal is not of the prop¬ 
er relative amplitude. (Setup.) 

It should be noted that in this case, 
local sync input is not required, as the 
incoming signal is composite. The first 
step is observation of the vertical and 
horizontal waveforms to ascertain nec¬ 
essary adjustments. The operator con¬ 
nects an oscilloscope (preferably with 
a calibrated screen) to the PICT. OUT 
(picture output) jack J7 (on rear of 
amplifier), or MON OUT (monitor out¬ 
put) jack J6 (also on rear of ampli-
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fier), or J12 which is on the front panel 
shown in Fig. 6.6B. The latter jack is 
simply parallel to the rear connection 
from the front panel. The normal se¬ 
quence of operations in initial set up 
for a given signal is as follows: 

A. Turn the INPUT SIGNAL SE¬ 
LECTOR SWITCH to the NOR¬ 
MAL position. 

B. Turn the OUTPUT LEVEL CON¬ 
TROL to the 1 volt position which is 
marked on the panel. 

C. Turn the WHITE CLIP, BLACK 
CLIP, and SYNC SEPARATOR 
controls full on, or clockwise. 

D. Turn SYNC HEIGHT control full 
off, or counterclockwise. 

E. Set INPUT GAIN control for 1 volt 
video as measured on the calibrated 
screen of the scope at the picture 
output jack. In this measurement, 
the operator ignors the sync pulse 
or white spikes, adjusting for 1 volt 
of actual video content. 

F. The BLACK CLIP control, which 
has been set full on, is now turned 
counter-clockwise until the sync 
pulse just disappears or until the 
blanking pedestal is free of notches, 
grass, or other distortions. 

G. The operator may now use the 
WHITE CLIP control to remove 
any white spikes which may be pres¬ 
ent (Fig. 6.6A). In the absence of 
white spikes the control is set so 
that the whitest part of the picture 
is barely clipped, then the control is 
backed off slightly. It is assumed 
here that the picture signal contains 
that amount of white picture that 
will be prevalent during the broad¬ 
cast. 

H. THE SYNC HEIGHT control is 
now adjusted to obtain proper sync 
percentage. 

I. Adjust the OUTPUT LEVEL con¬ 
trol to give the required level. The 
maximum level at the picture out¬ 
put for this amplifier should not ex¬ 
ceed 1.4 volts including sync if 1 to 
1 monitoring is used, and should not 
exceed 2% volts if 2/5 to 1 moni¬ 
toring is used. This means that for 



Figure 6.6C. 
Bock diagram G. E. type TV-ló-B stabilizing amplifier. 
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picture signals which must exceed 
1.4 volts peak-to-peak of composite 
waveform, a wire jumper is re¬ 
moved from terminals which lowers 
the monitor output to 2/5 of the pic¬ 
ture output. For composite signals 
of 1.4 volts, 1 to 1 monitoring is 
used. 

As a general rule the output level 
should remain constant from this am¬ 
plifier, and the OUTPUT LEVEL con¬ 
trol is thus permanently set. Any varia¬ 
tions in the level of the input picture 
signal should be corrected by adjust¬ 
ing the INPUT GAIN control. 
When a remote CLIP FADE control 

is used, the picture signal can be faded 
to black level without disturbing sync 
amplitude. Normally, this control is left 
in the maximum “on” (clockwise) posi¬ 
tion. If left in the mid-position for nor¬ 
mal operation, the picture signal will 
have incorrect contrast. 

(2) OPERATION WHEN SYNC SIG¬ 
NAL IS TOO LOW. 

A. Turn the stabilizing amplifier IN¬ 
PUT SIGNAL SYNC SELECTOR 
switch to LOW SYNC position. 

B. Adjust the other controls as ex¬ 
plained previously. 

C. Correct operation can be obtained 
with sync percentage as low as 10%, 
in comparison to normal 25% sync. 
The SYNC HEIGHT control is ad¬ 
justed to give the proper sync am¬ 
plitude. The front porch of the pic¬ 
ture output signal will be slightly 
lengthened under these conditions. 
GE recommends that for sync per¬ 
centages greater than 15% the se¬ 
lector switch be left on NORMAL. 

(3) OPERATION WHEN PICTURE 
INPUT SIGNAL IS NOISY. 

A. If the noise consists of glass in the 
sync and blanking regions, turn the 
SYNC SEPARATOR control until 
the sync as viewed at the PICTURE 
OUTPUT or MON OUTPUT ap¬ 
pears clean. 

B. If the noise consists of spikes or 
very bad grass, turn SIGNAL 
SYNC SELECTOR switch to the 
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NOISE position. If necessary, the 
SYNC SEPARATOR control is also 
used here. 

(4) OPERATION TO MIX LOCAL 
SYNC WITH NON-COMPOSITE SIG¬ 
NAL. This is the case where the stabi¬ 
lizing amplifier is fed from the mixer¬ 
switcher unit, which contains the video 
and blanking signals. 

A. Sync from the local sync generator 
(usually taken from the pulse dis¬ 
tribution panel) that is synchro¬ 
nous with the picture signal is con¬ 
nected to the SYNC IN jack on rear 
of amplifier panel. 

B. Use the LOCAL-REMOTE SYNC 
switch to operate the relay. (See 
block diagram.) 

C. The other controls are operated as 
in (1). The signal should be in fairly 
good condition in this case, as no 
long transmission circuits are in¬ 
volved. 

(5) OPERATION WITH SYNC¬ 
LOCK UNIT. (See section 3.9.) In this 
case the local sync generator is slaved 
oi' locked with that of a remote genera¬ 
tor. The SYNC OUTPUT of the stabi¬ 
lizing amplifier is connected to the 
SYNC INPUT of the sync-lock unit. 
SYNC and BLANKING signals are 
then taken from the local sync genera¬ 
tors. Sync injection is as described in 
step (4). Blanking is mixed with the 
stabilizing amplifier as follows: 

A. Local blanking from the pulse-dis¬ 
tribution panel is connected to the 
BLANK IN jack on rear of pane). 

B. Same as B in (4). 
C. Same as in (1) except BLACK 

CLIP which should be adjusted to 
give the desired level. 

1). By following the rest of operation 
as in (1) and (4), both local sync 
and local blanking are mixed at the 
same time. 

When the incoming composite signal 
has insufficient setup, local blanking is 
injected into the stabilizing amplifier 
as in (5), and the BLACK CLIP con¬ 
trol is adjusted to clip the signal nearer 
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to reference black ( rather than at nor¬ 
mal blanking level) thus increasing the 
setup percentage. 

Since a stabilizing amplifier includes 
almost every type of circuit found in 
the entire TV system, the complete 
schematic and circuit functions are in¬ 
cluded in Chapter 8 under Maintenance. 

6.7 Operating the Film Chain 

The film chain at the TV station con¬ 
sists usually of at least two projectors 
to feed one film camera by means of the 
multiplexer (sections 1.11 and 3.13), a 
film camera-control unit, and a number 
of necessary accessories such as re¬ 
winders and splicers. The above men¬ 
tioned sections should be familiar to the 
reader before undertaking this opera¬ 
tional discussion. 

Film is stored in tin cans which are 
filed in the film room in racks much as 
records are set on end in record files. 
The 35mm film will be found to have 
the perforations (sprocket holes) run¬ 
ning along both edges. The silent type 
Kimm film is also perforated along both 
edges, but 16mm sound film has per¬ 
forations along only one edge. This is 
adjacent to the picture frames of the 
film, the sound track being on the other 
edge. The small size of 16mm film does 
not necessitate sp rocket holes along 
both edges to keep it straight. 35mm 
film is composed of a nitrate base and 
is highly inflammable. Such film takes 
very special handling and is not allowed 
to stand still in the film gate when or¬ 
dinary projection lamps are used as in 
the shutter-type projector. 16mm film 
is on an acetate base, which is very 
slow-burning and called non-inflam-
mable. Although this is not strictly 
true, it does take an intense heat or 
direct flame before burning, and the 
words, “safety film” are printed along 
the edges of this film. 

Film of either size is coated on one 
side by a photosensitive emulsion. This 
is usually a form of silver halide sus¬ 
pended in gelatin, with silver deposited 
upon the coating after it has been re¬ 
acted upon by light and chemically de¬ 
veloped. This emulsion is the “dull” 

side in appearance, while the opposite 
side of the film is the “shiny” side. It is 
important that the operator learn to 
distinguish between the emulsion and 
base sides as will be mentioned later. 
35mm projectors are threaded with the 
emulsion toward the lamp. Itimm film 
is threaded with emulsion toward the 
lens. 
Either 35mm or 16mm film is pro¬ 

jected at the rate of 24 flames per sec¬ 
ond. This means that for 16mm film, 
the speed is 36 feet per minute, while 
the speed of 35mm is 90 feet per min¬ 
ute. Thus a standard 1000 foot reel of 
35mm film runs for about 11 minutes, 
while the same footage in 16mm film 
runs for about 28 minutes. 

The beginning of each reel of film is 
termed the “Protective Head Leader.” 
This leader is either transparent or raw 
stock, 5 to 6 feet long for 16mm and 
6-8 feet for 35mm film. This leader is 
used to protect the main part of the 
film during repeated threading proce¬ 
dures in which the film is twisted or 
bent. It is necessary since the sprockets 
must be properly threaded before the 
motor is started, otherwise the film is 
torn or mutilated. When the leader be¬ 
comes torn or shortened, it should be 
immediately replaced by splicing a new 
leader of the required length onto the 
front end of the film roll. Splicing is 
described later. 

Following the leader is the “Identi¬ 
fication Head Leader.” This contains 24 
frames (therefore one-second duration) 
of reel number' and picture title. 

The next section of the roll of film 
is termed the “Synchronizing Leader.” 
This consists of 20 frames ahead of 
PICTURE START mark, then 12 feet 
(for 35mm, or about 8 feet for 16mm), 
including picture start mark to picture. 
The rest of the description concerning 
this section of film is for 35mm, as no 
definite standards are, as yet, set for 
16mm. The operator should always 
check his film when using 16mm size. 
The section is opaque, except: in the 
center of the first frame there is 
printed across the picture and sound 
track area a white line 1/32" wide upon 
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which is superimposed a diamond %" 
high. In this same frame is printed 
SOUND START in white letters on 
black background. The next 15 frames 
are opaque. The PICTURE START 
mark is the 21st frame, and consists of 
black letters on white background, in¬ 
verted in frame. (Upside down.) From 
the PICTURE START mark to actual 
picture, the leader contains frame lines 
that do not cross the sound track area. 
Beginning 3 feet from the first frame 
of picture, each foot is plainly marked 
by a transparent frame containing an 
inverted black numeral at least Vz 
frame high. Thus the operator is 
“cued” easily into the start of actual 
picture. 

Now comes the main body, or “Pic¬ 
ture Section” of the film. “Standard” 
reels for 35mm run a maximum of 
about 2000 feet, no standard prevails 
for 10mm size. 

Toward the very end of the picture 
section is the “Cue” sections which con¬ 
sist of a “Motor Cue” and a “Change-
over Cue.” These cues are circular dots 
appearing in the upper right-hand cor¬ 
ner of the screen, which some readers 

may recall observing in the movie 
house. At about 10 feet for 35mm and 5 
feet for 16mm from the end of the pic¬ 
ture section, circular opaque marks 
with a transparent outline are printed 
on 4 consecutive frames so that they 
cause a momentary “burst” of light at 
the upper right corner of the picture. 
Four frames occur in only 1/6 second, 
so the operator must be observant in 
noticing them. This is the “Motor Cue,” 
which means that the operator starts 
the motor on the alternate projector to 
allow it to come up to sync speed before 
the actual changeover occurs. Twelve 
frames later is the beginning of the 
“Changeover Cue,” which is printed on 
4 frames as in the above motor cue. 
This is the cue to “douse” that projec¬ 
tor and “undouse” the alternate pro¬ 
jector which is cued in properly to take 
up the action where the other film left 
off. There is usually 6 to 8 foot length 
of “Trailer” on the run-out roll of film. 
Dousing may be done by automatic 

electrical means, or by manual opera¬ 
tion. When done manually, a lens cap 
is simply placed upon the run-out pro¬ 
jector at the same time that the cap is 

Figure 6.7A. Mounting dimensions and orientation of RCA 35mm TV projectors multiplexer, and 
camera. Courtesy RCA. 
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removed from the lens of the alternate 
projector. The run-out proj'ector is then 
turned “off.” Automatic means usually 
employ an electrically controlled auxil¬ 
iary shutter. Solenoids on the shutters 
are energized through a relay with two 
“make” positions, so that one projector 
lens is “closed” while the other is 
“open.” Operation of the changeover 
switch then reverses the function. 

The film projector for TV broadcast¬ 
ing serves only one basic purpose so far 
as fhe video is concerned; this purpose 
is to illuminate the film in accordance 
with television transmission standards, 
and to focus the briefly illuminated im¬ 
age onto the mosaic of the iconoscope 
pickup tube in the film camera. The 
video signal pre-amp is therefore lo¬ 
cated in the camera to amplify the 
weak output signal of the iconoscope 
tube. It should be remembered, how¬ 
ever, that when sound film is used, the 
sound track is 26 frames ahead of the 
corresponding picture frame, and is 
therefore in front of the photo-cell opti¬ 
cal unit at the same time the corre¬ 
sponding picture frame is in front of 
the projector lamp film gate. The pre¬ 
amp for the photo-cell, therefore, is in¬ 
corporated in the projector to amplify 
the weak audio output of the photocell. 
The output of this pre-amp then goes 
to the audio mixer console for proper 
control. The picture frames are halted 
momentarily in the film gate, whereas 
by the time the film has reached the 
sound drum, the motion is continuous. 
Otherwise the sound would be “jerky,” 
as sometimes occurs with “loss of loop” 
in the film. 

When a multiplexer is used to allow 
operation of two projectors with a sin¬ 
gle camera, extreme care must be exer¬ 
cised in properly aligning the projector, 
mirrors of the multiplexer, and camera 
housing opening where the light enters 
to reach the mosaic of the iconoscope. 
Fig. 6.7A illustrates a typical manu¬ 
facturers drawing showing the exact 
orientation of the respective units to be 
obtained upon set up of the equipment. 
Whenever the multiplexer is cleaned, 
which must be done often, extreme care 

is exercised to return the mirrors to 
their correct position. An inexact focus 
resulting from any misalignment of 
this equipment results in an inferior 
picture. 
Fig. 6.7B illustrates the Du Mont 

16mm TV Projector, made by the 
Holmes Projector Company of Chicago. 
A complete description of the adjust¬ 
ment and operation of this projector 
will now be given* to acquaint the 
reader with general procedures. During 
this discussion the newcomer should 
note the following important points in 
particular: Method and position of in¬ 
serting film, or “threading” the cam¬ 
era; loops on upper and lower side of 
film gate, and the very important phas¬ 
ing adjustment. It is well to observe 
the accompanying illustrations where 
the numbered components are men¬ 
tioned in the text, and become thor¬ 
oughly familiar with the proper termi¬ 
nology of projector parts. 

The 60 light pulses in this projector 
required each second, one for each ver¬ 
tical blanking period, are provided by 
dual shutters having a single aperture. 
The rear shutter is positioned between 
the condenser system and the film while 
the front shutter is placed ahead of the 
projection lens. 
The apertures in the shutters are 

aligned together and with both revolv¬ 
ing in the same direction, the reversing 
principle of the projection lens creates 
a light pulse projected onto the mosaic 
that is cut off simultaneously from the 
top and bottom to the center of the 
aperture. 

In practice it is desirable that the 
duration of the light pulse from the 
projector be at least % % less than the 
vertical blanking interval of the sta¬ 
tion and since at present most television 
stations operate with at least 7% 
blanking, the shutters furnished as 
standard equipment have apertures 
equivalent to 6%% for maximum illu¬ 
mination. 

If a station should operate with the 

*Courtesy Du Mont Laboratories. 
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Figure 6.7B. Dumont type 5130-C 16mm projector. Courtesy Dumont. 

minimum 5% blanking interval, shut¬ 
ters can be furnished accordingly. 

Sound on the film is reproduced in a 
conventional manner using a high fre¬ 
quency exciter lamp, film stabilizer, 
photo cell and preamplifier which ter¬ 

minates in a low impedance output with 
stepped frequency compensation. 

It is essential that the television pro¬ 
jector be synchronized with the tele¬ 
vision system at all times. This require¬ 
ment is assured through the use of a 
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Figure 6.7C. (1). 

large 3600 RPM synchronous motor 
with a separately excited direct cur¬ 
rent field winding to automatically 
phase the projector. This field, being 
polarized, always phases the motor in 
the same relationship with the tele¬ 
vision system. 
PREAMPLIFIER. The preamplifier 

(Fig. 6.7C(1) ) is a three-stage volt¬ 
age amplifying device operating on 50 
to 60 cycles alternating current at volt¬ 
ages from 107 to 127. The schematic is 
shown in Fig. 6.7C(2). 

The photocell in the projector has a 
high resistance when dark. This resist¬ 
ance diminishes over a fairly wide 
range as more and more light is per¬ 
mitted to enter it. The sound track on 
the film varies the amount of light from 
the exciter lamp (which is accurately 
focused on the film by the sound lens) 
which enters the photocell. The cell acts 
as a valve, passing current in propor¬ 
tion to the amount of light which enters 
it. This changing current, passing 
through a resistor in the preamplifier, 
in turn varies the voltage applied to 
the grid of the 6J5 tube. Subsequently 
the 6SL7GT tube amplifies the signal 
until the voltage is sufficient to provide 
an adequate level for the console input. 

The preamplifier supplies 6 volts AC 
at the line frequency to the pilot light 
in the control panel. 

A 5Y3GT tube rectifies the current 
for the required plate and screen volt¬ 
ages. 

The oscillator- circuit supplies 1 am¬ 
pere at 6 volts to the exciter lamp. The 

6V6GT tube in conjunction with the 
oscillatory circuit, energizes the exciter 
lamp at approximately 80 KC. 

The polarizing voltage of 90 volts di¬ 
rect current is also provided for the 
photocell in the projector. 

The preamplifier and projector are 
connected together by shielded cables, 
the photo-cell cable being coaxial, the 
shielding being the ground lead. The 
exciter cable is a twisted pair, shielded 
to prevent the high frequency exciter 
current being picked up by the icono¬ 
scope chain. 
CONTROLS. The control, identified 

by the designation VOLUME on its 
nameplate, as No. 18 in Fig. 6.7C(1) 
and as R13 on the schematic diagram 
is a continuously variable potentiome¬ 
ter. Its resistance element has a semi¬ 
log taper giving practically constant 
changes in volume for equal increments 
of rotation. The audio output level of 
the equipment is regulated by this con¬ 
trol. 

The impedance switch, identified by 
the designation OUTI’UT-OHMS on 
the preamplifier nameplate, as No. 19 
Fig. 6.7C(1) and as SW2 on the sche¬ 
matic diagram is a three-position 
switch connected to the output trans¬ 
former. Three impedances are avail¬ 
able; 30 ohms for connecting into a 
microphone input, 250 ohms and 600 
ohms for connecting into the audio con¬ 
sole circuit. 

The switch, identified by the des'gna-
tion HIGH FREQUENCY on the pre¬ 
amplifier nameplate is No. 20 in illus¬ 
tration Fig. 6.7C(1) and is SW1 on the 
schematic diagram, provides stepped 
frequency compensation in the output 
circuit. 

This compensation, in conjunction 
with a standard 16mm multifrequency 
test film, will attenuate or accentuate 
the high frequencies depending on 
which position the switch is set. The 
following figures represent the approxi¬ 
mate deviation in 1)B at 5000 cycles 
relative to 400 cycles: 
Position No. 1. .—5.0 I)B at 5000 cycles 
Position No. 2. . 0.0 I)B at 5000 cycles 
Position No. 3. .4-5.0 DB at 5000 cycles 

• 281 



Figure 6.7C. (2) Schematic diagram of preamplifier. 

Operating Studio and Control Room Equipment 



Operating Studio and Control Room Equipment 

Figure 6.7D. 

Films with good recording will pro¬ 
vide the most desirable sound when run 
on position 2 which produces an essen¬ 
tially flat response. Films in which the 
background noise is high will sound 
better when run on position 1 which 
will attenuate the high frequencies. 
High frequency deficiency in films may 
be equalized by running them on posi¬ 
tion 3 which provides approximately 
5 DB increases in the highs. 
CONTROL PANEI.. The following 

refers to Fig. 6.7D, unless otherwise 
indicated. 

Master Switch — Power is supplied 
to all circuits and components when 
this switch is thrown ON. Elapse Time 
Clock will also start. 

Master Pilot — This pilot will show 
AMBER when Master Switch is ON. 

Motor Switch — Projector and blow¬ 
er will start when this switch is oper¬ 
ated. 

D.C. Field Exciter Pilot—This pilot 
will show BLUE, indicating direct cur¬ 
rent is being supplied for the motor 
from the rectifier. 

Projection Lamp Switch — This 
switch controls the projection lamp and 
is electrically interlocked with the Mo¬ 
tor switch so that it is inoperative un¬ 
less the Motor Switch is ON. 
Defective Lamp Pilot—This pilot is 

normally dark. When the projection 
lamp burns out the Defective Lamp Pi¬ 
lot will show RED. At the same time a 
buzzer will operate. When these visual 
and audible warning signals operate, 
the operator pulls outward on knob No. 
24, as far as it will go, which moves the 
spare lamp into the proper position on 
the optical line and turns it ON. The 
buzzer will then stop but the pilot will 
continue to glow to remind the operator 
to change the defective lamp as soon 
as the reel is through. 

After the defective lamp is replaced, 
knob No. 24 is pushed inward again, 
which will set the circuits for normal 
operation. 
CAUTION — When pulling knob No. 

24 outward to move the spare lamp, 
pull smoothly and slowly because if the 
motion is rough or erratic, the filaments 
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in the lamp may jar together and burn 
out. 

Remote Operate Pilot — This pilot 
will show YELLOW when Remote Op¬ 
erate Switch is ON. 
Remote Operate Switch — Throwing 

this switch ON lights a pilot at some 
remote station and the projector can 
then be operated by remote control. Re¬ 
ferring to Fig. 6.7E a three-prong male 
plug is shipped with the equipment, in¬ 
serted in receptacle No. 27 (Fig. 6.7E). 

When the operator has the projector 
threaded, the Motor Switch is left in its 
OFF position, but Projection Lamp 
Switch is thrown ON. The Remote Con¬ 

trol Switch is then thrown ON, which 
will indicate to the remote station the 
equipment is ready to run. 

Control can again be acquired by the 
operator by throwing Motor Switch ON 
and Remote Operate Switch OFF. 

Exciter Lamp Switch — This switch 
operates the exciter lamp which is hid¬ 
den from view by exciter lamp cover 
No. 29 (Fig. 6.7D). 

Preamp Pilot — This pilot will show 
GREEN when the Master Switch is 
ON, indicating the preamplifier is op¬ 
erating. 
Threading Lamp Switch — This 

switch operates the threading lamp 
shown enclosed by its cover No. 30. 

Figure 6.7E. 
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Figure Ó.7F. 

PRELIMINARY TEST. When all 
electrical connections have been made, 
throw Motor Switch ON. Master pilot, 
D.C. Field Exciter pilot and Preamp 
pilot should glow. Turn Threading Lamp 
ON by operating Threading Lamp 
Switch. Start motor by operating Motor 
switch. Approximately 3 seconds are 
required for the projector to come up 
to synchronous speed. A pulsating mo¬ 
tor sound together with flickering of 
the D.C. Field Exciter pilot just before 
the projector attains synchronous speed 
is normal. Light projection lamp by 
throwing Lamp switch ON. 

Referring to Fig. 6.7H. No. 33 indi¬ 
cates a variac for controlling the volt¬ 
age to the projection lamp and No. 34 
is a voltmeter indicating the vo’tage 
supplied to the lamp by the variac. 
Turn variac knob clockwise until the 
voltmeter registers the same as the 

lamp voltage which is stamped on top 
of the lamp. Lamps furnished as stand¬ 
ard equipment are 115 volts. 
NOTE — At least once a week the 

variac knob should be rotated back and 
forth a few times which will tend to 
eliminate any oxidization of the wire 
coils under the contact brush due to the 
high iamp current. 

Position framing knob No. 31, Fig. 
6.7F in the middle of its vertical move¬ 
ment. Focus the aperture on the cam¬ 
era mosaic by revolving projection lens 
No. 32 in either direction until a sharp 
rectangular outline appears. The lens 
is now very close to correct focus. 
Referring to Fig. 6.7B the mean 

height of the center of the projection 
lens to the floor is 48" with an adjust¬ 
ment of approximately 1" above or be¬ 
low this figure. The projector head may 
be adjusted vertically, horizontally or 
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Figure 6.7G. 

tilted up or down by adjusting the four 
circular nuts No. 4. Insert a small rod 
in the holes in the sides of the nuts and 
turn them in eithei’ direction as re¬ 
quired. 

After the projector has been adjusted 
so that the image of the aperture is 
properly positioned on the mosaic and 
the four nuts No. 4 are all down tight 
against the top of the base so the pro¬ 
jector will not rock, take the four wash¬ 
ers and hexagon nuts (which held the 
projector in its wooden shipping box) 
and place them inside the base on studs 
No. 3 and screw the nuts up tight. 
Referring to Fig. 6.7E make sure 

that takeup belt No. 5 is in the groove 
of takeup pulley No. 7. Cross the belt 
ABOVE belt pulleys No. 6 and move 
the arm holding these pulleys out so 
that takeup belt will fit down into the 
groove in each pulley. Release the arm, 
and the spring attached to it will pro¬ 
vide the proper tension both for belt 
stretchage and projector height adjust¬ 
ment. 
PHASING. With projection lamp 

ON and directed onto the mosaic, note 
position of white phase bar on the 
monitor. If the phase bar is near the 

center of the screen, snap Motor Ex¬ 
citer switch No. 35, Fig. 6.7E, to the 
other side which will change the motor 
phase 180 degrees. The phase bar on 
the monitor will then either disappear 
or show only slightly at the top or bot¬ 
tom of the screen. If the latter condi¬ 
tion results, proceed as outlined below. 

Referring to Fig. ß.7G, turn phasing 
knob No. 71 in either direction (which 
will revolve the motor accordingly) un¬ 
til the phase bar has completely disap¬ 
peared. Turn motor and lamp OFF. 
SOUND. Light excitei- lamp by op¬ 

erating Exciter Lamp switch in the con¬ 
trol panel. Turn impedance switch No. 
19, Fig. 6.7E, to the proper impedance. 
Set Frequency switch No. 20 on the 
No. 1 position and turn Volume Con¬ 
trol No. 18 to 5 on its dial plate. Set 
the master control room volume to nor¬ 
mal level so the monitor speaker will 
operate at its proper level. 
Referring to Fig. 6.7F move an 

opaque card up and down quickly be¬ 
tween sound lens No. 52 and stabilizer 
drum No. 53 which will modulate the 
light into the photo cell. A staccato 

Figure 6.7H. 
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sound from the monitor speaker will 
indicate the audio section is in proper 
order. If this is not the case, see that 
all lubes in the preamplifier are down 
tight in their respective sockets, check 
all connections and/or check the exciter 
lamp. Instructions for replacing the 
excitei- lamp are given later. Turn ex¬ 
citer lamp OFF. 

BRAKE. An emergency brake is pro¬ 
vided in case of film breakage and is 
operated by the handle No. 74, Fig. 
6.7D, which extends through the top of 
cover No. 22. 

In the event the projector must be 
stopped quickly, first snap OFF the 
motor switch and pull or push handle 
No. 74 towards the threading side of 
the machine. This will release the brake 
handle from its locking slot and spring 
action will operate the brake, stopping 
the projector in approximately 6 inches 
of film. 

To release the brake, pull the handle 
back as far as it will go and over to¬ 
wards the back side. 
CAUTION—-Always make sure the 

brake is released before starting the 
projector. It is advisable to do this the 
instant the machine has stopped. 
THREADING. Before threading pro¬ 

jector, straighten out clip No. 3G, Fig. 
6.7B, on the end of the feed reel shaft 
and clip No. 37 on the end of the take¬ 
up reel shaft. 

Referring to Fig. 6.7F, open feed 
sprocket shoe No. 40 by pressing down¬ 
ward on it. Open picture gate by press¬ 
ing forward on arm No. 42, which will 
let pawl No. 43 drop down and hold 
gate open. Open intermittent sprocket 
shoe No. 46 by pressing same down¬ 
ward. Open takeup sprocket shoe No. 
49 and hold back sprocket shoe No. 55 
by lifting each up. 

Regardless of the type of film being 
projected — standaid release prints, 
transcription films, direct reversals, 
etc. — the picture or titles must be up¬ 
side down and the sprocket holes must 
be on the outside towards the operator. 

Position the full reel on the feed arm 
shaft and align the small circular slot 
in the reel hub with the round key on 

the shaft. Push reel in as far as it will 
go and snap clip over so it is at right 
angles to the shaft. Unwind approxi¬ 
mately five feet of film. 

Place film in back of guide roller No. 
38 and around feed sprocket No. 39. 
Grasp film with right hand above roller 
No. 38 and hold it between the ilanges 
of the roller. Hold the film in back of 
sprocket No. 39 between the forefinger 
and middle finger of the left hand. Mov¬ 
ing both hands back and forth in uni¬ 
son, work film onto sprocket until the 
sprocket teeth project through the 
holes in the film. Reach over with the 
left thumb and close shoe No. 40 which 
will conform to the curvature of the 
sprocket as shown. 

Place film in back of guide rollers 
No. 41, continue it cown through the 
picture gate and around intermittent 
sprocket No. 45. Grasp film with the 
right hand above rollers No. 41, leav¬ 
ing a loop as shown. Hold film with the 
left hand just below intermittent 
sprocket No. 45. With the right hand 
move film forward so that it lays be¬ 
tween rollers No. 41 and with the left 
hand work film onto sprocket No. 45. 
Reach over with the left thumb and 
close sprocket shoe No. 46. 

With the film still held by the right 
hand, make sure it is lying flat and 
down in between the long side guides 
into which the pressure plate of the pic¬ 
ture gate fits. Close picture gate by lift¬ 
ing upward on pawl No. 43. 

Continue film down between sprocket 
No. 48 and shoe No. 49, under roller No. 
50, around sound drum No. 53, over the 
top of roller No. 53A, between sprocket 
No. 54 and shoe No. 55 and down over 
the top of roller No. 56. 
Leaving a loop approximately the 

one shown as No. 47, position film on 
takeup sprocket No. 48 and close shoe 
No. 49 by pressing downward on it. 
When making loop No. 47, do not make 
it so large it will rub on the shutter 
housing. Conversely, do not make this 
loop so small the film will be pulled 
taut between the intermittent sprocket 
No. 45 and takeup sprocket No. 48. 

When positioning the film on hold-
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back sprocket No. 54, pull film to the 
left as far as it will go and then move 
it to the right until the sprocket teeth 
enter the film. Close shoe No. 55 by 
pushing it down. If the film is properly 
threaded, stabilizer roller No. 50 will 
normally be raised a short distance up 
from drum No. 53 as shown. The small 
loop under roller No. 50 is essential for 
proper operation of the stabilizer drum. 

Referring now to Fig. 6.7B, place an 
empty reel as LARGE or LARGER 
than the full reel on the lower reel 
shaft and lock same in position by 
snapping clip No. 37 over. Bring film 
down from guide roller No. 56, around 
roller No. 57 and underneath the take¬ 
up reel, as it revolves in clockwise di¬ 
rection. Insert end of film in the slot 
in the reel hub and revolve reel until 
film is taut. 

Extending from the front of the ma¬ 
chine is a knob No. 58 which, when re¬ 
volved, turns the entire mechanism. Re¬ 
volve this knob “top going” 5 or 6 
times. This will turn the mechanism in 
the proper direction and it can then be 
noted whether or not all sprockets are 
moving film and whether or not all 
loops stay the proper size. If this proce¬ 
dure shows the machine is properly 
threaded, it is ready to run. 
OPERATING. The technique of co¬ 

ordinating the television projector with 
other types of programs in the station 
will of course depend on the individual 
methods evolved by each station. The 
following is a general outline which 
may be supplemented to fit existing con¬ 
ditions. 

It must be remembered that approxi¬ 
mately 3 seconds are required to bring 
the projector up to synchronous speed 
from the time it is started. An opaque 
starting leader should be used during 
this interval. The operator (and re¬ 
mote control operator) should practice 
starting the machine until the exact 
length of film is determined together 
with the elapsed time from start to 
synchronous speed. After the length of 
film is known, some cue mark may be 
placed on the leader the required dis¬ 
tance from the projector picture aper¬ 

ture. In this way the operator, knowing 
the time required to run the starting 
leader, can start the projector so many 
seconds BEFORE the picture is to ap¬ 
pear. 

If a number of subjects are to be con¬ 
nected together on a reel and run at 
different intervals, enough leader should 
be spliced at the end of each subject to 
allow the machine to stop and then to 
be run again until starting cue of the 
next subject is at the picture aperture. 
FRAMING. Under normal condi¬ 

tions, when projecting film which has 
been printed to standard specifications, 
the amount of framing necessary will 
be so small that the movement of the 
aperture image on the mosaic will not 
be noticeable due to the picture being 
larger than the masking on the pickup 
tube. 

In the event film is run on which the 
pictures have been misprinted, it may 
be necessary to frame so much that the 
aperture image will appear on the mo¬ 
saic, reducing the size of the trans¬ 
mitted image. 

Extending out from the back of the 
projector is a large handwheel. Rotat¬ 
ing the handwheel will tilt the projec¬ 
tor head up or down, as desired. 

If it becomes necessary to frame so 
much that the picture on the mosaic is 
cut off at the top, turn the above-men¬ 
tioned handwheel away from the 
threading side, which will move the pic¬ 
ture up on the mosaic. If the picture is 
cut off at the bottom on the mosaic, 
turn the handwheel towards the thread¬ 
ing side which will lower the picture on 
the pickup tube. 
REEL ADJUSTMENTS. To keep a 

full reel of film on the feed reel arm 
from overrunning, a friction means is 
employed consisting of a disc fastened 
to the feed shaft against which presses 
a fibre plunger. 

After- months of continuous use the 
action of the plunger on the disc may 
cause a noise. Wet the end of the finger 
with oil and place it on the surface of 
the disc against which the plunger-
bears. 
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Figure Ó.7I. Method of rewinding film. 

CAUTION — Too much oil will ren¬ 
der the friction means inoperative. 

The clutch provided on the takeup 
reel shaft consists of a free-running 
pulley driven by the takeup belt and a 
felt-faced disc keyed to the shaft. The 
disc No. 7, Fig. 6.7G, is forced against 
the pulley by spring tension. The ten¬ 
sion on the film by the takeup reel may 
be varied by loosening the knurled 
screw in the collar on the end of the 
takeup reel shaft and moving the col¬ 
lar in or out, as desired. 

The takeup reel should revolve the 
moment the projector is started. This is 
imperative because if the film becomes 
slack, the momentum of the -eel will 
tend to snap the film as it gains speed. 
REWINDING. A pair of hand or 

bench rewinds may be shipped with the 
equipment or purchased later and con¬ 
sists of two elements or separate fix¬ 
tures, one with a revolving spindle 
geared to a hand crank and the other 
with a stationary spindle on which the 
full reel revolves. The rewinds should 
be clamped or fastened to a table or 
shelf approximately 30 inches apart, 
Fig. 6.71, so that the geared unit is on 
the right and they should be so posi¬ 
tioned that the film travels from one 

reel to the other in a straight line and, 
particularly, the film should not strike 
the flanges of the reels. 
Place an empty reel, as large or 

larger than the full reel to be rewound, 
on the right (geared) fixture. Remove 
the full reel from the projector and, 
as most reels have a square hole in one 
side, turn the reel over and place it on 
the left-hand fixture so that the square 
hole is towards the rewind. The film 
will then come off the top of the reel, 
as shown (Fig. 6.71), the emulsion side 
will be up and the sprocket holes in the 
film will be away from the operator. 

Carry the end of the film straight 
across and place it in the slot in the 
hub of the empty reel. Revolve the 
crank so that the reel revolves in a 
clockwise direction, as indicated by the 
arrow. Rest the left hand lightly on the 
full reel. 
PROJECTION LAMP ADJUST¬ 

MENT. The condenser system of the 
projector has been designed to accom¬ 
modate a large variation in projection 
lamp positioning without any sacrifice 
in evenness of mosaic illumination. The 
system will also take care of a wide vari¬ 
ation in lamp filaments. 

In the event a new lamp is installed 
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and a slight unevenness of illumina¬ 
tion is noted, it may be adjusted as 
outlined below. 

Adjusting screw No. 64, Fig. 6.714, 
positions the spare lamp. Directly op¬ 
posite this screw is a similar one which 
can be reached from the back of the 
machine. Each has a locking nut on it. 

Standing at the back side of the ma¬ 
chine, turn the back screw in a clock¬ 
wise direction, which will move the 
main lamp outward. Turning the back 
screw counter-clockwise allows the 
lamp to be moved inward. When per¬ 
forming the last operation, always 
keep knob No. 24 pushed inward each 
time the screw is turned. 

To adjust the spare lamp follow the 
same instructions as outlined above by 
turning the screw No. 64 in the de¬ 
sired direction. 
Exciter Lamp. The exciter lamp 

should be examined every two or three 
weeks to ascertain if the filament is 
sagging and/or the bulb is blackened 
in the vicinity of the filament. A sag¬ 
ging filament will tend to attenuate the 
high frequency response and may in¬ 
troduce noise into the sound system. A 
blackened bulb will tend to lower the 
output of the sound system. Either of 
the above mentioned conditions are suf¬ 
ficient for lamp replacement. 
Pulling outward on exciter lamp 

cover No. 29, Fig. 6.7F, will expose the 
exciter lamp. To remove the exciter 
lamp, turn it counter-clockwise as far 
as it will go and pull straight out. 
Before replacing a new lamp, note 

the base has three elongated slots. The 
socket in the projector is provided with 
three studs which are so positioned that 
the lamp can be inserted only one way. 
Place lamp in the stocket and turn it 
until the slots are aligned with the 
socket studs. Press lamp inward and 
turn same clockwise as far as it will go. 
Replace exciter lamp cover. 
Due to the wide variation in lamp 

filament centering, a new lamp may in¬ 
troduce excessive noise in the sound 
system. If this is the case, loosen 
slightly the four screws which secure 

the exciter lamp casting, one of which 
is shown as No. 65, Fig. 6.7F. 

Move the casting up or down as re¬ 
quired until the noise is eliminated. 
Tighten screws No. 65 just enough to 
hold the casting in place. If the screws 
are tightened too much, they will nul¬ 
lify the action of the four rubber 
mounts. 
TIMING THE SHUTTER. The rear 

shutter is set at the factory to eliminate 
travel ghost, but if retiming is neces¬ 
sary, the following instructions should 
be followed: 

Remove the rear shutter cover con¬ 
taining the condenser lens. 

Stand on the threading side of the 
projector and holding intermittent 
sprocket No. 45, Fig. 6.7F, revolve 
shutter shaft until the intermittent 
sprocket has turned and has just 
stopped. This can be ascertained by 
rocking the sprocket back and forth 
(while revolving shutter shaft) until 
the point is reached wherein it is im¬ 
possible to further rock the sprocket. 

It is at this point that the opening 
in the shutter should be on the verge of 
uncovering the opening in the inter¬ 
mittent housing. If the intermittent 
housing opening is completely closed by 
the shutter, revolve shutter shaft un¬ 
til the intermittent sprocket turns 
again. Every other time the sprocket 
turns the shuttei- opening will be 180 
degrees across from the intermittent 
housing opening. 

If it is apparent the shutter needs 
adjusting, loosen the two U-20 Allen 
head set screws in the shutter hub. 
Holding the shutter shaft knob in the 
right hand (so shutter shaft will not 
move), revolve shutter the necessary 
amount in either direction so that the 
shutter opening just starts to uncover 
the intermittent housing opening. 
Tighten the two set screws SE¬ 
CURELY, as repeated stopping with 
the brake will tend to slip the shutter 
if the screws are the least bit loose. 
Replace shutter cover, etc. 
ALIGNING SHUTTERS. If the rear 

shutter is moved the least amount on the 
shutter shaft, the front shutter must 
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be aligned so that the openings in both 
shutters are in line; that is, the corre¬ 
sponding edges of the openings must 
both cross the optical center at the 
same time. 

To accomplish this, first remove the 
shutter shaft knob. Next remove the 
eight screws holding the front shutter 
cover and take cover off. Loosen two 
14-20 Allen head set screws in the shut¬ 
ter hub. 

Referring to Fig. 0.71), unscrew re¬ 
taining ring and pull motor connector 
No. 70 out, which will electrically dis¬ 
connect the motor. Turn variac down 
to zero voltage and throw both motor 
and lamp switches ON. Place an insu¬ 
lated object on the motor relay so that 
it is ciosed and making contact. Turn 
the variac up until approximately 20 
volts are indicated on the voltmeter. 
This will cause the projection lamp to 
glow. WITH THE MOTOR NOT RUN-
ING AND THE REAR SHUTTER 
STATIONARY, HIGHER VOLTAGE 
ON THE LAMP WILL CAUSE THE 
SHUTER TO BLISTER. 

Rotate shutter shaft until the rear 
shutter opening allows light from the 
lamp to pass through the picture lens. 
Standing in front of the projector, po¬ 
sition one eye so that the rectangular 
image of the picture aperture is in the 
center of the picture lens. Holding this 
position, rotate shutter shaft until one 
edge of the rear shutter opening is on 
the horizontal center line of the picture 
aperture image. Still holding the same 
position, rotate the front shutter until 
the corresponding edge of the opening 
is also on the horizontal center line of 
the picture aperture image, which will 
mean that the corresponding edges of 
the openings in the shutters will be on 
the optical center line. Tighten the two 
set screws in the shutter hub securely. 
Turn motor and lamp switches OFF 
and replace shutter cover and shutter 
shaft knob. 

Insert motor connector No. 70 in its 
receptacle in the motor and screw re¬ 
taining ring down tight. Be sure and 

Figure 6.7J. Threading of buzz-track film in pro-
jector for lateral alignment on the sound drum. 

remove the object which held the motor 
relay closed. 
BUZZ TRACK FILM ALIGNMENT. 

In the event it becomes necessary to 
laterally align the film on the sound 
drum, a piece of 16mm buzz track film 
should be used, as the quality of sound 
reproduction will depend on the lateral 
alignment of the sound track relative 
to the light beam from the sound lens. 

Secure a piece of buzz track film ap¬ 
proximately 18 inches in length and ce¬ 
ment it into a loop. Thread the projec¬ 
tor as shown in Fig. 6.7J. 

Start the projector and with the ex¬ 
citer lamp ON, turn the amplifier vol¬ 
ume up until a substantial level is 
heard from the monitor speaker. Loos¬ 
en locking screw No. 1, which will al¬ 
low adjusting nut No. 2 to be rotated 
in either direction. This operation will 
move the flanged sound guide roller No. 
3 in or out. 

The buzz track film has a 300-cycle 
note recorded on one side of the sound 
track and a 1000-cycle note on the 
other. Adjusting nut No. 2 should be 
rotated until neither the 300-cycle or 
1000-cycle note is heard in the monitor 
speaker. At this point the film sound 
track will be in proper- alignment with 
the sound lens light beam. Make sure 
that locking screw No. 1 is again tight¬ 
ened securely. 

SPLICING FILM. It is very impor¬ 
tant that all the emulsion be scraped 
off the film where it overlaps. It should 
be borne in mind that the emulsion ex¬ 
tends clear across one face of the film 
and that film cement has no binding ac-
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Figure 6.7K. A typical film splicer. 

tion on the emulsion but acts only on 
the celluloid base. 

A typical splicer is shown in Fig. 
6.7K, and the following instructions re¬ 
fer to it. 

To prepare the splicer for operation, 
swing cutting blade No. 1 towards the 
operator and raise scraper plate No. 2 
and clamping plate No. 3 upward and 
away from the operator, Fig. 6.7K(1). 
Note that plates No. 4 and No. 5, upon 
which No. 2 and No. 3 rested, are pro¬ 
vided with pins and guides for the film. 

The practical position for the splicer 
is on the rewind table between the re¬ 
winds. Take one end of the broken film 
and with the emulsion side UP place 
the film between the two round guides 
and down onto plate No. 4 so that the 
two projecting positioning pins enter 
the sprocket holes in the film. Let 
enough of the film extend over the edge 
so that a clean cut can be made, as 
shown at No. 6 Figure 6.7K(1). With 

the film in this position, swing scraper 
plate No. 2 towards the operator and 
down tight onto plate No. 4. 

Take the other side of the broken 
film and with the emulsion side UP 
position it on plate No. 5 Fig. 6.7K(1) 
and repeat the above operation so that 
clamping plate No. 3 rests on plate No. 
5, as shown. 

Swing cutter No. 1 up, over and down 
as far as it will go, as shown in Fig. 
6.7K(2), which will cut both pieces of 
film to the required dimension. Swing 
cutter No. 1 back to its original position. 

As shown in Fig. 6.7K ( 2 ), scraper No. 
7 normally lies with the face of the 
blade upward. Scraper No. 7 is pivoted, 
so revolve it 180 degrees, as shown in 
Fig. 6.7K(3), so that the blade rests on 
the extended piece of film. With the 
right hand grasp scraper No. 7 and 
move it back and forth until all the 
emulsion has been scraped off. When 
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Higure 6.7L. Guide for hand-splicing of films. 
Courtesy Dumont. 

all the emulsion is off, the film will be 
transparent in that area. 
CAUTION — Do not put excessive 

pressure on the scraper, as it will tear 
the film. 
After all the emulsion has been 

scraped off, release scraper and it will 
return to its original position out of the 
way. 

Apply an even coat of “Safety Film 
Cernent” on the area of the film from 
which the emulsion has just been 
scraped. Grasp Plates No. 3 and No. 5 

(which have previously been clamped 
together) and swing them upward a 
few inches. Push both plates to the left 
as far as they will go and again press 
them downward until they stop and 
are locked by catch No. 8, as shown in 
Fig. 6.7K(4). Be sure to press down 
upon plate No. 3 until catch No. 8 oper¬ 
ates. 
CAUTION — When moving plates 

No. 3 and No. 5 to the left, be sure to 
keep them together so that the film 
clamped between them will not shift. 

Leave the film in this position, Fig. 
G.7K(4), for approximately 30 seconds 
and then open plate No. 2. Pull back 
on catch No. 8 and open plate No. 3 and 
remove spliced film. Pull back again on 
catch No. 8 and raise plate No. 5 and 
move both No. 3 and No. 5 to the right 
as far as they will go. Splicer is now 
ready for operation again. 
HAND SPLICING. At some time or 

other it may be necessary to make a 
splice without the benefit of a splicer. 
If this is the case, the following instruc¬ 
tions should be followed closely. 

Figure Ó.7M. General Electric television film camera. Courtesy G. E. 
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Referring to Fig. 6.7L, “A” and “B” 
are two pieces of film to be spliced, with 
the dull or emulsion side up. Film “A” 
is cut off 3/64" in front of sprocket 
hole No. 1. The emulsion is then 
scraped off the film for a distance of 
%" back from the cut, as shown at “C." 
Film “B” is also cut off 3/64" ahead of 
sprocket hole No. 2. 

Care must be taken in lining the two 
pieces up, as the sprocket holes must 
match and the corresponding edges of 
the pieces roust be in a straight line, 
otherwise the splice will either jam or 
be thrown out of the picture gate. 

Secure anything with a straight edge 
eight inches or more in length and lay 
it on a level surface. Lay film “A” on 
the level surface with the emulsion side 
up, so that the edge is against the 
straight edge. Apply an even coat of 
film cement to area “C.” Making sure 
the emulsion side of film “B” is up, 
place it against the straight edge and 
on area “C” of film “A” so that 
sprocket holes No. 1 and No. 2 coincide, 
as shown at No. 3. Press down hard on 
the splice for approximately 30 sec¬ 
onds, wipe off excess cement and film 
is ready to run.* 

The film camera contains the icono¬ 
scope pickup tube, the associated de¬ 
flection yoke, video pre-amplifier and 
power supply. It should be recalled 
that the iconoscope tube is electrostati¬ 
cally focused, and therefore requires no 
magnetic focusing coil. 

Fig. 6.7M illustrates the General 
Electric film camera with side door 
opened to reveal the video pre-amp. Mr. 
W. L. Shepard, engineer of GE has his 
hand on the polarity reversal switch 
which allows either positive or negative 
film to be used, or opaque or transpar¬ 
ent material in the slide projector. 
Three peaking circuits are used in the 
preamp, and all electrolytic type ca¬ 
pacitors are of the “plug-in” type. This 
permits easy replacement of capacitors, 
and rotation of spare capacitors to 
avoid possible trouble and prolong their 

*Courtesy Du Mont Laboratories and 
Holmes Projector Company. 

useful life. Edge lights used with the 
iconoscope are high-intensity, pre-fo-
cused and independently adjustable for 
reduction of edge-flare. The deflection 
yoke is variable in position to obtain 
correct positioning of raster as in an 
image orthicon camera. 
A film camera is aligned much as a 

studio film camera. A very important 
additional adjustment is the keystone 
control, found either in the camera or 
camera-control unit. This must be ad¬ 
justed to eliminate the keystone effect 
discussed in Chapters 2 and 3. Upon 
actual picture transmission, a number-
of additional controls are used to ef¬ 
fectively shade the picture. 

Fig. 6.7N shows the GE control unit 
for the film camera. Controls for the 
picture and waveform monitors are lo¬ 
cated on the panel containing the pic¬ 
ture kinescope and waveform oscillo¬ 
scopes. This is the dual-type of wave¬ 
form monitoring, with one scope nor¬ 
mally set for display of the line wave¬ 
form and the other for vertical (frame) 
waveform. All of the film camera con¬ 
trols are located on the channel control 
panel as illustrated. The Horizontal 
Sawtooth, Horizontal Parabola, Verti¬ 
cal Sawtooth and Vertical Parabola 
controls are used to adjust the shading 
of the transmitted film images. It is 
recalled that when an iconoscope-type 
pickup tube is used, these controls must 
usually be varied often during a film 
telecast. 

Efficient operation of these shading 
controls comes only through long ex¬ 
perience with correlating picture back¬ 
ground effects with use of the shading 
circuits. The operator usually observes 
the waveforms for most accurate inter¬ 
pretation of picture shading. For ex¬ 
ample, if the line waveform slants 
downward from left to right into the 
region denoting black, the actual pic¬ 
ture will be progressively darker to¬ 
ward the right of the raster. This calls 
for an adjustment of the H Saw control 
until the top of the line waveform is 
essentially parallel to the lines across 
the scope face. (See preceding section). 
When the line waveform takes a de-
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Figure 6.7N. Broodcast television film camera channel control. Courtesy G. E. 

cided dip in the central portion, the 
center of the picture is dark. This usu¬ 
ally calls for adjustment of the H Para¬ 
bola ( possibly also the V Parabola) in 
conjunction with H and V saw. The 
same kind of information is furnished 
by the vertical waveform monitor, 
which reveals shading conditions of the 
vertical components of the picture. 

Illustrated in Fig. 6.70 are the basic 
correcting waveforms used in shading 

iconoscope tubes. In (1) is pictured the 
H or V Sawtooth of either polarity. 
Think first of the effect produced upon 
a raster if the saw is introduced at line 
frequency (15,750 cps). The saw voltage 
added to the tube grid would cause the 
raster to become brighter toward the 
right edge of the frame. If the polarity 
of the saw is reversed, the raster to¬ 
ward the left would become brighter. 
Thus, in the first instance, if the picture 
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H OR V SAW 
SHADING 
WAVEFORMS 

The use oí this added voltage brightens picture 
to right or left, depending upon polarity. When 
injected at field frequency, the picture brightens 
at top or bottom depending upon polarity. 

H OR V 
PARABOLA 

The use of this added voltage brightens picture 
toward center of raster, horizontally or 
wrtically. 

Figure 6.70. Saw and Parabola shading wave¬ 
forms. (See text.) 

is progressively darker toward the 
right-hand side, the correcting sawtooth 
would even up the shading. If the pic¬ 
ture is dark on the left, the reverse 
phase would be used to correct the shad¬ 
ing. Observation of the line-waveform is 
even more exact than observing the 
actual picture; in the first instance the 
top of the line waveform would slant 
to the right, in the second case it would 
slant to the left. The H saw is then 
adjusted to obtain a “flat top” on the 
line waveform. 

Observing the frame waveform indi¬ 
cates the shading condition of the verti¬ 
cal components of the picture. The V 
saw will brighten the picture toward the 
top of the raster or, in reverse polarity, 
toward the bottom. Dark portions in 
the center, indicated by dips toward 
black in the line or frame waveforms 
are corrected by the parabola shown in 
(2). It is observed that the shape of 
this correction waveform is such as to 
add to the brightness in the center of 
the sweep, either vertically or hori¬ 
zontally as required. 

In the RCA system, the film camera 
control unit is similar in appearance 
to the studio camera control, with the 
addition of the H Parabola, V Saw and 
V Parabola shading controls. The 
studio-type camera control unit has the 
H shading control incorporated for use 
with studio image orthicon cameras. 
A minimum of shading is necessary 

when the iconoscope tube is properly 
back-lighted and rim (edge) lighted. 
If edge-flare is noted upon set up of the 
camera chain, the rim lights are ad¬ 
justed in both brightness and position¬ 
ing until minimum edge-flare occurs. 

The amount of back lighting determines 
the amount of beam current necessary 
to reproduce an optimum gray scale 
picture, and is carefully adjusted upon 
camera chain setup in conjunction with 
beam current to obtain the best picture 
possible. Some onerators. after they 
have become proficient in the use of the 
camera and control unit, vary this back¬ 
lighting during a telecast to result in 
optimum picture gradation. 
Controls for the waveform monitor 

itself are found both “behind the panel” 
and on the front. Those on the chassis 
itself are the less-used controls pri¬ 
marily for set up of the oscilloscopes. 
Controls behind the panel of the unit of 
Fig. 6.7N are as follows (waveform 
controls only) : 

II SPEED. Used to control the hori¬ 
zontal sweep sync for the line-wave¬ 
form scope. 

V SPEED. Used to control the vertical 
sweep sync. 

HOR AMPL. (1) Used to adjust the 
amplitude (horizontally) of the H 
presentation. 

HOR AMPL. (2) Used to adjust ampli¬ 
tude (horizontally) of the vertical 
presentation. 

HOR CENT (1) Used to center the 
horizontal scope presentation. 

HOR CENT (2) Used to center the 
vertical scope presentation. 

HOR INTEN. To adjust brightness of 
the horizontal presentation. 

HOR FOCUS. To adjust focus of H 
trace presentation. 

VERT INTEN. To adjust brightness of 
the vertical presentation. 

VERT FOCUS. To adjust focus of V 
trace presentation. 

HIGH VOLTAGE. To adjust high volt¬ 
age for both tubes (3KP1). 

The waveform monitor front panel con¬ 
trols are: 

GAIN. To adjust the vertical gain of 
both H & V presentations. 

VERT CENT. (1) To center V presen¬ 
tation vertically. 

VERT CENT. (2) To center H presen¬ 
tation vertically. 
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The high-voltage adjustment for the 
type 3 KPI waveform tubes is reached 
through a hole in the power supply 
cover. This control is adjusted for an 
accelerating potential of 1800 volts by 
means of a screwdriver through the 
hole. The H and V intensity and focus 
controls are adjusted for the desired 
brightness and sharpest focus possible. 
The H and V centering controls are then 
used to properly center the trace posi¬ 
tion. The H speed control is usually 
adjusted to show two lines of the video 
picture waveform, and the H amplitude 
control may be adjusted to fill the 
screen horizontally in this particular 
monitor. It is noted from illustration 
6.7N that the line waveform scope has 
the calibrated screen on the face as de¬ 
scribed in section 3.5. The V speed con¬ 
trol is similarly adjusted to show two 
fields of the video waveform and the 
H amplitude control is adjusted to fill 
the screen horizontally. The gain con¬ 
trol is then adjusted for the desired 
vertical deflection. Since this amplitude 
depends upon the amplitude of the pic¬ 
ture monitor gain, the picture monitor 
is adjusted first for desired picture size. 
(Review section 3.4). 
In the operation schedule including 

telecast of film, it is necessary that the 
director be aware of the 2 or 3 seconds 
needed in shutter-type projectors to 
come into sync speed. Where, for ex¬ 
ample. short film excerpts are to be 
used in a show, the leader includes 
definite frame markings from which 
the director and operators may exactly 
judge the required time interval be¬ 
tween the order “roll film” and actual 
“take” of film video. By this means the 
leader is run through until the desig¬ 
nated mark indicates 3 seconds to the 
first picture frame. The projector is 
then stopped, and started to roll 3 sec¬ 
onds before the spot called for in the 
script. This time-interval is usually 
about one line of normal speed in read¬ 
ing the script. Film projectors are often 
operated from the TD position at the 
switcher panel. When several sections 
of film on one reel may be used during 
a program, the TD may observe on a 

preview monitor the spliced-in sections 
between the sequences to be used. Thus 
when one section is concluded, he 
switches to the next signal source be¬ 
ing used while observing on the preview 
monitor the run-out of the film projec¬ 
tor. He may then stop the projector at 
the next designated eue mark indicat¬ 
ing 3 seconds to the following section. 

On short film inserts such as dis¬ 
cussed above it is necessary that the 
TD and production director be warned 
of the ending of that particular section 
of film. Although in some cases he may 
be sufficiently familiar with the content 
to know when to cut to the next signal 
source, most stations use the same type 
of warning cue as described previously 
for projectionist use. In this case the 
holes are punched in the upper corner 
of about 4 frames by a special punching 
device. The first cue is the alert, then 
the last 4 frames indicate the end of 
the actual picture content. This avoids 
the embarrassing possibility of showing 
the trailer on the film with its jumble 
of X’es on a glaring white screen. 

Projectors of the pulse-light type do 
not require this practice of allowing 3 
seconds to sync-in. It is recalled that 
with a pulse light projector, a single 
frame of film may be left stationary 
in the film gate without damage. No 
time is required in this system to sync¬ 
in. It is common practice to stop the 
projector with the first picture frame in 
the film gate, and the projector started 
at the exact time called for in the pro¬ 
gram script. Some readers may have 
observed filmed scenes where the open¬ 
ing scene is deliberately started as a 
“still,” with the picture suddenly leap¬ 
ing into action a moment later. 

Operational cues for film are as fol¬ 
lows: 
READY FILM. This is the alert to pro¬ 
jector-operator and/or TD to expect 
the direct cue to start the projector 
running. The alert is usually more 
specific in installations using more 
than one projector, such as: READY 
FILM ONE, or READY FILM 2, etc. 
The numbers designate a specific pro¬ 
jector. 
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FOOTAGE FROM 1 SECOND TO 60 SECONDS 

Seconds Footage Seconds 
II 

Footage Seconds Footage 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7.2" 
1 '—2.4" 
1 '—9.6’ 
2'—4.8" 
3' 
3'—7.2" 
4'—2.4" 
4'—9.6" 
5' —4.8" 
6' 
6'—7.2" 
7—2.4" 
7'—9.6" 
8'—4.8" 
9' 
9'—7.2" 
10'—2.4" 
10' —9.6" 
1 1'—4.8" 
12' 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

12'—7.2" 
13' —2.4" 
13'—9.6" 
14'—4.8" 
15' 
15'—7.2" 
16—2.4" 
16—9.6" 
17'—4.8" 
18' 
18—7.2" 
19'—2.4" 
19'_9.6" 
20—4.8" 
21 ' 
21 '—7.2" 
22'—2.4" 
22'—9.6" 
23'—4.8" 
24' 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

24'—7.2" 
25'—2.4" 
25'—9.6" 
26'—4.8" 
27' 
27'—7.2" 
28'—2.4" 
28'—9.6" 
29'—4.8" 
30' 
30'—7.2" 
31 '—2.4" 
31 '—9.6" 
32—4.8" 
33' 
33'—7.2" 
34'—2.4’ 
34'—9.6" 
35'—4.8" 
36' 

FOOTAGE FROM 1 MINUTE TO 60 MINUTES 

Minutes Footage Minutes Footage Minutes Footage 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
1 2 
13 
14 
15 
16 
17 
18 
19 
20 

36 
72 
108 
144 
180 
216 
252 
288 
324 
360 
396 
432 
468 
504 
540 
576 
612 
648 
684 
720 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

756 
792 
828 
864 
900 
936 
972 
1008 
1044 
1080 
1116 
1 152 
1188 
1224 
1260 
1296 
1332 
1368 
1404 
1440 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

1476 
1512 
1 548 
1584 
1620 
1656 
1692 
1728 
1764 
1800 
1836 
1872 
1908 
1944 
1980 
2016 
2052 
2088 
2124 
2160 

Figure 6.7P. Running time chart — 16mm sound film. 24 frames per second — 36 feet per minute. 

ROLL FILM. Sometimes given as HIT 
FILM. This is the direct cue to start 
the projector running. Immediately 
(usually 3 seconds interval) the cue: 

TAKE FILM. Follows above order. This 
order usually designates a direct 
“cut” to the film control. If DIS¬ 

SOLVE TO FILM is given the lap¬ 
dissolve is made by the TD. The di¬ 
rector is usually more specific in his 
cue, such as: DISSOLVE TO ONE, or 
FADE TO ONE, etc. 
The table in Fig. 6.7P shows the run¬ 

ning time chart for 16mm film. 
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It is a good idea never to leave film 
in the projector after use. The portion 
of the film in the machine is affected by 
the heat from the projection lamp (even 
after turning off) and by the housing 
and cams. Film is subject to shrinkage 
and stretching and should be removed 
immediately after use and stored in 
their respective cans. Many operators 
keep a moist pad inside the can with the 
stored film to minimize heat effects es¬ 
pecially if the film room is dry and hot 
as is often the case. 

Even with proper care of film rolls, 
the heat to which the film is normally 
exposed causes a certain amount of 
“buckling” at the film gate in old film. 
This causes a fluttering with conse¬ 
quent in-and-out focusing of the images 
on the picture tubes. Buckling is caused 
from the fact that the edges of the film 
being in direct contact with the projec¬ 
tor mechanism, is subjected to more 
heat than the frame area subject only 
to the comparatively short bursts of 
light either from a pulsed-light or shut¬ 
ter action. This results in a faster 
shrinkage at the edges compared to 
that which takes place through the 
picture area, so that the frame is forced 
out of shape and flutters in the film 
gate. 

If it is necessary to use old film which 
may have a noticeable amount of flut¬ 
ter, it is sometimes possible to restore 
a small roll sufficiently to use several 
additional times if a week’s time is 
available before use. This is done by 
winding the film emulsion side out, and 
placing it in a humidor can with a 
highly absorbent blotter moistened with 
water and glycerine. The film is left in 
the tightly closed can for at least 7 
days. If 35mm film is involved, a slight 
amount of camphor is introduced into 
the solution with which the blotter is 
moistened. 
Extreme care must be exercised by 

the operator in the handling of film, 
especially in threading the projector. If 
this operation is improperly done, the 
loss of upper or lower loop is very apt 
to occur during transmission. Be sure 
that sprocket teeth are properly en¬ 

gaged in the sprocket holes before any 
pressure pads are closed on the film, to 
prevent holes or tears in the sound or 
picture tracks. Loss of either upper or 
lower loop results in an annoying jerky 
projection. If the projection becomes 
very bad, it is preferable to stop the 
show completely until the condition has 
been remedied. When the lower loop is 
lost, the bottom drive sprocket pulls the 
film off the intermittent pull-down claw, 
usually damaging the sprocket holes 
and possibly the rest of the film. There 
is one emergency operational procedure 
which has been practiced by highly ex¬ 
perienced projector operators, but is 
not to be encouraged by inexperienced 
personnel. This is the practice of in¬ 
serting the forefinger just between the 
sprocket and the lower edge of the gate, 
and watching intently for the instant 
when the pull-down claw is retracted, 
leaving the film momentarily free to be 
pulled down from the top loop. Two 
dangers exist in this procedure; firstly 
and most important is the danger to the 
finger from the sharp revolving sprocket 
teeth, and secondly is the danger of 
damaged film if the claw emerges as 
the film is being pulled through the 
gate. 

6.8 Video Recording 

In the larger television station, the 
film department is concerned not only 
with “playback” of film programs, but 
with making film shows either “live” 
or from monitor kinescopes. The latter 
process is of the most concern, since 
most “live” filming is hired-out to spe¬ 
cialists in this field. 

It should be recalled from section 
3.14 that two basic methods of sound-
on-film recording exist; the single¬ 
system and the double system. In the 
former system, the sound track is re¬ 
corded at the same time as the picture, 
using only a single film. In the latter 
system, the sound and pictures are re¬ 
corded on separate film, after which 
they are edited and “married” by join¬ 
ing on one film. It is only natural that 
the newcomer ask the logical question, 
“why bother with two separate films, 
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then go through all the process of com¬ 
bining them on one film?” 
The reason is just as logical. The 

reader who is a photography fan knows 
that a film with a “fast” emulsion, 
therefore capable of good registration 
of images even in scenes requiring low 
illumination such as night-scenes, has 
a comparatively “coarse grain.” This 
characteristic is not too important for 
the picture film in movies or telecasting, 
since the negative itself is not to be 
“blown up” into a larger print as is 
often the case in still photography. On 
the other hand, the sound track emul¬ 
sion must be on very fine-grain film 
(therefore a “slow film”), to avoid ex¬ 
cessive noise in the sound channel. Since 
the exciter lamp always supplies plenty 
of light to the sound track, the “slow¬ 
ness” of the film is of no consequence. 
Thus in the single system of video re¬ 
cording, a compromise must be made 
which never reaches the results pos¬ 
sible in the double system method. The 
double system permits a fast film to be 
used for pictures, and a fine-grain film 
for the sound. This system also permits 
more accurate editing, since, in the 
single system, it is almost impossible 
not to lose some picture or sound in the 
editing process. The sound quality is 
also better in the double system not 
only because fine-grain film may be 
used, but from the fact that on single 
systems, the 26 frame lead of the sound 
track is often insufficient to remove all 
of the intermittent action of the pic¬ 
ture gate, at the sound drum, resulting 
in a slight sound “flutter” on the audio 
channel. Even a very slight recording of 
flutter is emphasized upon playback of 
the film. 
A unique single-system of video re¬ 

cording is used at the ABC network 
which eliminates trouble from sound 
flutter. The sound gate in this system 
is 82 frames ahead of the film recorder 
gate. By the time the film has prog¬ 
ressed this far from the intermittent at 
the picture gate, all jerkiness has been 
removed and the film is rolling smoothly 
over the sound drum. A positive image 
is used on the transcriber kinescope 

(the reader should be thoroughly fa¬ 
miliar with the contents of section 3.14) 
and the film is therefore developed as a 
negative, complete with sound. A posi¬ 
tive print is then made and the sound is 
added in sync the normal 26 frames 
ahead of the corresponding picture. 
The video recording technique at 

NBC, CBS and DuMont varies indi¬ 
vidually. The principles, of course, are 
the same. The DuMont system uses the 
double system of operation. The East¬ 
man Television Recording Camera, dis¬ 
cussed in section 3.14 and detailed later 
in this section is available for either 
single operation (with sound) or double 
system. 
The reader should understand what 

is meant by making a “positive” from a 
negative film, lest he be confused by the 
usual snapshot printing process. In mo¬ 
tion pictures, a film exposed to a “posi¬ 
tive” image (just as your eye perceives 
the scene) has the “white” areas dark 
under exposure and after developing, 
and the original dark areas are “light.” 
Naturally, if this were projected “as is,” 
a “negative” image would show on the 
screen; that is, faces would be dark in¬ 
stead of light. Therefore, in this case, a 
“positive” contact “print” is made, al¬ 
though it is still on translucent material 
for the purpose of projection. When “re¬ 
versal” film is used, no extra printing 
is necessary. This film, when developed, 
end treated a second time, reverses its 
shades so that portions which were 
black become white, and vice-versa. This 
is termed a direct-reversal positive. 

Another film is the Release-Positive 
film. In this case, the image on the 
transcriber kinescope is made a nega¬ 
tive image, and the release-positive film, 
upon developing, will be ready for pro¬ 
jection. 

Panchromatic film, which is sensitive 
to all colors through the red spectrum, 
is seldom used for kinescope recording. 
The transcriber kinescope is “highly 
actinic,” which means a high value of 
light in the blue region, requiring only 
the inexpensive violet-blue sensitive film 
for recording. Color sensitivity of the 
film is therefore of no importance, and 
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FILMS FOR KINESCOPE RECORDING 

Film Type 
No. 

Width Name of Film 

5240 1 6mm 

Films for Camera Use 

Eastman Panatomic-X Negative Safety Film 

525Ó 1 6mm Gne-Xodak Super-X Reversal Panchromatic Safety Film 

5261 1 6mm Cine-Kodak Super-XX Reversal Panchromatic Safety Film 

5276 1 6mm Eastman Plus-X Blue Base Reversal Film 

5277 1 6mm Eastman Super-XX Blue Base Reversal Film 

5302 35mm Eastman Fine Gr-ain Release Positive Safety Film 

7302 1 6mm Eastman Fine Grain Release Positive Safety Film 

5373 35 mm i 
1 6mm Eastman Fine Grain Sound Recording Safety Film 

5203 35mm 
1 6mm 

Duplicating Films 

Eastman Fine Grain Duplicating Pan. Negative Safety Film 

5372 35mm. 
1 6mm 

Films for Sound Recording 
Eastman Fine Grain Sound Recording Safety Film (for variable 
oree recording) 

5373 35mm 
1 6mm 

Eastman Fine Grain Sound Recording Safety Film (for variable 
density recording) 

Figur« 6.8A. Courtesy Eastman Kodak. 

the handling and developing may be 
carried out under red safety lights 
rather than in total darkness. Types of 
film suitable for kinescope recording are 
listed in the table of Fig. 6.8A. 
The RCA 5WP11 Transcriber Kine¬ 

scope was described and illustrated in 
section 3.14. Due to the voltages used 
(as high as 27,000 volts I, and method 
of construction, this type tube takes 
special handling techniques by the 
operating personnel. Since fingermarks 
may cause high-voltage leakage paths, 
the operational precautions illustrated 
in Fig. 6.8B are highly important. 
Marks on the face of the tube may ap¬ 
pear in focus on the reproduced picture. 
Therefore the face must be kept clean 
and care taken to avoid scratches or 
blemishes. 
The radiant energy output of this 

tube with 27,000 volts on anode No. 2 
is illustrated in Fig. 6.8C. The effect of 
variation in grid No. 1 voltage on anode 
No. 1 current and on anode No. 2 cur¬ 
rent may also be seen. Focusing of this 
tube is controlled by the ratio of anode 
No. 1 voltage to anode No. 2 voltage. 
This ratio is usually adjusted by varia¬ 
tion of anode No. 1 voltage by means 
of a potentiometer in the power supply 

ALWAYS HANDLE 
this tube by NECK 

A NEVER HANDLE 
this tube by that 

part of bulb 
having the 

INSULATING 
COATING 

Finger prints or dust on the insulating coating may 
cause electrical breakdown during humid weather-

Figure 6.8B, Courtesy RCA. 
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PEAK GRID-N* I DRIVE FROM CUTOFF-VOLTS 

Figure 6.8C. 

voltage-divider circuit. The operating 
range is from 4200 to 5400 volts. 

Grid No. 1 voltage for visual cut-off 
is from -42 to -98 volts. Grid No. 2 is 
designed essentially to prevent inter¬ 
action between the fields produced by 
grid No. 1 and anode No. 1. However, 
grid No. 2 may also be used to compen¬ 
sate for the normal variation to be ex¬ 
pected in the grid No. 1 cut-off voltage 
of individual tubes. Adjustment of grid 
No. 2 voltage allows fixing grid No. 1 
bias at a desired value to obtain about 
the same anode-current characteristics 
for individual tubes having different 
cut-off voltages. When grid No. 1 cut¬ 
off is adjusted in this way, grid drive is 
more uniform and anode No. 1 current 
variations are reduced. 

The operator should always use full¬ 
scanning on the screen. Under-scanning 
over protracted periods of time results 

in diminished radiation of the under¬ 
scanned area. When full scanning is re¬ 
sumed, the diminished radiation of the 
previously under-scanned area is very 
noticeable, resulting in a characteristic 
similar to “edge-flare” or excess bright¬ 
ness at the borders of the picture. Sta¬ 
tionary patterns should not be left on 
the screen for more than a few minutes, 
to avoid “burning in” on the screen. 

For the purpose of familiarizing the 
reader with a typical film recording 
camera, the Eastman equipment* is out¬ 
lined in setup and operational proce¬ 
dure. Note carefully the accompanying 
illustrations for identification of parts, 
and the safety features incorporated to 
avoid spoilage of the entire roll of film 
in case of trouble. 

NOTE: Words capitalized in the text 
can be found on the illustrations. If 
such nomenclature in the text does 
not have a figure reference, the last 
preceding figure reference applies. 

MOUNTING CAMERA. Inasmuch as 
the camera will be more or less perma¬ 
nently located in a relative position to 
the monitor tube, a substantial base for 
supporting the camera is recommended. 
By means of an intervening plate, the 
camera can be attached to a table with 
legs which are adjustable for height. 
Such a mounting will make it possible 
to align the optical axis of the lens 
with the Kinescope tube. 
The distance between camera and 

tube is dependent upon the size of the 
tube employed and is adjusted during 
focusing so that the image completely 
fills one frame of the film. 
ATTACHING LENS. Remove lens 

caps from the lens. Place the small end 
of the lens in the lens mount of the 
camera with the lens locating pin to¬ 
ward the floor. Rotate the lens until the 
pin is seated in the locating slot of the 
mount; then turn the KNURLED COL¬ 
LAR of the mount, Fig. 6.8D, counter¬ 
clockwise until the lens is held securely. 
Set the LENS OPENING COLLAR at 

the largest lens opening, f/1.6. 

*Courtesy Eastman Kodak Company 
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Figure 6.8D. 

COMPOSING AND FOCUSING. 
Turn the DOOR LOCK and lower the 
side of the camera. To remove the 
PRESSURE PLATE, Fig. G.8E, hold 
back the pressure plate SPRING and 
withdraw the plate. Remove the FO¬ 

CUSING FINDER from the clip in the 
rear of the camera case and place it in 
the position occupied by the pressure 
plate. Be sure that it is seated squarely 
in the film channel. 

To adjust the focusing finder to the 
vision of the user, focus the lens on a 
piece of printed copy, such as the print¬ 
ing on the lens box. Turn the FOCUS¬ 
ING COLLAR, Fig. 6.8 D, until the im¬ 
age is sharp; then turn the eyepiece of 
the; finder until the finder is adjusted to 
the vision of the individual. 

In a similar manner, focus the lens 
on the televised image. The test chart 
televised by most stations makes an ex¬ 
cellent focusing target. If the image 
does not completely fill the focusing 
finder aperture, move the camera away 
from the tube until there is full cover¬ 
age. After full coverage has been at¬ 
tained, refocus the lens for sharpness. 
It is very important that the entire 
image be sharp. Continue to move the 
camera until there is full coverage and 
best overall sharpness of the picture 
image in the focusing finder. 

Figure 6.8E. Courtesy Eastman Kodak Co. 
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Figure 6.8F. Courtesy Eastman Kodak Co. 

Remove the focusing finder and re¬ 
place the pressure plate. Return the 
focusing finder to the clip in the camera 
case. 
FILM. Film for the Eastman Tele¬ 

vision Recording Camera is supplied in 
1200-foot lengths on type T cores. 
Either double- or single-perforation 
film can be used. This is the so-called 
silent or sour-d type of perforation. 

Each 1200-foot roll of film is suffi¬ 
cient for 33 minutes filming time or 
ample for recording a 30-minute pro¬ 
gram. 
THREADING FILM MAGAZINE 

NOTE: The supply side of the film 
magazine must be threaded in a 
darkroom in total darkness or un¬ 
der a safelight recommended Tor 
the film being used. It is advisable 
to practice threading this side of 
the magazine before attempting the 
procedure in the darkroom. 

Remove both magazine doors. Lay the 
magazine on a flat surface with the 
take-up side down. Push the FILM 
GUIDE LEVER Fig. 6.8F, toward the 
top of the magazine until it catches. 
Place the reel of film over the supply 
spindle with the film coming off the top 
of the roll, as shown in the illustration. 
Press down the LEVER RELEASE on 
the film guide so that the film will be 
held in place while the threading is 
completed. 
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Push the LIGHT BAFFLE LEVER 
toward the front of the magazine and 
thread the film through the baffle and 
out the opening in the bottom of the 
magazine. Replace the cover on the sup¬ 
ply side. Turn the magazine over. The 
rest of the threading can be done in a 
lighted room. 

Again open the light baffle and, with¬ 
out twisting the film, push it up through 
the remaining hole in the bottom of the 
magazine. If the film has considerable 
edge-to-edge curl, straighten the first 
three or four inches before attempting 
to thread it through the light baffle. 
Pull the film up through the channel on 
the take-up side, between the guide stud 
and roller, and over the roller. See Fig. 
6.8G. Attach the end of the film to the 
core and wind on several turns of film 
by turning the core counter-clockwise. 
Hold the take-up core and pull down a 
loop that extends two inches below the 
bottom of the magazine. 
Turn the FILM TAKE-UP KNOB, 

Fig. 3.14D(1), Chapter 3, in the direc¬ 
tion of the arrow to a position that will 
permit the two arms of the drive to fall 
into DRIVE SLOTS of the take-up 
spindle, Fig. 6.8G. Place the cover on 
the magazine and move the take-up 
knob slightly to be sure that the arms 

Figure 6.8G. Courtesy Eastman Kodak Co. 
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seat in the slots. When the cover is 
flat on the magazine, tighten the two 
knurled thumbscrews. 
ATTACHING MAGAZINE TO CAM¬ 

ERA. Place the top of the magazine 
beneath the flange at the front of the 
camera. Thread the film loop through 
the opening in the top of the camera 
case. Lower the rear end of the maga¬ 
zine and be sure that the electrical con¬ 
tact pins of the take-up motor are in¬ 
serted in the receptacle on the camera. 
Attach the rear end of the magazine 
with the thumbscrew. 

CAUTION: Do not attempt to re¬ 
move the film magazine from the 
camera without unlatching and lower¬ 
ing the side of the camera. 

THREADING CAMERA — Silent 
Model. Pull down the supply film (near¬ 
est lens) until there is a loop approxi¬ 
mately one foot long. Press in the 
CLAMP RELEASE, Fig. G.8H, and 
raise the supply sprocket clamp. Pull 
out the PIN in the pull-down sprocket 

bracket and lower the forward end of 
the bracket. 

1. Thread the film over the SUPPLY 
SPROCKET. Engage the film perfora¬ 
tions with the sprocket teeth and close 
the clamp. 

2. Form the upper loop with the film 
over the upper loss-of-Ioop lever. Pull 
the PRESSURE PAD toward the rear 
of the camera and place the film in the 
film channel. Release the pressure pad 
and be sure that it is well seated in the 
film channel. 

3. Engage the film perforations with 
the teeth in the PULL-DOWN 
SPROCKET and close the pull-down 
sprocket clamp. 

4. Thread the film beneath the strip¬ 
per roller, beneath the lower LOSS-
OF-LOOP LEVER, and between the two 
central guide rollers. 
5. Pull down the TAKE-UP CLAMP, 

place the film under the guide roller, 
around the sprocket and between the 
UPPER GUIDE ROLLERS. Engage the 
film perforations with the teeth of the 

Figure 6.8H. Courtesy Eastman Kodak Co. 
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Figure 6.81. Courtesy Eastman Kodak Co. 

sprocket and release the take-up clamp. 
6. Take up any excess film by turn¬ 

ing the film take-up knob in the direc¬ 
tion of the arrow. 

The upper and lower loops should be 
as shown in the illustration. They 
should not touch the front or bottom of 
the camera or the loss-of-loop levers. 

When threading is complete, turn the 
top of the knurled MOTOR DRIVE 
WHEEL, Fig. 3.14D11), toward the 
front of the camera several times to see 
that the loops are maintained and that 
the film is properly threaded. 

Connect the power cord to a 115-volt, 
60-cycle, a-c electrical outlet. Hold the 
light-baffle lever open, flick the control 
switch on and off several times, and 
observe the film. 

Close and latch the door. If the door 
does not close readily, lie sure that the 
supply sprocket clamp and the pull-
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down sprocket bracket are closed. 
Watch the camera film FOOTAGE 

METER and run through about four 
feet or film. 
THREADING CAMERA — Sound 

Model. Pull down the supply film 
(nearest lens) until there is a loop ap¬ 
proximately one foot long. Press in the 
CLAMP RELEASE, Fig. 6.81, and 
raise the supply sprocket clamp. Pull 
out the PIN in the pull down sprocket 
bracket and lower the forward end of 
the bracket. 

1. Thread the film over the SUPPLY 
SPROCKET. Engage the film perfora¬ 
tions with the sprocket teeth and close 
the clamp. 

2. Form the upper loop with the film 
over the upper loss-of-loop lever. Pull 
the PRESSURE PAD toward the rear 
of the camera and place the film in the 
film channel. Release the pressure pad 
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and he sure that it is well seated in the 
film channel. 

3. Engage the film perforations with 
the teeth in the PULL-DOWN 
SPROCKET and close the pull-down 
sprocket clamp. 

4. Thread the film beneath the strip¬ 
per roller, beneath the lower- LOSS-OF-
LOOP LEVER, and between the two 
central guide rollers. 

5. Pull down the sound drum pres¬ 
sure roller and place the film between 
the SOUND DRUM and the pressure 
roller. Release the pressure roller. 

6. Bring the film around the sound 
drum and beneath the COMPLIANT 
ROLLER. Raise the sound sprocket 
pressure roller, engage the film perfo¬ 
rations with the teeth of the SOUND 
SPROCKET, and lower the pressure 
roller. 
7. Pull down the TAKE-UP CLAMP, 

place the film under the guide roller, 
around the sprocket and between the 
UPPER GUIDE ROLLERS. Engage 
the film perforations with the teeth of 
the sprocket and release the take-up 
clamp. Allow a slight amount of slack 
between the sound and take-up sprock¬ 
ets. 
CAUTION: Always take up all the 

slack in the take-up side of the maga¬ 
zine by turning the film take-up knob 
in the direction of the arrow. Never 
start the camera unless this has been 
done. 
The upper and lower loops should 

be as shown in the illustration. They 
should not touch the front or bottom 
of the camera or the loss-of-loop levers. 

When threading is complete, turn the 
tip of the knurled MOTOR DRIVE 
WHEEL, Fig. 3.14D(1), toward the 
front of the camera several times to see 
that the loops are maintained and that 
the film is properly threaded. 

Connect the power cord to a 115-volt, 
fiO-cycle, a-c electrical outlet. Hold the 
light-lock lever open, flick the control 
switch on and off several times, and 
observe the film. 

When the camera is running, the end 
of the COMPLIANT ROLLER 
PLATE, Fig. 6.8E, should be approxi¬ 

mately in the center of the opening in 
the mounting plate. Resistance of the 
roller can be adjusted by moving the 
compliant roller ADJUSTMENT 
SCREW. To increase resistance, move 
the screw toward the lens. 

Close and latch the door. If the door 
does not close readily, be sure that the 
supply sprocket clamp and the pull¬ 
down sprocket bracket are closed. 
Watch the camera film FOOTAGE 

METER, Fig. 3.14D(1), and run 
through about four feet of film. 
OPERATION. The camera film foot¬ 

age meter is provided to record accu¬ 
rately the number of feet of film ex¬ 
posed in the camera. Set the meter just 
before beginning a run. To reset the 
meter, turn the knob counter-clockwise. 
The MAGAZINE FILM INDICA¬ 

TOR, Fig. 6.8D, is provided to show if 
the magazine is loaded and the approxi¬ 
mate number of feet remaining in the 
magazine after a partial run. It should 
not be used as an accurate indication 
of the number of feet exposed. 
A small CARD POCKET is provided 

on the rear of the magazine so that in¬ 
formation pertaining to film can be re¬ 
corded. 
The LOSS-OF-LOOP INDICATOR 

lights up when either the upper or 
lowei- loop has been lost during opera¬ 
tion. To prevent film breakage, stop the 
camera at once. With slight circuit 
changes and the installation of suitable 
relays and power circuits, the loss-of-
loop indicator circuit can be used to 
shut off this recording camera and start 
another camera. 
The FILM BUCKLE SWITCH, Fig. 

6.8E, is in series with the power supply 
to the camera motors and opens the 
circuit unless the actuating lever of the 
switch is held closed by the film run¬ 
ning in a straight path. The motors are 
shut off when there is a failure in the 
film take-up system, a break in the film, 
or when the end of a film roll has been 
reached. 
NOTE: The camera will not run 

without film unless the actuating lever 
of the switch is held closed. 

The sound model of the camera has a 
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Figure 6.8J. Courtesy Eastman Kodak Co. 

SOUND OPTICS BRACKET, designed 
to hold a Western Electric sound optics 
pickup. If any other sound optics sys¬ 
tem is to be used, a suitable bracket 
must be provided. 
ADJUSTING SHUTTER. After the 

correct lens opening has been ascer¬ 
tained by test-exposure recordings, ad¬ 
justment of the shutter can be made to 
minimize shutter banding. When nega¬ 
tive film is used, banding will probably 
be recognized on the film as a light 
streak across the frame. This light 
streak indicates that the scanning lines 
are not meeting and that a closed-shut¬ 
ter angle of less than 73° is necessary 
to reduce banding. Because the proper 
adjustment under the above conditions 
will probably be somewhere between 
72° and 73°, the camera is supplied 
with a shutter that has a closed-shut¬ 
ter angle of 73°. To make this adjust¬ 
ment, proceed as follows: 
Remove the lens by turning the 

knurled collar clockwise. Remove the 12 
screws in the camera front. Remove the 
front. 
Mark the HUB WASHER (Fig. 

6.8J) SHUTTER, and front plant as 
indicated on the illustration. Remove 
the three HUB SCREWS, the hub 
washer, and the shutter. 

File the section of the blade indicated 
in the illustration on a line leading di¬ 
rectly toward the center. Be careful not 
to bend or distort the blade. Remove 
only a small amount each time (about 
% degree) before making new tests. If 
an excess amount of the blade is re-
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moved, an overlapping will occur. 
Align the three reference marks and 

replace the shutter, hub washer, and 
screws. Attach the camera front with 
the 12 screws. 
OPERATIONAL MAINTENANCE. 

Cleaning. Clean the lens at regular in¬ 
tervals. The lens supplied with the cam¬ 
era is Lumenized; that is, a special 
hard coating has been applied to all 
air-glass surfaces. The tinted appear¬ 
ance of the lens is due to this treat¬ 
ment, which increases light transmis¬ 
sion and decreases internal reflections. 
If a reasonable amount of care is 

taken, there is no danger of removing 
the lens coating when the outer sur¬ 
faces of the lens are cleaned. Remove 
dust or grit by gently brushing the lens 
surfaces with Kodak Lens Cleaning 
Paper or a fine camel’s-hair brush. If 
further cleaning is necessary, use a 
drop of Kodak Lens Cleaner on the 
cleaning paper. Clean the focusing find¬ 
er in a similar manner. 
After each run, examine the film 

channel and the pressure pad. Remove 
film particles with a brush, a piece of 
soft W’ood, or, if necessary, use carbon 
tetrachloride to dissolve deposits. Ex¬ 
cessive pile-up of emulsion at any one 
spot may be due to a damaged film 
channel or pressure pad. If such a pile¬ 
up occurs, replace the damaged part. 
Within the camera and within the 

film magazine, clean all points which 
come in contact with the film. Remove 
all film particles which may scratch the 
film emulsion or jam the film in the 
light lock. 
WARNING: Kodak Lens Cleaner 

and carbon tetrachloride are volatile 
solvents. Use with adequate ventilation 
and avoid prolonged breathing of the 
vapors. 
OILING AND GREASING. Proper 

oiling is essential to efficient operation 
of the camera, and the time interval 
recommendations given below should 
be followed closely. 
Geneva Housing — The oil level in 

this housing must be checked before 
initial operation of the camera and 
after each 15 hours of running time. 
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To check the oil level, remove the 
OVER FLOW SCREW, Fig. f>.8H. 
Proper oil level is indicated by a slight 
seepage of oil from this hole If it is 
necessary to add oil, remove the mecha¬ 
nism cover as follows: 

Remove the film footage meter dial 
knob by removing the shaft screw and 
pulling the knob from the shaft. Re¬ 
move the nine screws from the mecha¬ 
nism cover and lift off the cover. Add 
oil to the BREATHER CUP, Fig. 6.8K, 
until oil seeps from the oil level hole. 
The oil level screw must be removed 
from the plate when oil is added, but 
be sure to replace the screw before run¬ 
ning the camera. Use the liglvt turbine 
oil supplied with the camera. This oil 
is mixed with a small quantity of sili¬ 
cone to prevent the oil from foaming or 
pumping through the breather cup. Ad¬ 
ditional quantities can be mixed by com¬ 
bining 1300 parts of light turbine oil 
with one part of No. 200 How-Corning 
Silicone Fluid. 

During operation, oil may be pumped 
through the breather cup. Keep this 
oil wiped from the mechanism. 
Each time the camera is moved or 

shipped, check the oil level in the Ge¬ 
neva housing. 

At each lubricating period, examine 
gear teeth for excessive wear; check 
shafts, bearings, and collars for loose¬ 
ness. Fine metal chips or powder indi¬ 
cate excessive wear at some point. 
Camera Mechanism — Every 10 hours 

of running time. Apply 4 or 5 drops of 
the heavy oil supplied with the camera 
(Apreslube No. 80) to the OIL CUPS 
Fig. 3.14D(1). The sound model, illus¬ 
trated in 3.14D(1) has four cups, while 
the silent model, not illustrated, has 
three cups. 
The bearings of the camera mecha¬ 

nism are either Oilite sleeve bearings 
or ball or roller bearings which require 
occasional lubrication. Use the oil sup¬ 
plied with the camera, a light turbine 
oil, or Kodak Special Lubricating Oil. 
Film Compartment of Camera — Ev¬ 

ery 10 hours of running time. Place a 
small drop of light machine oil on the 
shaft of each moving film guide roller. 

Fig ure 6.8K. Courtesy Eastman Kodak Co. 

Use a fine wire or a toothpick and be 
extremely careful to remove ail excess 
oil from the part so that oil will not 
come in contact with the film. 
Film Magazine —Every 50 hours of 

running. Oil the bearings of the film 
guides and the shafts. Remove the three 
screws and the MOTOR CASTING, 
and oil the motor bearings and the gear 
reduction system. Remove all excess oil. 
SERVICING. Minor repairs and re¬ 

placements can be made by an experi¬ 
enced instrument worker. In general, 
however, all repairs on the camera and 
magazines should be made at the fac¬ 
tory. 

After some experience in operation, 
the running sound of the camera will 
be recognizable and any deviation from 
smooth running should be checked im¬ 
mediately. If there is any question 
about the source of the trouble, do not 
run the camera. Mechanical changes 
and additional maintenance informa¬ 
tion will be sent to users as experience 
from actual operation accumulates. 

To adjust the force of the TAKE-UP 
DRIVE CLUTCH, Fig. 6.8K, use an 
ordinary spring scale attached to the 
take-up sprocket gear. The clutch 
should deliver 1% to 1% pounds of 
force or. the gear when the motor is 
running. Loosen the Allen head SET-
SCREW and adjust the thumbscrew 
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until the correct force is delivered at 
the drive gear. 

A good fine-grain film often used in 
kinescope recording practice, for both 
sound and picture, is the Eastman Type 
5373. This film, although fine grain, 
seems to be adequate in speed for most 
kinescope recordings, since the screen 
of the tube is usually very brilliant. It 
is necessary, however, to know the na¬ 
ture of the program ahead of time in 
most instances, since “night scenes” re¬ 
quiring relatively low light-outputs 
over a considerable length of time may 
require a faster film. Some stations, 
however, especially in installations in¬ 
cluding their own developing processes, 
prefer this film which may then be de¬ 
veloped in special strength developer 
solution for proper density. 

Fig. 3.14A in Chapter 3 illustrates 
one of the more popular methods of 
kinescoping. The film for the camera 
may be the type 5373, and either this 
same film or the type 5372 for the 
sound, depending upon method of sound 
recording. It is noted from the film ta¬ 
ble in Fig. 6.8A that type 5372 is used 
for variable area sound recording, and 
5373 for variable density. From the 
separate picture and sound negatives, 
composite release prints may then be 
made on Eastman Fine-Grain Release-
Positive film type 7302 (or type 5302 
for 35mm). 

It is at this point that a very impor¬ 
tant operational function should be 
noted by the reader. To understand 
why it is necessary, it is pertinent to 
look briefly into the different historical 
backgrounds of 35mm and 16mm film 
processing. The 35mm type has been 
the “professional” type used for theatre 
projection, ard has been universally 
produced by a negative-to-positive 
method. The “standard emulsion posi¬ 
tion” in the projector for 35mm film 
is emulsion side toward the projection 
lamp. Just the opposite “standard 
emulsion position” has been established 
for the 16mm film, which in the past 
has been an “amateur” product usu¬ 
ally using a reversal film processed to 
a positive image. Thus the correct left-

to-right orientation of the image would 
take place with emulsion side toward 
the projection lens, instead of toward 
the lamp. Adding to this problem is the 
fact that sprocket holes for 16mm 
sound-film is along only one side, and 
the release print must be such that the 
correct emulsion position is obtained 
when the film is properly inserted to 
engage the sprocket holes in the teeth. 
It should be recalled that in the de¬ 
scription of the Du Mont projector de¬ 
scribed in the preceding section, the 
film was inserted so that the sprocket 
holes were on the outside of the ma¬ 
chine, toward the observer. This is 
known as the “A” wind. A “B” wind 
is also used with the sprocket holes on 
the inside with the film coming off the 
top of the reel. These differences are 
necessary due to the different types of 
manufacture of projectors, some of 
which load on the left side rather than 
the right side. The problem, then, for 
16mm sound films, is that of recording 
so that when the reel has been prop¬ 
erly wound, regardless of “A” or “B” 
type windings, the projected images 
will have the proper left-to-right orien¬ 
tation of images. 

It may now be seen that if the 16mm 
film is to have the emulsion side toward 
the projection lens, the process illus¬ 
trated in Fig. 3.14A, since it is a nega¬ 
tive-to-positive process rather than a 
direct-reversal print, would result in 
improper orientation of scenes upon 
projection. This problem is solved by 
reversing the image on the transcriber 
kinescope. Note that this does NOT 
mean a “negative” picture on the kine¬ 
scope screen, but that the horizontal 
scanning on the kinescope is reversed 
in direction from normal. The final 
print will then be such that when the 
single-sided perforations are on the 
correct side of the projector, the emul¬ 
sion will be toward the lens and prop¬ 
er images transmitted. NOTE THAT 
THIS IS DONE FOR 16mm FILM 
ONLY, WHERE THE EMULSION 
SIDE IS TO BE TOWARD THE 
LENS. For 35mm video recording, the 
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above negative-positive process would 
be correct with NORMAL scanning of 
the kinescope, since the 35mm projec¬ 
tor is threaded with emulsion side to¬ 
ward the lamp. 
The beginner may ask why the 16mm 

film could not simply be threaded just 
as the 35mm type, emulsion side toward 
the lamp. The reason is that all other 
commercial type 16mm film that comes 
in for use is already printed for the 
“standard 16mm emulsion position,” 
and the overall operating procedure 
would be needlessly complicated. Since 
perforations are along only one side, 
the two types could not be spliced to¬ 
gether to form a direct sequence of film 
as must often be done in telecasting. 

Some of the very latest projectors of 
the 16mm type for television use are 
able to accommodate sound film with 
emulsion on either position, toward the 
lamphouse or toward the lens. In these 
projectors the sound lens is automati¬ 
cally re-focused for each position of 
the emulsion. In such equipment, direct-
reversal films are threaded with the 
emulsion toward the lens (as are Koda-
chromes when used), but ordinary 
negative-to-positive processed films are 
placed with the emulsion toward the 
lamp. It is our purpose here to give all 
these facts to the new or prospective 
operator not to confuse him, but to give 
him the overall picture of the wide va¬ 
riance in equipment and operating tech¬ 
niques. He is then better equipped to 
grasp the particular equipment operat¬ 
ing techniques which he may encoun¬ 
ter on the job. 

Whenever time is an important fac¬ 
tor and it is known that only a single 
copy is required, the method of Fig. 
3.14B is popular. In this case, a nega¬ 
tive image is placed upon the screen 
of the transcriber kinescope usually 
by simply throwing a switch which 
takes the kinescope grid excitation from 
a negative video polarity stage. The 
picture may then be photographed on 
a direct-positive film such as Eastman 
Type 5302 (35mm) or 7302 (16mm). 
This is a single-system method of re¬ 
cording as a rule, where the picture 

F gure 6.8L. Kinescope recording of 
rube image on reversal film. 

positive 

and variable-area sound track are re¬ 
corded simultaneously on a single pass. 
The sound track is 26 frames from the 
corresponding picture frame. Develop¬ 
ment in a positive-type chemical de¬ 
veloper yields a direct positive picture 
and sound track image, with standard 
emulsion position which is suitable for 
projection and telecasting. As shown by 
the illustration Fig. 3.L4B, Chapter 3, 
if it later becomes necessary to make 
copies, a dupe picture negative (dupli¬ 
cate negative) may be made to use in 
printing the final composite release 
prints. The sound track is usually re¬ 
recorded onto a negative film for use in 
printing the composite prints since use 
of a dupe negative sound track loses 
the highs in the sound spectrum. 

Fig. 6.8L illustrates another alterna¬ 
tive in kinescoping. A positive tube 
image is recorded on one of the reversal 
films to give a direct positive print, 
ready for telecasting and with standard 
emulsion position (16mm only). When 
copies are made, a dupe negative is 
made from the picture positive which is 
used to print the final composite print. 
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Recording of the sound onto reversal 
film is NOT considered good practice. 
The sound is usually recorded on a 
separate negative film as shown. This 
is then used for printing the final com¬ 
posite release print. 

Following is the Eastman Kodak rec¬ 
ommended procedure for determining 
correct exposure in kinescope record¬ 
ing:* 

“The correct exposure for the film in 
photographing a kinescope tube image 
depends upon a number of factors, 
among which may be mentioned the 
type of phosphor used for the tube face, 
and the spectral character of the light 
it emits, the brightness of the image, 
spectral sensitivity of the film, the na¬ 
ture of the subject matter, the process¬ 
ing conditions for the film, etc. Before 
making any picture tests, it is desir¬ 
able to correlate the brightness level 
of the tube with the density obtained 
on the film when the latter has been 
processed to the recommended gamma 
value. To do this a plain raster is used 
on the tube such as would be obtained 
by the use of the blanking signal with¬ 
out picture modulation. The brightness 
of the raster is varied by means of the 
video gain control or picture-tube grid¬ 
bias control. The beam current may be 
measured by a microammeter. Since the 
brightness of the tube is dependent 
upon the power input to the screen, this 
beam-current measurement serves as a 
measure of the brightness. A series of 
exposures may then be made by vary¬ 
ing the beam-current in logarithmic 
steps. After processing the film to the 
recommended gamma value (0.6 to 0.7 
for picture negatives, and 2.2 to 2.5 for 
direct positives), the density may then 
be read on a densitometer and plotted 
against the logarithm of the beam cur¬ 
rent. For a negative material which has 
been developed to a gamma value of 
0.65, the negative density range nor¬ 
mally made use of in the recording of 
a picture image is from about 0.20 to 
1.4 or 1.5. A beam current which gives 
an intermediate density of around 0.8 

* Courtesy Eastman Kodak Company. 

to 0.9 might therefore be considered 
as providing an average brightness 
level corresponding to that of a picture 
tube image which will give an approxi¬ 
mately correct exposure. Using this 
beam current as the starting point, a 
series of exposures over a smaller range 
may then be made with picture modula¬ 
tion on the tube, in order to arrive at 
an average exposure value which will 
be satisfactory for various types of 
subject matter.” 
The reader familiar with ordinary 

photographic techniques will immedi¬ 
ately recognize the above procedure as 
being analogous to amount of light, ex¬ 
posure time, type of film and develop¬ 
ing data for still picture photography. 
Gamma is the straight-line portion of 
the film characteristic curve. A film 
is chemically treated (developed) to a 
gamma of, for example, 0.7 by using 
a known solution, and time of develop¬ 
ment under a given set of conditions 
such as temperature, type of film, etc. 
(0.7 gamma in the negative will result 
in a final release print gamma of about 
2.3). For a given value of gamma, the 
film density depends upon the bright¬ 
ness of the scene. (In video recording, 
the time of image exposure is fixed.) 
The camera lens, of course, may be 
“stopped down” to assure correct focus 
if brilliance of the tube screen is suffi¬ 
cient. Since the brightness of the kine¬ 
scope depends almost directly upon 
amount of beam current, the above 
procedure uses the plot of the beam cur¬ 
rent on log paper as the abscissa. The 
density of the film, as determined by 
the densitometer or calibrated photo¬ 
cell unit, may then be plotted as an or¬ 
dinate against the above logarithmic 
plot of beam current. 

The resultant curve serves as a base 
for determining the range of bright¬ 
ness (in terms of beam current) which 
will produce an approximately linear 
density-log relationship. The range of 
the beam current over the linear por¬ 
tion of the curve should be about 30 
to 1 for optimum TV use. This corre¬ 
sponds to a gamma in the final release 
print of about 2.3. This is the contrast 
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ratio which, in terms of the film, is the 
density ratio. It is the opinion of ex¬ 
perienced engineers that the density 
range of film made specifically for 
telecasting should be over a lower range 
than films ordinarily used for the thea¬ 
ter. The latter film usually contains a 
density (contrast) ratio of at least 50 
to 1. 

It should also be noted that for di¬ 
rect-positive film, the development 
should yield a contrast directly suit¬ 
able for telecasting. In this case the 
final contrast ratio is desirable, and the 
film is developed to a gamma of from 
2.2 to 2.5. 

It is probably obvious even to the 
general reader that this coverage of 
video recording has been extremely 
sketchy. Since this department of a TV 
station includes an extremely wide 
range of techniques embracing chemis¬ 
try, the many types of films and unusu¬ 
ally wide range of practicing proce¬ 
dures, it would be impossible to include 
the detailed analysis in this book which 
must treat the overall layout. It can 
only be expected that the element of 
“mystery” which may have existed has 
been somewhat lifted, and that the op¬ 
erator will have a basic background of 
knowledge concerning kinescoping. 

6.9 The Synchronizing Generator 

In all the preceding descriptions of 
operational and set up procedures it has 
been assumed that the sync generator is 
delivering properly timed and shaped 
pulses to the equipment. In actual op¬ 
erating procedures, this generator is 
“fired up” first, and checked to ascer¬ 
tain its accuracy before applying the 
high voltage to other studio equipment. 
This section has been deliberately post¬ 
poned with the hope that the reader 
has become more familiar with the pur¬ 
pose and use of these control pulses. 

Fig. G.9A illustrates a typical sync 
generator showing the location of the 
operational and adjustment controls. 
The AFC TIME CONSTANT and 
PHASE SHIFT controls adjust the 
timing circuits to properly lock-in to 
the chosen reference control voltage 

which is selected by the FREQUENCY 
CONTROL selector switch. This selects 
either GO cycle power line, crystal os¬ 
cillator or external control sources of 
timing base. The usual operation is 
with this selector switch set on “GO 
Cycle” position, which locks the timing 
circuits with the power line furnishing 
all studio equipment and film motors. 
When a remote broadcast is upcoming, 
the sync generator is “slaved” to the 
remote sync generator by placing this 
switch on the “EXTERNAL” position, 
and feeding the remotely-derived sync 
voltages from the phase shifter in the 
“Remote Lock-In” device into the “Ex¬ 
ternal Control” jacks on the sync gen¬ 
erator (section .3.9). 

The method of accomplishing this is 
illustrated basically in Fig. 6.9B. Since 
the entire functioning of the TV de¬ 
pends upon a properly operating sync 
generator, at least two such units are 
found at the studio. In case of trouble 
in one, the other may be immediately 
selected either by a switch or by patch¬ 
ing on the pulse distribution panel. 
When a remote broadcast “checks-in” 
to the control room or master control, 
the remote sync-lock unit is adjusted 
and fed to the spare sync generator 
which is thus “slaved” in timing to the 
remote sync generator. Immediately 
prior to broadcast from the studio show 
to the remote location, the screens are 
faded to black and the slaved generator 
thrown into the circuit. Thus when the 
remote broadcast starts, no visible 
“roll-over” occurs in the home receiv¬ 
ers. It is also possible to simply con¬ 
nect the sync generator being used on 
local shows to the remote lock-in device 
during the fade to black immediately 
prior to actual broadcast. Films and 
slide are often used, either as cut-backs 
from the remote show for local com¬ 
mercials, or as supers (superimpo-
sures) over the remote signal. Such 
procedure is common since this elimi¬ 
nates the use of a portable film projec¬ 
tor and camera otherwise necessary if 
everything originates at the field loca¬ 
tion. In this case, the remote sync gen¬ 
erator must have its vertical interval 
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AFC PHASE TIME CONSTANT SHIFT 

FOCUS (SCOPE) 
FREQUENCY CONTROL (900 PULSES) 
FREQUENCY CONTROL ( 15,750) 
FREQUENCY CONTROL ( 4500 ) 

HORIZONTAL DRIVING WIDTH 

vertical DRIVING WIDTH 
horizontal BLANKING W< DTH 

FREQUENCY CONTROL 

EQUALIZING PULSE WIDTH 
HORIZONTAL PULSE WIDTH 

SCOPE 
COUNTER INDICATOR SWITCH (SCOPE) BRIGHTNESS (SCOPE) 

VERTICAL PULSE DELAY 

NUMBER OF NG PULSES FREQUENCY CONTROL ( 180 PULSES ) FREQUENCY CONTROL (7875) FREQUENCY CONTROL (60) NUMBER OF 
VERTICAL PULSES 

vertical VERTICAL BLANKING PULSE WIDTH WIDTH 
Figure 6.9A. View of RCA Sync Generofot showing location of operating controls. 

phased to allow proper lock-in of the 
film projectors at the studio. Th>s pro¬ 
cedure is carried out by the use of PL’s 
(private lines) from control room to 
remote point, and the spare sync gen¬ 
erator is usually used to allow exact 
coordination. 

The reader should be thoroughly fa¬ 
miliar with sections 3.3 and 3.9 before 
study of this section is attempted. 

The top row of three controls on the 
central control panel in Fig. 6.9A con¬ 
cern the test oscilloscope. This scope is 
used to indicate the countdown of the 
frequency divider’ circuits, and the pat¬ 
tern is actually a series of elliptical 
dots rather than actual “steps” of the 
counting circuit. If the COUNTER IN¬ 
DICATOR switch is set to monitor the 

7:1 countdown circuit, a staircase of 7 
dots will appear if the circuit is func¬ 
tioning properly. The FOCUS and 
BRIGHTNESS controls are adjusted 
to give a clear indication on the screen. 

All other controls concern the timing 
and duration of the various control 
pulses. These may be outlined as fol¬ 
lows : 
COUNTDOWN CIRCUITS. For proper 

frequency division. 
H & V DRIVING SIGNALS. For prop¬ 
er frequency and width (duration). 

H & V BLANKING SIGNALS. For 
proper amplitude and duration. 

H & V SYNC PULSES. For proper 
amplitude and duration. 

EQUALIZING PULSES. For proper 
number and width (duration). 
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Figure 6.9B. 

All of these controls are shown in 
Fig. 6.9A. Since the average operator 
is concerned only with adjustment of 
such controls after initial installation 
and adjustments have already been 
made, only this procedure is given here. 
Certainly if initial installation is un¬ 
dertaken, the engineer must have avail¬ 
able tne manufacturers instructions for 
installation and follow them closely. 

For convenience, the basic opera¬ 
tional functions of the sync generator 
under control of the operator are shown 
in Fig. 6.9C. In (1) is the formation 
of the combined H sync and equalizing 
pulses. (2) shows the relative firing of 
the H blanking and sync pulses. It 
should be borne in mind that this com¬ 
bination of sync-on-blanking does not 
take place at the sync generator. The 
blanking is usually inserted at the cam¬ 
era control units with the video, and 
sync is injected following the mixer¬ 
switcher unit. The purpose of (2) is to 
show the formation of the front porch 
on the composite II time. This front 
porch is only 2% of the line interval or 

1.27 microseconds. The relative widths 
of the blanking and sync pulses are 
therefore very important as are all ad¬ 
justments in the circuit. In (3) is illus¬ 
trated the formation of the vertical 
sync blocs, and (4) shows the injection 
of the 6 V sync blocks in the middle 
of the 18 equalizing pulses, resulting in 
6 succeeding and preceding equalizing 
pulses during the V blanking period. 
The correlation of sync generator 

controls with these functions may now 
be seen. The countdown circuits may 
first be checked by tne switch selecting 
the chain of frequency division circuits. 
In the RCA system the sequence is 7-5-
5-3. Starting with the 31,500 cps master 
oscillator frequency, the sequence be¬ 
comes 4500, 900, 180 and 60. The corre¬ 
sponding controls for these respective 
countdowns may be seen in the illus¬ 
tration of Fig. 6.9A. For example, if 
the scope should show only 6 dots in¬ 
stead of 7 with the selector switch in 
the “4500” position (countdown of 7), 
all other frequency divisions would re¬ 
sult in the wrong output frequency. 
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The FREQUENCY CONTROL 4500 
PULSES knob must then be adjusted 
until the indicator shows 7 dots, indi¬ 
cating proper frequency division. All 
other countdown circuits are similarly 
checked and needed adjustments made 
to assure timing outputs to the wave 
shaper unit. 
As shown in (1) of Fig. 6.9C, a 

group of 18 equalizing pulses are 
keyed-on by a 60 cycle 9-line keying 
signal. The NUMBER OF EQUALIZ¬ 
ING PULSES control adjusts this 
value, so that the proper number of 
pulses precede and succeed the keyed-
on vertical sync blocs as in (4). In (4) 
it is noted that these V sync blocs are 
keyed-on by a 60 cycle 3-line keying 

signal. The NUMBER OF VERTICAL 
PULSES control adjusts this value. 
The remaining adjustments concern 

the very important matter of pulse 
widths (duration) of various wave¬ 
forms. Methods of pulse width control 
were described in section 3.3 ; it now 
remains to see how these values are 
measured in practice to assure accur¬ 
acy of properly shaped waveforms. 
The television synchronizing wave¬ 

form illustrated in Fig. 6.9D(1) is 
broken down into relative values in the 
table of Fig. 6.91)(2). From observa¬ 
tion of these waveforms and the table, 
it is obvious that the measuring method 
must be capable of showing fractional-
microsecond time intervals. For exam¬ 
ple, to measure the leading and trailing 
edges (slopes) of either the equalizing 
pulses or horizontal super-sync pulses, 
a device capable of measuring 0.25 mi¬ 
croseconds is necessary. (Super-sync is 
the term given the amplitude of the 
sync pulse which extends from the 
blanking level into the blacker-than-
black region.) The slopes of these 
pulses are critical since, if not correct, 
some lines would be longer than others 
in time with disastrous results in the 
reproduced picture. Similarly, the H 
front porch is only 1.27 microseconds 
in time. The maintenance of this value 
is important to assure sync-pulse uni¬ 
formity as seen by the sync-selector 
circuits. Non-uniformity of front porch 
produces different timing of the trig¬ 
gering action between signals which 
vary between amount of the immedi¬ 
ately preceding white or black picture 
content. It is obvious then that the 
cathode-ray oscilloscope is the logical 
choice for such measurements, and that 
the amplifiers associated with the scope 
must be of broad-band characteristic 
with minimum phase and amplitude 
distortion. 

One popular method used by opera¬ 
tors for pulse measurements employs 
a scope with a triggered sweep speed 
of as high as 2 microseconds-per-inch 
so that pulses may be spread out to 
an appreciable width on the screen. 
Either built-in or separate marker 
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TELEVISION SYNCHRONIZING WAVEFORM 

NOTE 

I - H- TIME FROM START OF ONE LINE 'O START 
OF NEXT LINE 

I 2-V-TlME FROM START OF ONE FIELD TO START 
OF NEXT FIELD 

3- LEAD'NG AND TRAILING EDGES OF VERTICAL 
blanking should be complete in less 
than o.i h 

4- LEAD'NG AND TRAILING SLOPES OF HO6UZON-
tal Blanking must BE steep enough TO 
PRESERVE MIN AND MAX VALUES OF (»-»,) 
AND I. • UNDER ALL CONDITIONS OF PICT URE 
CONTENT 

*5- DIMENSIONS MARKED WITH AN ASTERISK INDI¬ 
CATE THAT TOLERANCES GIVEN ARE PERMIT¬ 
TED ONLY FOR LONG TIME VARIATIONS AND 
NOT FOR SUCCESSIVE CYCLES 

6- EQUALIZING PULSE AREA SHALL BE BE^WEf N 
0 45 AND 0 5 OF TK AREA OF A HORIZONTAL 
SYNC PJLSE 

7- REFER TO TEXT FOR FURTHER EXPLANATIONS 
AND TOLERANCES 

Figure 6.9D. (1). 

generators are used with, for example, 
1 microsecond time markers. Some sta¬ 
tions have scopes which employ a trig¬ 
gered sweep of as high as 0.05 micro¬ 
seconds per inch, with built-in marker 
generators at as high as 0.1 microsec¬ 
ond time-intervals. Pulse width may 
then be conveniently measured by su¬ 
perimposing the markers over the 
pulses displayed on the scope screen. 
Certain inaccuracies may result from 

this method, such as uncertainty of 
exact marker accuracy, and the fact 
that interpolation must be used where 
the markers do not happen to occur at 
the exact start of the pulse under ob¬ 
servation. Providing the scope and 
marker generator are known to be in 
good order, however, the method is sat¬ 
isfactory. 

A scope using triggered sweep al¬ 
lows selection of any sync pulse to trig-
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HORIZONTAL COMPONENTS 

Name of Pulse Freq, 
in PPS 

Duration 
in 

Microseconds 

Duration 
at 

Bose H 

Horizontal Line Interval (H) 15,750 63.5 1 

Horizontal Blanking Interval 15,750 1 1.43 
(max.) 

0.18 
(max.) 

Horizontal Front Porch 1.27 0.02 

Horizontal Super-Sync. Bottom Width 5.08 0.08 

Horizontal Super-Sync. Width at Top 4.57 0.072 

Horizontal Super-Sync. Front Slope 0.25 
(max.) 

0.004 
(max.) 

Horizontal Super-Sync. Back Slope 0.25 
(max.) 

0.004 
(max.) 

Maximum Slope End of Picture to Start of H Blanking 0.64 
(max.) 

0.01 
(max.) 

Maximum Slope End of H Blanking to Start of Picture 0.64 
(max.) 

0.01 
(max.) 

VERTICAL COMPONENTS 

Name of Pulse Freq, 
in PPS 

Duration 
in 

Microseconds 

Duration 
at 

Base H 

Vertical Field Interval 60 1 6,667 262.5 

Vertical Blanking 60 833.4 (mm.) 
1 333.3 (max.) 

13.1 (min.) 
21.0 (max.) 

Rising and Falling Slopes of Vertical Blanking Intervals <6.35 <0.1 

Equalizing Pulse Interval 31,500 2.54 0.04 

Leading and Trailing Edges of Equalizing Pulse Interval 0.254 0.004 

Interval Between Equalizing Pulse and V Sync. Pulse 28.57 (min.) 
31.75(max.) 

0.45 (min.) 
0.5 (max.) 

Vertical Sync. Pulse Interval (Total) 190.5 3 

Vertical Sync. 31,500 27.3 0.43 

Vertical Serrations 31,500 4.44 0.07 

Figure 6.9D. (2). 

ger the horizontal sweep circuit of the 
scope, and observation of exact width 
of pulses or duration of the leading and 
trailing edges. Some television test 
scopes used in stations employ a cali-
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may read directly the time display in 
microseconds. For example, Fig. 6.9E 
(1) shows a typical pattern obtained 
from a triggered sweep set to select 
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the horizontal sync pulse, and spread 
out on the screen so that the slope of 
the pulse is conveniently displayed. A 
hairline in the center of the screen is 

used to set the top of the slope as in¬ 
dicated in Fig. 6.9E. By turning the 
calibrated delay dial until the bottom 
of the slope is centered at the hairline 
(by shifting the pattern to the right 
under the hairline), the operator may 
read from the corresponding marks on 
the dial (indicating amount of degrees 
through which the dial was turned) 
the exact time in fraction of micro¬ 
seconds occurring during this slope. 
From the table in Fig. 6.9D(2), it; is 
noted that the maximum time duration 
allowed is 0.25 microseconds, for the 
front or back slopes of the horizontal 
sync pulse. 

The front porch and back porch of 
the H blanking-sync signal may simi¬ 
larly be measured as indicated in (2) 
of h ig. 6.9E. If the leading edge of the 
blanking pulse is set under the hair¬ 
line, and the pattern shifted to the 
right until the leading edge of the sync 
pulse is centered, the time interval of 
the front porch is measured. Obviously, 
any such interval is accurately meas¬ 
ured by this means. 

The relative areas of the equalizing 
pulses and H sync pulses are very im¬ 
portant during the vertical blanking pe¬ 
riod. From Figs. 6.9D(1) and 6.91)(2) 
it is noted that the equalizing pulse is 
’4 the area of the H sync. Although 
the FCC specifies area in these values, 
a very close approximation is made in 
practice by comparing the width of the 
respective pulses. Scopes of the type 
employing pulse measurements (such 
as the Du Mont Type 280 widely used 
in stations) may be triggered on 2 suc¬ 
cessive fields with the patterns of both 
fields superimposed. In (3) of Fig. 
6.9E, the scope is triggered on 2 suc¬ 
cessive fields, with the sweep speed ad¬ 
justed to display the H sync pulse. The 
H sync pulse of one field is supered on 
an equalizing pulse of the next field. 
For perfect interlace, the two pulses 
would be exactly superimposed at point 
(A) in the illustration. A slight sepa¬ 
ration is shown here for clarity. Obvi¬ 
ously, the widths may be measured as 
described above. 

A method which seems to be rapidly 
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Figure 6.9F. (1) Fundamentals of Pulse-Cross, when producted by half-speed (approx.). Sweeping 
of the monitor Kinescope. (Method described in Chapter 8.) 

Figure 6.9F. (2) Expanded view of a portion of the pulse-cross drawn in Figure 6.9F(1) to show 
sequence of pulses displayed on kinescope. 
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replacing the above procedure for rou¬ 
tine or emergency checks of the sync 
generator, especially in stations not 
employing elaborate scopes, is known 
as the Pulse-Cross method. The idea is 
to cause the horizontal and vertical 
blanking intervals to be displayed upon 
a regular picture tube such as a master 
monitor in the control room. For ex¬ 
ample: If the H scanning speed in the 
monitor is adjusted to one-half the nor¬ 
mal speed, two pictures appear side-by-
side on the monitor. Appearing in the 
center will be the dark vertical region 
of the H blanking interval between the 
lines. Adjusting the contrast and 
brightness controls enables the opera¬ 
tor to observe the H front porch which 
is dark gray, the super-sync region 
which is black, and the back porch 
which is again dark gray. In other words 
the H blanking interval is centered in 
the trace portion of the scanning pe¬ 
riod instead of in the retrace portions 
which, with normal sweep, occur at the 
extreme edges of the picture. Similarly, 
if the vertical sweep control of the 
monitor is adjusted to one-half the nor¬ 
mal sweep, two pictures appear on top 
of each other, with the V blanking in¬ 
terval displayed horizontally across the 
picture tube between the two pictures. 

Therefore if the monitor tube sweep 
frequencies are reduced to approxi¬ 
mately one-half normal rate in both 
horizontal and vertical directions, the 
triggering of the lines are displaced in 
the normal picture area of the kine¬ 
scope. By applying the composite sig¬ 
nals from a distribution amplifier to 
the regular input terminals of such a 
modified monitor, and expanding the 
sweep to cover a large area of the 
screen, a pulse-cross pattern is dis¬ 
played as illustrated basically in Fig. 
6.9F(1).** Bringing up the brightness 

**In actual practice, due to difficul 
ties in half-sweeping a master monitor 
kinescope, time-delay circuits are em 
ployed to shift the blanking intervals 
into the normal picture areas of the 
tube. Fig. 6.9F(1) and (2) are based 
upon this time-delay method, rather 

level on the tube aids in actual counting 
of the lines and pulses observed. 

Interpretation of this pattern aids 
immeasurably in visualizing the rela¬ 
tive placement and timing of all the 
control pulses. Starting at the extreme 
left of the drawing, it is noted that the 
vertical blanking interval shown here 
covers approximately .37 lines. It should 
be recalled that this interval is equiva¬ 
lent to from 13 to 21 horizontal lines 
per field, or 26 to 42 lines per frame as 
displayed on this raster. This means 
that a range of 5% to 8% blanking is 
allowed by the FCC in the Standard 
TV Waveform. 

5% blanking = 26 lines per frame. 
6% blanking = 31 lines per frame. 
7% blanking = 37 lines per frame. 
8% blanking ==42 lines per frame. 

The average V blanking interval used 
by stations in practice is 7% and this 
value (37 lines blanking) is illustrated 
in the drawing. 

Next (to the right) is shown the first 
equalizing pulse of the second field.* 
REMEMBER AT THIS POINT THAT 
SINCE THE ENTIRE FRAME IS 
DISPLAYED, INTERLACING OF 
THE SWEEPS IS SHOWN. What is 
important to point out here is that, fol¬ 
lowing the equalizing pulses on down 
immediately below this “first equaliz¬ 
ing pulse, second field.” we may label 
them as follows: second equalizing 
pulse, first field; third equalizing pulse, 
second field; fourth equalizing pulse, 
first field; fifth equalizing pulse, sec¬ 
ond field ; and sixth equalizing pulse, 
first field. 

Observe Fig. 6.9F(2) for clarity of 

* Arbitrarily named. Could be either 
first or second field at this position on 
raster. 

than half-sweeping which would show 
only three equalizing pulses. Details of 
producing the pulse-cross are given un¬ 
der MAINTENANCE, Chapter 8, in 
which several most satisfactory meth¬ 
ods are outlined. 

■ 321 



Operating Studio and Control Room Equipment 

this sequence shown in the pulse-cross 
pattern. Note that following the sixth 
equalizing pulse, first field, along the 
same line to the right appears the first 
vertical sync pulse for field 1. At the 
next line down to the left is the first V 
sync pulse for field 2, and along this 
same line to the right (separated by 
the V serration interval) is the second 
V sync pulse for field 2. This sequence 
is followed on through vertical ser¬ 
rated sync interval to the following 
first (trailing) equalizing pulse of field 
1. The trailing equalizing pulse inter¬ 
laced sequence is then followed to the No. 
6 (last) equalizing pulse of field 1, shown 
at bottom left. It is noted that follow¬ 
ing this line along to the right the last 
equalizing pulse is succeeded by the 1st 
H sync pulse of field 1. THEREFORE 
THE SPACING BETWEEN SUC¬ 
CESSIVE PULSES IS MEASURED 
HORIZONTALLY ALONG THE PAT¬ 
TERN. Fix the information shown by 
the pulse-cross in your mind with that 
shown in Fig. 6.9G for a clear percep¬ 
tion of the interlaced scan and control 
functions of the sync generator. 

Going back to Fig. 6.9F(1), note the 

display of the H front porch, H sync, 
and H back porch. For a sync generator 
that is precisely adjusted, the follow¬ 
ing relationships occur and may be ob¬ 
served and measured by the pulse-cross 
pattern : 
1. Six equalizing pulses preceding V 

sync and in line with H sync. Also 
six equalizing pulses preceding H 
sync which are at half-line position. 
The relative width of the equalizing 
pulses and horizontal sync pulses 
may be most conveniently measured 
at the cross occurring at the right 
in the illustration. The width of the 
equalizing pulses should be 0.45 to 
0.5 of the sync interval. (See note 
No. 6. Fig. 0.91 )(!).) Remember 
that although the FCC stipulates 
this measurement in area, the hori¬ 
zontal display of pulse width is ac¬ 
curate in practice. 

2. Six V sync pulses, 0.43H duration, 
with serrations at 0.07H. 

3. Six equalizing pulses trailing the V 
sync pulses and in line with H sync. 
Also six trailing equalizing pulses 
at half-line position. Same width as 
those preceding V sync pulses. 

MAX. VERTICAL BLANKING 

0 

CM CM CM 
CM CM CM 

FIELD A 

!H 

OJ CM <N I 
CM CM CM CM 
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DARK 

Hi i i i hii hhúhmiilí í liíi l i 
I I 
H-5H 

i i i i i i i i i i i i i i i i i i i i i 

I I I I I I I II 11II lllllll 111111 I I I 
' 'lüJ !H ¡H ; 

Figure 6.9G. Illustrating the vertical blanking interval with preceding and succeeding lines in 
both “even" and “odd“ fields. The maximum vertical blanking interval of 21 lines per field is 
shown here. Note that “Field A" is even numbered lines up to V sync, at which time the even 
numbered lines are started to be scanned. Thus the illustration depicts the last few lines of each 
field, and the first few lines of the succeeding field. Note carefully the half-line difference at the 
start of the leading equalizing pulses and at the end of the trailing equalizing pulses. Note that 
the polarity of the control pulses is negative, as is standard for studio-output amplifiers, and as 

would be applied to the monitor for pulse-cross patterns. 
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Figure 6.9H. Photo of pulse-cross with vertical bars from grating generator superimposed. 

4. After the last trailing equalizing 
pulse, normal H sync pulses occur 
and blanking prevails for remainder 
of vertical blanking time. 

5. Front porch of H blanking. 0.02H 
duration. 

6. H sync. 0.08H duration. 
7. Horizontal back porch. 

An exact method of calibration of the 
kinescope screen for more accurate 
measurements of pulse widths, first 
used at station WPIX in New York, in¬ 
corporates the use of a Grating Gen¬ 
erator. (Section 6.1.) Since the grating 
generator is triggered from the sync 
generator, the linearity bars may be 
superimposed upon the pulse cross and 
all pulse widths measured in terms of 
the base H. In this method the compos¬ 
ite signal from a film or camera chain 
distribution amplifier is fed to the moni¬ 
toring kinescope along with signals 
from the grating generator. Fig. 6.9H 
illustrates the resulting pattern with 
only vertical bars supered on the pulse¬ 
cross. Since these bars are produced 

with a separation which is a specific 
percentage of H, calibration of the 
kinescope becomes automatic. For ex¬ 
ample, in the photo of Fig. 6.9H may 
be counted 25 bars between two succes¬ 
sive vertical serrated pulses. From the 
table in Fig. 6.9D(2) we observe that 
a vertical sync pulse is 0.43H, and the 
serration is 0.07H. Therefore the stand¬ 
ard separation between V pulses (from 
the leading edge of one pulse to the 
leading edge of the successive pulse) is 
0.43 + 0.07, or 0.5H. Since 25 bars, 
triggered from the sync generator, are 
placed within this interval of 0.5H, 
the distance between bars is 0.5H X 
1/25, or 0.02H. Since calibration in 
terms of H is very convenient for meas¬ 
urement, this procedure allows a very 
accurate adjustment of pulse duration 
in the sync generator. In this specific 
example, the bars have been displayed 
n terms of 0.02H. Therefore the width 
of equalizing pulses, V sync pulses. H 
front and back porches, and H sync 
may be correctly adjusted. If the grat-
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ing generator is adjusted to display 50 
bars within this interval, the distance 
between bars is 0.5H X 1/50, or .01H. 

When the sync generator is to be 
“slaved” to the remote control genera¬ 
tor prior to a remote program in which 
cut backs to the studio occur or supers 
are necessary over the remote signal, 
the most popular method of testing is 
the cross-sweep on the monitor. This 
means that the monitor sweeps are 
driven in the normal manner from the 
driving pulses of the local sync genera¬ 
tor, while the grid of the monitor tube 
is modulated by the remote signal con¬ 
trol pulses. This causes the V and H 
sync pulses to move across the face of 
the kinescope. The sync-lock may then 
be adjusted so that the V and H sync 
intervals of local sync corresponds to 
those of the remote sync generator. The 
methods of adjustment vary widely in 
practice; many stations having built 
up their own circuits for remote-local 
sync phasing. The RCA “Genlock” is 
automatic in this respect in that no pre¬ 
cise phasing controls are necessary. In 
this system the H frequency control 
circuit puts out a variable DC to the 
reactance tube of the local generator, 
an amount necessary to correct the local 
H pulses automatically with those of 
the remote. The field-frequency control 
circuit puts out a signal to the 7:1 
counter circuit in the local sync genera¬ 
tor which automatically controls the 
field frequency with that of remote sig¬ 
nals. 

6.10 Operating the Sound 

The television sound technician faces 
just as wide a variance of obstacles to 
be overcome in the normal course of a 
local production as does the video tech¬ 
nician. Just as in AM and FM stations, 
the TV station audio facilities must ac¬ 
commodate acoustical conditions that 
are peculiar to that specific installa¬ 
tion; no two studios in the world being 
acoustically alike. In television this 
condition is aggravated by the fact that 
for any particular studio, the acousti¬ 
cal conditions will change with each 
program that uses different props and 
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different effective areas of the studio. 
The TV sound engineer can’t get in a 
rut; the daily operations schedule pre¬ 
sents a continuous challenge in opera¬ 
tional problems. It is imperative that 
he be familiar with the fundamental 
properties of microphones as they af¬ 
fect operating techniques. This subject 
is adequately covered in existing litera¬ 
ture and will not be completely re¬ 
viewed here. 1 2

Fig. 6.10A illustrates the basic types 
of microphones used in television sta¬ 
tions. Such mikes may be fundamen¬ 
tally catalogued in two classes; mikes 
which are non-directional in sound pick¬ 
up, and those which, by design, are di¬ 
rectional to sound pickup. The Western 
Electric mike of (1) is directional in a 
cardioid pattern toward the face; in 
(2) is the popular “Saltshaker” West¬ 
ern Electric mike, non directional in 
sound pickup, and used in such applica¬ 
tions as announce booths where the TV 
announcer makes his station breaks and 
commercial plugs which may be accom¬ 
panied by slides rather than a view of 
the announcer himself. In (3) is the 
RCA 77-D Polydirectional mike, very 
commonly used on microphone booms 
where almost any pattern of response 
may be called for. This mike is a va¬ 
riable pattern instrument (see Fig. 
6.10B), often used in the uni-directional 
position which is similar to the Western 
Electric Cardioid pattern. This pattern 
aids in minimizing unwanted sound 
pickup, one of the major problems in 
the TV show. A type of microphone 
often used when the mike appears in 
the picture, as a night-club scene or 
announcer pickup, is shown in (4) of 
Fig. 6.10A. This is a small pressure¬ 
type mike, non-directional in sound 
pickup, designed to be as unobtrusive 

’Oliver Read: “The Recording and 
Reproduction of Sound.” Second edi¬ 
tion. Howard W. Sams, Publisher, In¬ 
dianapolis. 
2Harold E. Ennes: “Broadcast Opera¬ 

tors Handbook,” Second Edition, John 
F. Rider, Publisher, New York. 
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Figure 6.10A. (1) (2) Western Electric Microphones. In (1) is shown the directional (cardioid pattern) 
mike. In (2) is the non-directional “saltshaker" mike often used in announce booihs. Courtesy 

Western Electric. 

as possible so as not to “hide” the an¬ 
nouncer or singer. Any non-directional 
microphone may only be used when the 
ratio of wanted-to-unwanted sound is 
sufficiently high. 

Fig. 6.10B illustrates the versatility 
of the RCA 77-D type mike. (The West¬ 
ern Electric 639A and 639B are also 
variable-pattern microphones.*) In (1) 
of this illustration is shown the method 
of selecting the desired pattern of re¬ 
sponse. This is done by means of a 
slotted shaft brought out flush with the 
rear of the windscreen as shown in the 
photo. The plate is marked with a “U” 
(for Uni-directional), “N” (for Non-
directional), and “B” (for Bi-direction¬ 
al). The resulting response patterns 

*pp 34-35 and 327-328; H. Ennes: 
“Broadcast Operators Handbook.” sec¬ 
ond edition, John F. Rider, Publisher, 
New York, 1952. 

are shown on the illustration, and con¬ 
tain pertinent information concerning 
operating techniques. Compare, for ex¬ 
ample, the Uni-directional and Bi-di¬ 
rectional jiatterns. Note that at 90° on 
the “U” pattern, the average response 
is down only about 5db in reference to 
zero-degrees axis. Now observe the “B” 
fiattern at 90°. It is seen that the 2000 
cycle response is down about 12.5db, 
and the 500 cycle response is down 
about 15db. This illustrates a feature 
common when comparing any uni-direc¬ 
tional pattern with, any bi-directional 
fiattern ; the uni-directional character¬ 
istic being much broader in coverage 
in front of the mike than is the case 
with a bi-directiona) response. Thus the 
uni-directional response is used to 
cover a relatively large area in front 
of the mike as well as to reduce un¬ 
wanted sound pickup at the rear. The 
reader should also note that in this in-
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Figure 6.10A. (3) RCA Type 77-D, Variable¬ 
pattern microphone. 

strument set on bi-directional response, 
the pickup area at the “rear” of the 
mike is not as great as that to the front. 
The “rear” is the side containing the 
slotted shaft (Fig. 6.10B(l) ). 
Another important feature of re¬ 

sponse pickup areas is that relating to 
the extremely high-frequencies so nec¬ 
essary for good reproduction of music. 
Observing the non-directional pattern 
of the 77-D, it is noted that the mike 
should still be “faced” toward any 
sound-source requiring good registra¬ 
tion of high frequencies. The 9000 cycle 
response curve (slotted line) is down 
toward the rear of the mike even 
though set in the “N” position. This is 
a characteristic of any variable-pattern 
instrument due to the design features. 
The reader is encouraged to study the 
references given above to gain a com¬ 
prehensive knowledge of mike struc¬ 
ture. 

This points up another common error 
chargeable to newcomers concerned 
with sound pickups. Many of them are 
under the impression that any “non-

directional” type of mike may be made 
directional by pointing the instrument 
toward the sound, with the “back” to¬ 
ward unwanted sound areas. Fig. 6.10C 
illustrates the fallacy of this concep¬ 
tion. Regardless of mike case orienta¬ 
tion, it is just as “non-directional” to 
all sounds except the high frequencies 
above about 1500 cycles. These higher 
frequencies are deflected by the hous¬ 
ing sufficiently to become attenuated 
toward the rear of the microphone. To 
achieve true directivity, the mike must 
be “designed that way.” 

It is also observed from Fig. 6.10B 
(2) that the 77-D contains an adjust¬ 
ment of frequency response for “voice” 

Figure 6.10A. (4) RCA ‘‘Starmaker” Microphone. 
Courtesy RCA. 
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Figure 6.10B. (1) RCA 77-D Microphone showing adjustment of “U," "N," and “B" response patterns. 

or “music” ranges. The slotted shaft on 
the bottom of the mike varies this range 
of response as shown in the illustration. 
Two “voice” positions are available, 
“VI” and “V2.” The voice range “VI” 
is often used on mike booms even for 
music, especially if a large amount of 
low-frequency “boom” exists due to 
studio dimensions and acoustical condi¬ 
tions. 

The method of aural pickup for TV 
shows may be classed into three general 
divisions as follows: 

(1) Shows in which all mikes may be 
visible to the viewer. Such programs as 
quiz shows, panel discussions, some va¬ 
riety shows, musical productions, for¬ 
mal interviews, news programs, sport¬ 
ing events, night clubs, etc., fall into 
this category. 

(2) Shows where some mikes may be 
visible while others must be kept out 
of camera lange. Some variety pro¬ 
grams are a good example of this tech¬ 
nique, such as partly musical and 
partly dramatic. 

(3) Productions in which all mikes 
must be kept out of camera range. The 
most notable example here is the dra¬ 
matic program in which the appearance 
of a microphone would jeopardize the 
atmosphere or mood of the show. Such 
technique is also used in interviews 
where an air of informality is to be 
preserved. Actually, any of the above 
mentioned programs might call for this 
method. 
Programs where the microphones 

may appear in the scene are handled 
the same as in the usual sound broad-
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Figure 6.10B. (2) RCA 77-D Microphone showing 
adjustment and curves of "M,” ‘‘VI,” and “V2" 

frequency response. 

cast studio, with the one important dif¬ 
ference that the mike must not obstruct 
the face of the persons on the show. 
The new mikes such as illustrated in 
Fig. 6.10A(4) find wide application due 
to this necessity. When the larger mikes 
are used, they are placed below or above 
the face. In panel discussion programs, 
the mikes are low and sometimes hidden 
by a projection on top of the desk. In 
many cases this technique is a decided 
improvement over the practice found 
in the great majority of AM and FM 
stations where the announcers and par¬ 
ticipants crowd directly into the face 
of the mike. This distance should never 
be less than two feet for faithful re¬ 
production of voice. Many aural broad¬ 
cast announcers, in the habit of mike 
mugging, take a bit of persuading in 
the transition to TV practice. 

Programs in which some or all of the 
microphones must be kept off the 
screens call for the mike-boom and 
boom operator. The most popular mi¬ 

crophones used for this application are 
the RCA 77-D, and the Western Elec¬ 
tric 639A or 639B. Since the greater 
distance of mike to sound source em¬ 
phasizes unwanted sound pickup, the 
uni-directional pattern of sound is 
highly desirable from the boom. The 
boom arm must be high enough to be 
out of the picture, and is usually 
slanted at about a 45° angle to point 
toward the principal sound area. 

The greatest transition in practice 
which the aural broadcast sound tech¬ 
nician must make in TV practice is the 
art of sound perspective. This term de¬ 
scribes the technique of fitting the ap¬ 
parent distance of sound into the ac¬ 
companying picture as it appears on 
the screen. As an example, assume that 
the camera is on a close-up of a man 
and woman seated on a davenport, with 
the woman talking earnestly, perhaps 
pleadingly to the man. The boy friend, 
or husband as the case may be, is about 
to “take a powder” against the earnest 
pleas of the feminine partner. The man 
gets up from the davenport and walks 
slowly across stage to the door, with the 
woman pleading on, becoming hysteri-

0» 

100° 

Figure 6.IOC. Pattern of non-directional mike 
when attempting directivity by case orientation. 
It is noted that the mike may be made ‘‘direc¬ 
tional” in this manner only at higher frequen¬ 
cies. At the frequencies below 2000 cycles, con¬ 
taining most of the peak energies of sound 
waves, the mike is just as non-directional in any 
position. Pattern of Electro-Voice Model 605 non-

directional mike. Courtesy Electro-Voice. 
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cal in her routine. The camera follows 
the man to the door. Since the viewer 
is concerned at this time only with the 
man, it is natural that he expects the 
woman’s voice to be left behind as the 
male walks slowly out of her presence. 
In this case, even though the man is not 
saying a word, the mike boom operator 
would do well to follow his movements 
so that the apparent distance to the 
voice becomes greater in direct ratio 
to his movement. But at this time comes 
one of the problems not apparent on 
the surface. In monaural reproduction 
of sound, as contrasted to our normal 
bi-naural hearing in nature, the appar¬ 
ent distance becomes increasingly 
greater as the mike is moved away, 
above and beyond what we experience 
if we were there “in person.” Actually 
it is found that the mike need not fol¬ 
low the man in the above example all 
the way across the room. If this were 
done, in many instances the apparent 
distance would be far greater than one 
room-length. All of which points up 
that rehearsals with sound as well as 
sight must be thorough and completely 
anticipated on the air. No rules may be 
laid down since there is no such thing 
as a “standard studio” acoustically. The 
desired effect can only be achieved 
through careful rehearsals. This char¬ 
acteristic is discussed here to acquaint 
the reader with the phenomena so that, 
in the all too usual occurrence of insuf¬ 
ficient rehearsal time, he will be pre¬ 
pared to emphasize the importance of 
his ear to the success of the show. 
Another very common problem in 

television sound is the transition from 
a closeup of a person sitting in a chair, 
then getting up, at which time the area 
of view widens to include other details. 
If the person is talking during this 
transition, the mike boom operator 
must be warned in time to raise his 
mike before it comes into view. Then 
what happens to the sound? Any sud¬ 
den change in distance of the mike is 
very noticeable to the listener due to 
the phenomena mentioned above. Ac¬ 
tually, then, this action must be anti¬ 

cipated far enough ahead of time so 
that the boom is very gradually raised 
just before the cue to widen the area 
of view is given. Due to the precision 
which with this sight-sound relation¬ 
ship must be exercised, many operators 
tie an inconspicuous length of string 
onto the mike so that it may be no¬ 
ticed before the mike appears in the 
picture, by carefully watching for it in 
the monitor. 

Shadows cast by the mike and boom 
are an ever present danger in TV pro¬ 
ductions. This calls for close coopera¬ 
tion with the lighting engineers. Such 
shadows may be eliminated by sufficient 
light from the angle on the spot where 
the shadow occurs, which “washes out” 
the shadow. 

In instances where the mike must be 
quite close to a camera, it is often 
necessary to turn off the camera blower 
to prevent the noise from being picked 
up. Such occurrences usually last only 
a small period of time, and in most of 
the newer cameras the blower may be 
off over a considerable length of time 
unless the ambient temperature is usu¬ 
ally high. 
On un-rehearsed shows where the 

continuity of action is uncertain, the 
mike boom operator often orients the 
face of the mike practically parallel to 
the floor for wider coverage. Quality 
of sound is somewhat inferior in this 
procedure but is often necessary for 
adequate pickup. 

The sound mixer control console for 
television does not differ from that 
found in the AM or FM station. Fig. 
6.10D illustrates a typical studio con¬ 
sole-type audio control board. Located 
on the control panel are the mike keys, 
attenuators, turntable keys and attenu¬ 
ators, audio attenuators for the film 
chain, monitoring and cue-feeding 
switches and attenuators. The VU meter 
indicates the audio level output from 
the control room, 100 on the dial corre¬ 
sponding to 100% modulation of the 
FM aural transmitter at the audio¬ 
video transmitter installation. The 
operator should be familiar with the 
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Figure 6.10D. Western Electric Type 25B Audio Control Console. Courtesy Western Electric. 

control and functional circuits of his 
board for efficient operation.* 

The record and transcription turn¬ 
tables are often placed at the side of the 
control panel and operated by the sound 
engineer responsible for the audio mix¬ 
ing. On large productions involving a 
number of microphones, he is usually 
assisted by a turntable operator so that 
his attention may be concentrated on 
the control of the mikes. Turntables for 
broadcast use incorporate filter selec¬ 
tors to accommodate the wide variety of 
recordings and transcriptions, cueing 
facilities, a fader control external to 
that on the mixer console, and an off-on 
switch for the motor. Fig. G.10E shows 

*Thoroughly described by the author 
in “Broadcast Operators Handbook,” 
Second Edition. 

a typical broadcast-type turntable with 
these controls on the cabinet panel. The 
recording is “cued-in” by throwing the 
central switch to the “CUE” position. 
When the stylus reaches the sound on 
the record, the signal is heard either 
in headphones worn by the operator or 
on an external loudspeaker cueing sys¬ 
tem. He then backs the record to the 
start of the sound and turns the motor 
off. Immediately prior to broadcast, he 
starts the turntable motor running 
wh3e holding the record by hand to pre¬ 
vent its turning, throws the center 
switch to “BROADCAST” position, and 
upon the direct cue, lets the record go. 
This procedure calls for exact cueing 
of the record so that the sound starts 
immediately upon release of the record 
with the revolving turntable. The prac¬ 
tice is necessary since an almost com-
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Figure 6.10E. Typical Broadcast-Type turntable. 
Courtesy Gates Radio Company. 

píete revolution of the turntable is 
necessary to come up to proper speed. 
Sound from the record would “wow” 
if the turntable were simply started 
revolving at the first sound groove. 
Operational cues with which the 

sound engineers must be familiar are 
as follows: 

OPEN MIKE 1 (or 2, etc.). Order to 
the sound control operator at the con¬ 
trol board to open the fader for that 
mike, or, if the fader is open, to close 
the corresponding mike switch. 

STANDBY WITH SOUND. Alert cue 
to audio operator or turntable oper¬ 
ator to start the turntable revolving 
while holding the record to prevent 
its turning. Fader should be open in 
readiness for sound. 

HIT THE SOUND. Direct cue to turn¬ 
table operator to release record. 

FADE IN SOUND. Sometimes termed 
“sneak in sound.” The fader is closed 
upon release of the record and gradu¬ 
ally raised to desired level as in¬ 
structed by director. 

CUT SOUND. Abrupt cut of sound, 
best accomplished by throwing the 
mike switch rather than using the 
fader. 

FADE OUT SOUND. Might be termed 
“slow fade out” or “fast fade out.” 
Accomplished by use of the proper 
fader control. 

SOUND DOWN. Cue to operate fader 
to obtain lower sound level, but to be 
maintained under the principle sound 

or simply to accompany the picture 
at a lower audio level. 

SOUND UP. Operate fader to obtain 
higher level of audio. Note: some di¬ 
rectors do not watch the VU meter 
and may order the sound up when it 
is already peaking at 100 on the 
meter. This is simply a lack of proper 
rehearsal time, and the operator-
should realize that he cannot accom¬ 
plish the desired result by overmodu¬ 
lating the transmitter. Indeed most 
installations include a limiter ampli¬ 
fier- at the transmitter to avoid such 
overnrodulation. If the period of time 
is to be very short, the operator may 
“up” the sound until the meter hits 
the pin. If it is to be extended over a 
longer period of time, and the direc¬ 
tor is temperamental, raise the moni¬ 
tor volume! The chief engineer will 
back you up if there is any question. 
The technical department must be re¬ 
quired to work only within the tech¬ 
nical limitations of the system. 

CROSS FADE TO 2 (or 1, 3, etc.). Cue 
to audio operator to fade in on mike 
2 while the other mike is faded out. 

SEGUE. (Pronounced Seg-way). An¬ 
other record follows immediately at 
the conclusion of the record being 
broadcast. 

6.11 Typical Pre-Program Routine 

Space does not permit a complete 
“typical day in the life of a television 
operator.” It is well, however, at this 
time to review a typical routine of set¬ 
up procedure as described in the previ¬ 
ous sections of this chapter. Any points 
not clear in this section call for a re¬ 
view by the reader of the pertinent 
sections. 

The sync generator is the first equip¬ 
ment to be turned on. Some installations 
use a master switch which turns on the 
sync generators and all filaments in the 
rest of the equipment. After the sync 
generators have been warmed up sev¬ 
eral minutes, the countdown circuits are 
checked by the scope on the sync panel. 
The H and V driving signals for the 
camera chain are checked by an ex-
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ternal oscilloscope for proper opera¬ 
tion. 

Plate voltages may now be applied to 
the camera control units, mixer-switcher 
units, intermediate and line amplifiers, 
picture and waveform monitors. All 
audio equipment is turned on and sound 
checked for level and quality. The 
studio cameras high voltage is left off, 
and the lens are tightly capped. 
Linearity bars are applied to the 

master monitor, and sweep circuits ad¬ 
justed for proper linearity and aspect 
ratio. The Monoscope camera, when 
used, is then applied to the master 
monitor and adjusted for proper linear¬ 
ity of sweeps against the properly ad¬ 
justed master monitor. 

The driving signals are now observed 
on the camera control unit waveform 
oscilloscope, and if found properly oper¬ 
ating, the high voltage may be applied 
to the cameras in the studio. The lens is 
left capped. Beam current is turned on 
only after ascertaining that the sweep 
circuits in the camera are properly 
operating from the triggering pulses of 
the H and V driving signals. If sweep is 
present at the deflection yoke of the 
camera, it is safe to turn up the beam 
current. 

Electrical focus is now achieved by 
the “dynode spot” procedure. The lens 
may now be uncapped and focused upon 
a test pattern properly illuminated and 
leveled with the camera. The camera 
operator and camera control unit oper¬ 
ator coordinate in electrical adjustments 
of the camera chain. By watching the 
master monitor which is monitoring the 
signal at the output of the line ampli¬ 
fier, linearity controls are adjusted and 
proper aspect ratio in camera sweeps 
is obtained. The image orthicon target 
is slightly over-scanned during align¬ 
ment, resulting in a slightly smaller-
than-normal picture on the monitor pic¬ 
ture tubes. 

Optimum shading is now obtained for 
each camera by noting the level across 
the top of the waveforms displayed on 
the control unit monitors. 

Next is the critical checks for proper 
scanning, interlacing, etc., of the sweep 

circuits. Lnderscan the camera verti¬ 
cally for a very short period of time. 
This results in the picture on the moni¬ 
tor tube being spread out vertically so 
that the center of the picture is ex¬ 
panded to an amount sufficient to ob¬ 
serve the lines in the picture. Proper 
interlacing results in evenly spaced 
lines. If a slow crawl and intermingling 
of lines is observed, the interlace is not 
correct and the sync generator must be 
checked. Bring V scan back to normal 
so that the edges of the picture fall into 
view on the master monitor. H and V 
centering of sweeps in the camera is 
best adjusted by overscanning so that 
a small image on the monitor is ob¬ 
tained, and the centering controls ad¬ 
justed to place the frame of the picture 
in the center of the monitor screen. 

Final checks may now be made on all 
control pulses by the calibrated scope 
method or pulse-cross. Blanking signals 
must be of the proper width with accu¬ 
rate front and back porches. If faulty 
interlace was discovered in the above 
procedure, the driving signals must be 
re-checked for proper amplitude, fre¬ 
quency and duration. 
The film chain must be checked for 

video and audio. The iconoscope key¬ 
stone correction circuit is adjusted by 
overscanning the mosaic, resulting in 
a small image on the monitor. The key¬ 
stone circuit is then adjusted so that 
the picture is the same width at bottom 
and top. The scan is then returned to 
normal. 

Video gain and pedestal controls are 
given their final check for proper pic¬ 
ture contrast. Correct amount of setup 
is adjusted at each camera control unit, 
and checked at the final line output 
amplifier. Overall audio and video con¬ 
tinuity and levels are then checked 
with master control or transmitter. 

In turning studio equipment off, the 
sequence of power functions are just re¬ 
versed from the warmup period. The 
camera beam current is turned off first. 
When the beam signals completely dis¬ 
appear from the monitors, the sweep 
circuits may be turned off. AH camera 
lens are capped. 
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Technical Production of 
Studio Shows 

It would be highly desirable for every 
neophyte to obtain permission to roam 
the studios and control rooms during 
the rehearsals or broadcasts of TV 
shows. That this is not possible is not 
due to an iron curtain deliberately 
dropped over a station’s activities. It is 
literally impossible to conduct every 
interested person into the sanctuary of 
a live pickup area. The anthill of ac¬ 
tivity which occurs in such areas pre¬ 
cludes all but the presence of necessary 
personnel and perhaps a privileged few. 
It will be the purpose of this chapter 
to reveal a necessarily limited picture 
of the activities that take place during 
a typical rehearsal and broadcast. The 
experience will be limited because no 
two shows, even in the same studio with 
similar setup equipment, will present 
the same problems that call for the 
same solutions. 
When your guide first ushers you 

into the control room, you are struck 
full in the face with what appears to be 
utter confusion. There is no clean cut 
sound in the monitor speaker, but sev¬ 
eral different and unrelated programs 
seem to be floating around the room. 
You glance around at the picture moni¬ 
tors and again everything is confusion. 
You note a string of picture tubes side-
by-side, every picture different. To add 
to your discomfiture, the room is so 
active with the criss-crossing of busy 
personnel that try as you may to be in¬ 
conspicuous, it seems you are always 
in the wrong place at the wrong time. 
And you realize first-hand why visitors 
are severely limited in number, and 
usually confined to a “visitors area.” 
(Fig. 7.1.) 

“We are getting ready for the camera 
and sound run-throughs,” your giude 
explains. “The dr// run and preliminary 
camera blocking* were run through this 
morning. This rehearsal will have few 
interruptions, only at the very rough 
spots.” 

You notice earnest conversation tak¬ 
ing place between the camera control 
unit operators and the cameramen 
through their intercoms. Some of the 
pictures, mostly of the confused activ¬ 
ity in the studio, are not very good. 
Your guide observes where your inter¬ 
est has been concentrated, and he leads 
you over directly behind the video posi¬ 
tion. 
“The camera chains are undergoing 

their final alignment procedures,” he 
explains. “These operators always ap¬ 
pear at least one hour before the cam¬ 
era run-through rehearsals begin. The 
TD is acquainted with the lighting and 
scenic content required, since he sat-in 
on the dry run this morning. We gen¬ 
erally allow 30 to 45 minutes for cam¬ 
era chain alignment.” 
You note that the picture on the 

camera control unit with a large nu¬ 
meral “2” is particularly bad. In addi¬ 
tion, it is tilting to one side as the 
operator moves his ORTH FOCUS con¬ 
trol. The TD who is watching the pro¬ 
cedure presses a button marked “CAM 
2” and says “Start your alignment over 

*Dry run and camera blocking is pre¬ 
liminary to the “run-through” rehearsal. 
Scenic contact and lighting are deter¬ 
mined, as well as camera angles, stage 
“business,” etc. 
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6. Master Control Desk 

7. Visual Test Monitor 

8. 35MM Projectors 

9. I6MM Projector 

10. Slide Projector 

TELEVISION STUDIO 
Single Studio and Master Control 

General Electric 

14. Microphone Boom 

15. Grid 

16. Movable and Flesible Bridges 

17. Audience 

18. Visitors 

Figure 7.1. Appearance of studio, studio control, master control and film room without the con¬ 
fusion of personnel, audience or visitors. Courtesy G. E. 

from scratch. Cap the lens and use the 
ALIGN REVERSE switch.” 

“Let’s go out and watch,” your guide 
says obligingly. You follow him through 
the door from the control room, squeez¬ 
ing past incoming traffic. Again you 
feel anything but inconspicuous. 

Camera No. 2 operator has his right 
side door down, and is throwing a 
switch marked ALIGN REVERSE 
(Eig. 7.2). “Sometimes it is necessary 
to reverse the alignment current to ob¬ 
tain proper beam alignment,” your 
guide says. “While he has the door 
open, you may also observe the blower 
switch which turns the blower motor 
on or off, and the cable voltage switch 
which allows for differing voltage drops 
depending upon cable length. Also note 
the method of engagement of the focus¬ 
ing knob with the gear that slides the 
orthicon and yoke assembly on tracks 
behind the lens.” 

The camera operator now has his lens 
capped, and is juggling the controls 
on the back as well as his viewfinder 

controls. He uncaps the lens and points 
it to a 18" X 24" test-pattern card. He 

Figure 7.2. 
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turns the H LINEARITY control on 
the back of the camera entirely through 
its normal range and seems dissatisfied. 
As he opens the left hand door, you 
move around to take a peek. He is ad¬ 
justing the “H LIN” control on that 
side of the camera (Fig. 7.3). 

“If the control on the back of the 
camera is insufficient to correct hori¬ 
zontal linearity,” your guide informs 
you, “this control on the left side of 
the pickup head is readjusted for opti¬ 
mum over-all results. The rear control 
then normally takes care of any correc¬ 
tion needed, since the damper stage is 
notably more changeable in this respect 
than the driver.” 

You follow with your eye the camera 
cable as it leaves the camera. Those 
cables associated with movable dolly 
cameras are wound up on reels along 
one side of the studio, with the other 
end plugged into a receptacle in the 
baseboard. In some cases the cables run 
up to the overhead gridworks as in Fig. 
7.1. In spite of the myriad of activity no 
one seems concerned with cables spread 

all over the floor, and you make a 
mental note not to become entangled in 
one. Cables run to the movable dollies 
upon which lighting fixtures are 
mounted, as well as to the cameras. 

Stage hands are moving these floor 
lights into position, and making final 
arrangements of backdrops and props. 
Other cameramen seem to have com¬ 
pleted their preliminary alignment and 
have their lens capped, awaiting start 
of the rehearsal. Several mike booms 
are to be used, and you note one corner 
of the setting to be a “night club” scene 
complete with orchestra. Portable hard 
“flats” are positioned behind the orches¬ 
tra to provide proper acoustics for the 
musical selections (Fig. 7.4). 

“This production includes everything 
from a modern night-club scene to the 
horse and buggy days.” your guide is 
saying. “Look over here in this corner 
of the studio.” You look, and there is an 
old buggy “with fringe” yet, and you 
immediately wonder about the horse! 
Your guide expected you to. “Actually 
no horse will be used,” he smiles at you. 

Figure 7.3. 
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Figure 7.4. Setup of orchestra and tables in night-club scene. Note portable hard "fíats" placed 
behind orchestra for proper acoustical treatment in musical transm ssion. Courtesy WLW T. 

“The camera will get a loose two-shot 
of the man and his girl friend in the 
seat of the surry, and the screen you 
see behind this prop will have moving 
scenery by back-projection. In this par¬ 
ticular show, the sound of the wheels 
and the horses hoofs must be set to 
music, so we must provide a ‘live’ 
sound edfect under control of a sound¬ 
effects technician. We go baek to the 
old ‘pictureless’ method of regular 
sound broadcasting for this effect, 
which you see over here” (Fig. 7.5). 
“Of course this does not appear in the 
picture, but the sound is picked up on 
this mike and mixed in with the orches¬ 
tral accompaniment at the sound con¬ 
trol board in the control room.” 

Very close to this ingenious contrap¬ 
tion which injects proper sound atmos¬ 
phere to the show you note a rather 
complex appearing console with four 
turntables and pickup arms (Fig. 7.6). 
“Many sound effects are obtained from 
records,” the guide says. “This Special 
sound-effects console has provisions for 
four records which may be ‘mixed’ 

simultaneously if desired, and spotted 
so accurately on any individual record 
that an exact groove may be found 
without much delay. The sourd may be 
fed to the loudspeaker and picked up 
on the mike, in which case the studio 

Figure 7.5. 
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talent is able to hear the sound effect. 
If it is not necessary for them to hear, 
or if it is undesirable for the effect to 
be heard in the studio, the audio sig¬ 
nal may simply be fed to the sound con¬ 
trol board in the control room and 
mixed-in there. The turntables may be 
revolved at any desired speed to obtain 
just about any kind of effect desired. 
We use records for almost all sound 
effects, except those which must be 
operated in some exact cadance such as 
our horse routine.” 

You notice the key lights begin to 
come up in the studio, and the floor 
manager is clearing the area of stage 
hands and other unnecessary person¬ 
nel. “Get ready! Take opening posi¬ 
tions” comes crisply over the loud¬ 
speaker. Your guide pulls your sleeve 
(and you suddenly remember to close 
your mouth and stop gaping), and you 
follow him back to the control room. 
“The directions you just heard came 

over the loudspeaker from the director 

here in the control room. From now on, 
any directions he gives will be just as 
if the show were actually being broad¬ 
cast. He will give directions to the floor 
manager over his headphones, and the 
floor manager will relay any necessary-
information to the talent by hand sig¬ 
nals.” 

The TD opens his mike to all camera¬ 
men and gives the order to “open 
cameras." The cameramen uncap the 
lenses and touch up the focus for the 
opening shots. You glance at the moni¬ 
tors and note that all cameras are giv¬ 
ing good results, including No. 2. You 
marvel at the results these men are able 
to achieve amid such bustle and con¬ 
fusion, and begin to realize that each 
man performs his particular duty much 
as a specific gear operates in a complex 
mechanism. Your respect goes up sev¬ 
eral notches for the TD and program 
director who must think of the overall 
production and integrate each order into 

Figure 7.6. Courtesy Gray Research & Development Co. 
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a sequence which most efficiently moves 
the production along the desired path. 

The director glances at each camera 
monitor in turn, then gives the order 
“Ready music!” The floor manager 
holds up a Anger toward the orches¬ 
tra, signifying stand by. “Hit music, 
fade in camera 3.” The floor manager’s 
hand goes down rapidly, the orchestra 
hits the opening fanfare, the TD oper¬ 
ates his fader to bring in the signal 
from camera 3 which is trained upon a 
title-card rack. The assistant director 
in the control room started his stop¬ 
watch running at the first cue “Hit 
music.” 

The director is now calling off num¬ 
bers; “two . . . three . . . four . . .” and 
you observe that the title cards are 
being dropped into place before the 
No. 3 camera, giving opening informa¬ 
tion as to title of show, director, etc. 
The director glances to the preview 
monitors (picture tubes on the various 
camera control units) and orders “more 
headroom on 1.” You look at the camera 
control units with the large numeral 
“1” on it and note that a sign above 
the master-of-ceremonies’ head comes 
into view as the cameraman pans up. 
“Ready 1 . . . take 1!” The TD punches 
a button on the switcher unit and cam¬ 
era 1 is on the air. The rehearsal is well 
on its way. 

Your guide nudges you and whispers, 
“we’ll watch the on-air tonight, let’s 
look around,” and he moves toward the 
master control room adjacent to the 
studio control room. You notice at once 
that the sound from the speaker is dif¬ 
ferent from what you have left, but that 
one of the picture monitors is showing 
the on-lines signal from the rehearsal. 
The ON-AIR monitor is showing the 
picture which fits the sound you are 
hearing, and you realize that master 
control is concentrating upon the on-air 
program. 
“We are taking a network program 

at the present time,” your guide tells 
you. “The pre-view monitor shows the 
rehearsal picture so that continuity to 
MC (master control) is checked. The 

operator may also listen to the sound 
when desired.” He moves over to one 
side of the room where several film 
cameras are located. You note that a 
wall is in front of these cameras, with 
small holes through which you notice 
the film projector lens (Fig. 7.1). 

“Our setup here, in common with a 
number of stations, uses a combined 
film room and MC. Since we have 35mm 
projectors as well as 16mm, it is neces¬ 
sary to have a completely fire-proof 
room for the projectors as required by 
state laws. If we used 16mm exclusively, 
the projectors would not need to be iso¬ 
lated from the rest of the room, al¬ 
though this is advantageous for a num¬ 
ber of reasons. Come into the projection 
room and we’ll see why.” 

The minute you enter the door of the 
projection room, one very good reason 
registers at once. All cues of the direc¬ 
tor and the TD on the rehearsal are 
coming over a loudspeaker, and the 
monitor in the booth shows the on-line 
picture of this rehearsal. The sound 
of the rehearsal show is also coming 
over the speaker system. “The show 
which is being run-through now in¬ 
volves film inserts at several intervals 
during the program. Although the pro¬ 
jectors are operated remotely from the 
TD position, an operator must be here 
in case of any emergency. Should some 
technical emergency occur in the studio 
or control room requiring unusual at¬ 
tention of the TD at that point, the 
operator here must take over and listen 
for the cues. He therefore always fol¬ 
lows the script of the production so 
that he is alerted for any possibility. 
Separation between this room and MC 
allows the MC operator to be more 
aware of the on-air signal when it dif¬ 
fers from local originations. It is also 
possible with this type of set-up to do 
all the film editing and cutting in this 
room rather than cluttering up MC.” 
You notice an operator working on 

one of the projectors, using a white 
rag and cleaning fluid on the film gate. 
He explains that keeping the film gate 
clean is one of the major jobs in the 
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projection room. “Pile-up of emulsion 
is the cause of horns forming on the 
gate,” he says, “and we clean ours daily 
to prevent this formation.” 
“Ready film!” You hear this at a 

louder level than the program audio, 
and you are momentarily startled since 
the operator following the script is 
not near the machine. Then you hear 
“Roll film!” and a relay snaps, starting 
the projector rolling. You remember 
then that the TD is controlling this pro¬ 
jector from his switcher unit. You also 
know that these projectors are of the 
pulsed-light type, since otherwise the 
“Roll film” cue would have been given 
3 seconds before, to start the projector 
running into sync-speed. As you watch 
the monitor, you soon notice the short 
bursts of light in the upper right-hand 
corner. The director says “Ready cam¬ 
era 2,” as the second set of cue-marks 
appear, you hear “Take 2.” You note 
that camera 2 signals are now switched 
to the on-line monitor, and that a pre¬ 
view is still showing the runout pro¬ 
jector. Suddenly several numbers and 
X’s appear, then another picture starts, 
at which time the relay clicks again and 
the projector is stopped. You hear the 
TD come in over the sound on the loud¬ 
speaker, “Joe, reverse film to first 
frame. Sorry,” and you see the im¬ 
portance of the projector operator even 
though remote control of projection is 
used. The TD overran the following cue 
for the subsequent film insert. You ask 
your guide if it is ever possible for the 
TD to reverse the film from his posi¬ 
tion. 
“I understand that a projector is 

under development which permits re¬ 
versal, or re-winding of film directly on 
the projector,” he tells you. “But as of 
this date, film is re-wound outside the 
projector. It may be backed up by hand 
as the operator is now doing by releas¬ 
ing the pull-down mechanism and then 
restoring the proper amount of upper 
and lower loops.” Watching the oper¬ 
ator you see that he has punched a 
“local” control button which gives him 
complete control over the projector, so 

that it cannot be started by mistake 
from the remote position. He backs the 
film the few frames necessary, restores 
the upper and lower loops, re-engages 
the pull-down mechanism, and again 
presses the “remote” button. “A light 
appears on the control panel at the TD 
position,” the guide explains, “which 
shows him that control has been re¬ 
stored to his panel.” 
“Sometimes,” he continues, “the TD 

simply starts the projector from his 
position leaving it up to the film oper¬ 
ator to stop and re-cue the projector 
for any following film insert. This is 
done especially where a great deal of 
switching and mixing is to be done. It 
will probably be decided in this instance 
that this is the best way.” 
Leaving the film room and re-enter¬ 

ing MC, your guide leads you to a far 
corner of the room where another oper¬ 
ator is talking into a phone marked 
PL (abbreviation for private line). He 
is manipulating the controls on a moni¬ 
tor in which the picture suffers vertical 
roll-over and intermittent break-up in 
the horizontal direction. Your guide ex¬ 
plains that a remote relay pickup is 
“checking in” from a program origin 
to take place that night following the 
studio in-rehearsal. 
“The operator here is checking the 

signal from our microwave transmitter. 
The receiving dish is mounted about 
half-way up our transmitter tower. This 
is a regularly scheduled remote and 
unless some condition has changed the 
signal should be very good.” 

In watching the monitor you tell 
yourself that some condition must have 
changed, since the picture is not steady 
enough to distinguish anything but a 
vague impression of the pickup. The 
operator speaks again into the phone. 

“Rotate your skyhook through the 20 
degree arc again,” he says, and you 
note he is glancing at a meter on the 
output of a panel marked “Microwave 
Receiver.” The needle climbs slightly 
higher, then slowly lowers to a very low 
value (you note that nothing but “noise” 
appears on the monitor), then starts its 
climb back. As it reaches the peak, then 
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starts to decline, the operator says 
quickly, “Hold it! Back . . . back . . . 
Hold it!” Then grunts disconcertingly. 
“Not enough sync level, and signal is 
noisy. Last night’s wind storm must 
have slightly changed our dish here. I 
suspect it’s too late to get a man up the 
tower. I’ll see if I can stretch it here 
enough to hold.” 

He reaches over to a control panel 
upon which the words STABILIZING 
AMP are engraved along the bottom. 
An input switch is already thrown to 
the “Microwave Receiver” position, and 
you note that the monitor has been con¬ 
nected to the output terminals of this 
amplifier which are marked “monitor.” 
The operator throws the switch which 
has been set on a position marked “Nor¬ 
mal,” to another position designated 
“Noise.” You notice that the picture no 
longer breaks up horizontally, but that 
vertical roll-over still occurs at inter¬ 
vals. The operator is now slowly ad¬ 
justing a control designated “Sync Sep¬ 
arator,” and closely observing the wave¬ 
form scope at the bottom of the picture 
tube. He switches from “Line” to 
“Field” position on a switch for this 
scope and still slowly rotates the “Sync 
Separator” knob. You notice that the 
grass is now without spikes, and that 
the sync pulses gradually reach the 
bottom line across the calibrated face 
of the waveform tube. A glance at the 
picture tube now reveals a steady pic¬ 
ture of an empty baseball diamond, with 
a large “Chesterfield” signboard visible 
along the far side of the diamond. You 
try to visualize what that field will look 
like under artificial illumination that 
night, and wunder at the technical ad¬ 
justments that will have to be gone 
over just prior to broadcast. 

“OK Bill. I can use as is for tonight. 
We’ll get the crew on it tomorrow and 
double-check alignment on the tower. 
The signal is definitely weaker than 
normal through both the main and aux¬ 
iliary receivers. See you.” 
As you turn around you notice that 

the guide has left you and is conversing 
with the MC operator. They are observ¬ 
ing the monitor showing the on-re-
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hearsal line, and as you get into posi¬ 
tion you note that a “superimposure” is 
being made of the orchestra conductor 
as he faces the orchestra, over a nor¬ 
mal medium-shot of the musicians 
themselves. The conductor’s face on this 
super is as large as the entire orchestra, 
and the picture is very striking and 
interesting. Some concern is being evi¬ 
denced, however, by the MC operator 
and your guide. Watching the picture 
as the super is dissolved back to nor¬ 
mal over-all view, you notice a distinct 
transitional effect in the picture which 
seems to spoil momentarily your enjoy¬ 
ment of the scene, although you can’t 
put your finger on what it was. 
The MC operator is shaking his head. 

“That super will have to be re-arranged, 
probably re-lighted,” he remarks. “The 
whites are clipped excessively, and the 
blacks are getting into sync range. No 
setup. Probably the TD noticed it too.” 
But you observe the MC operator makes 
a notation on a slip of paper to double¬ 
check this occurrence when the re¬ 
hearsal is over. 

Your guide notes the somewhat puz¬ 
zled look on your face and, being a 
conscientious fellow, trys to explain 
what happened. “Some very peculiar 
effects take place at times when at¬ 
tempting supers with the mixer¬ 
switcher unit. The TD, or mixer oper¬ 
ator, must adjust the individual gain 
controls of the two signals so that the 
super is made distinctively on the 
screen. If the signals add together in 
the wrong places, or subtract in the 
wrong places, the background level in 
the monitor and home receivers drasti¬ 
cally change. This is the primary reason 
for the development of special Montage 
amplifiers, or special effects equipment, 
in which the signals may be individually 
clipped and controlled before combining 
in the output circuit. We are installing 
one here as quickly as delivery can be 
made. Such facilities also greatly ex¬ 
pand the scope of possible special effects 
without excessive rehearsal time.” 
You follow your guide back into the 

studio control room preparatory to visit¬ 
ing the lab which is adjacent to the 



Technical Production of Studio Shows 

other side of the control room. As he 
pauses momentarily you notice that the 
surry-with-the-fringe-on-top scene is 
underway. It is apparent that many of 
the front lights have been turned off, 
and that a diffused light is played upon 
the man and woman on the seat. The 
screen behind them is alive with a quite 
believable country-side scene, moving 
to the right as you watch the activity. 
Looking on the master monitor you see 
the surry with the actors apparently 
moving forward at an easy pace. The 
two are singing a duet with orchestral 
background, and the horses hoof-beats 
are in exact cadence with the melody. 
Unless you were watching with your 
own eyes the sound-effects technician 
operating the rubber plungers (Fig. 
7.5) you could swear that the sounds 
were real horses-hoofs on a country 
road. 
“As you may see,” your guide ex¬ 

plains, “four mikes are used for the 
entire production (Fig. 7.7). Boom 
mike No. 1 picks up the orchestra, or 
follows singers around the tables, or 

picks up conversation from the tables. 
Floor mike No. 2 takes the master-of-
ceremonies, fixed singer location, or 
picks up the orchestra when boom mike 
one is following a singer around. Boom 
mike No. 2 is now picking up the duet, 
and floor mike No. 4 is the sound-effects 
mike. Camera No. 1 is used principally 
for the orchestra and activity in that 
area, with camera No. 2 also used so 
that choice of signal is broadened. Cam¬ 
era No. 3 is used on the title cards and 
sponsors printed messages. We often 
use slides for this work since this prac¬ 
tice frees one camera channel. However, 
on this particular production, three 
cameras are needed anyway for good 
production technique. Although num¬ 
ber three is farthest away, an 8%" 
lens permits close-ups of one person 
when desired. The announce booth you 
see to your right contains an announce 
mike and a line-monitor for the an¬ 
nouncer’s use. He makes many of the 
announcements over the printed card 
pickup, and may watch the monitor to 
pick-up his cues depending upon the 
card or message displayed.” 

Figure 7.7. 
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“The super which you saw in MC of 
the conductor’s face over a front view 
of the orchestra was done by dollying 
No. 2 to the rear- of the orchestra and 
training it with the 135mm lens on his 
face. Camera 1 was picking up the 
front view of orchestra only. Naturally 
the lighting must be watched very 
closely, the conductor must be placed 
just right to be out of view of camera 
1, and the camera 2 must not be in view 
of camera one lens. The respective 
lighting must still be worked out be¬ 
fore tonight’s broadcast. Now watch 
this transition.” 

As the duet comes to a close, and the 
horses hoofs continue in beat with the 
closing strains of the music, the pro¬ 
gram director instructs “Ready to go to 
black.” Then, “Go to black . . . fade 
sound! Ready to take one!” Watching 
the line-monitor you see the screen 
fade to black as the TD operates his 
fader control, and the musical strains 
and sound of horses-hoofs grow fainter 
in exact ratio to fade-out of picture. 
(You note the audio engineer at the 
control board is watching the monitor, 
and using the master gain control to 
fade all mikes so that no sound comes 
through when screen reaches black.) 
“Take one!” instructs the program di¬ 
rector. The TD punches a button 
marked “CAM-1,” and you note the 
fader for that bank of switches is 
already “ON.” The audio operator 
quickly opens the master gain and 
sound is again alive. The floor manager 
in the studio had previously cued the 
orchestra to stop entirely while the 
screen was black. Front lights were 
also turned back on during this interval, 
and you realize they were off during the 
preceding scene to prevent washing-out 
the back-projected picture on the trans¬ 
lucent screen. 

You follow the guide through another 
heavy door marked “Laboratory” into 
a sound lock which leads to another 
heavy door with central panel mounted 
in rubber. “A lot of noise sometimes 
occurs in here,” the guide explains, 
“and the lab is thus completely isolated 

by sound locks on the doors and sus¬ 
pension on springs for the entire lab. 
Regular studios are often treated the 
same way, especially if in very noisy 
locations, or in the same buildings with 
heavy moving equipment such as gener¬ 
ators, presses, etc. All of oui- mainte¬ 
nance on both video and sound equip¬ 
ment is done in here, as well as experi¬ 
mental work on lighting, sound effects, 
and so forth. These fellows (Fig 7.8) 
are developing a trick lighting effect 
which requires a special type of sync¬ 
ing with the camera tube driving 
pulses. Stations are just beginning to 
get wise to the great variety of effects, 
both desirable and undesirable, that are 
directly under the influence of lights 
and lighting technique. To minimize the 
undesirable effects produced with the 
newer image orthicon tubes having high 
spectral response in the ultra-violet 
region, some type of “minus blue” filter, 
such as the K2, is usually used with the 
lens systems. This is especially so when 
fluorescent lighting supplies a great 
portion of the key lighting. Many times, 
however, very striking and desirable 
pictures may be obtained in mono¬ 
chrome systems by bathing color sam¬ 
ples such as red, yellow or green in 
direct ultra-violet light. No filter is 
used on the lens, and with this method 
the aforesaid colors reproduce as black, 
rather than the usual lighter tones of 
gray under ordinary lighting.” 

Figure 7.8. Courtesy CBS. 
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Another unusual use of light is the 
deliberate bathing of a scene in infra¬ 
red, and equipping the camera with the 
5655 or similar type of image orthi¬ 
con. This tube has a high spectral sensi¬ 
tivity in this region, and the stage may 
be very dark to the human eye, yet re¬ 
produce as clear as daylight by use of 
infra-red. This procedure is practiced 
more in the field than in the studio. 
Pickup of an opera, for example, where 
the mood lighting must be very dim at 
times, is too dark for adequate picture 
transmission. Just enough infra-red 
may then be used to bring the repro¬ 
duced picture to the required brightness 
level. The audience at the opera itself 
notices no difference in the scene.” 
As you tour through the maintenance 

lab, you are impressed with the number 
of oscilloscopes ranging from small 
ones to an extremely complex rack¬ 
mounted installation. Signal generators, 
marker generators, meters of all de¬ 
scriptions and a variety of tools, parts, 
tubes and motor-driven machinery com¬ 
bine to hint at the ultimate require¬ 
ments of this department ir. a TV sta¬ 
tion.* 

With an exchange of thank yous, and 
in possession of tickets which will place 
you in the audience for the broadcast 
tonight, you take your leave to run 
down a hamburger and coffee. Of one 
thing you are sure; your presence in 
the audience tonight will contribute to 
your education not a whit in compari¬ 
son to your afternoon visit behind the 
scenes. Your impressions of lights, mi¬ 
crophones, cameras and the chain of 
control units will haunt your memories 
from now until the time you become an 
integral part of the teamwork. 

Of the utmost importance to any tele¬ 
vision station is a provision of flexibility 
in equipment interconnection so that 
the inevitable emergencies which occur 
may be rapidly dissolved. It is up to the 
station to provide this means in its 
initial installation; it is then up to the 

*Maintenance outlines are included in 
Chapter 8. 

technical staff to get itself mentally 
prepared to take advantage of emer¬ 
gency procedures which may be neces¬ 
sary at any time. Meeting emergencies 
is a separate category from the mainte¬ 
nance department. The maintenance 
personnel tests and adjusts equipment 
during intervals it is not required. Any 
operator of any particular piece of 
equipment may be faced with a sud¬ 
denly defective component. In tele¬ 
vision as in regular aural broadcast¬ 
ing, no time is allowed to trace down 
the origin of trouble, which may be 
anything from a simple tube failure to 
a transformer outage. What must be 
done with the minimum elapsed time is 
to re-route the signal through a spare 
channel. 

Suppose, for example, that the pic¬ 
ture suddenly disappears from a camera 
control unit picture tube. First analyze 
the number of possibilities that exist. 
If that particular camera is on the air 
at the time (selected at the mixer¬ 
switcher unit), the picture could still be 
transmitted. This is to say that if the 
picture still holds at the output monitor 
of the switcher unit, the camera control 
unit kinescope amplifiers or sweep cir¬ 
cuits have failed. In this case the video 
operator may be called upon to monitor 
by this output monitor, use a preview 
monitor on the switcher unit when not 
on the air, or he may be required to 
connect another control unit into the 
circuit. Obviously the latter procedure 
would not ordinarily be necessary here, 
since substitution of another control 
unit would call for some time interval in 
which camera adjustments such as 
MULTI FOCUS, BEAM CURRENT, 
IMAGE and ORTH FOCUS, etc., would 
have to be made. Since only the picture 
monitor has failed, a standby monitor 
could mure conveniently be bridged 
across the monitor terminals if neces¬ 
sary. 

To provide methods of meeting studio 
control room emergencies, a coaxial 
patch-panel is often included in the con¬ 
trol room layout. This provides termina¬ 
tions of camera outputs, power inputs, 
etc., so that any interconnection may be 
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made by patching. Assume for the mo¬ 
ment that the above occurrence had 
caused the picture to be dropped from 
the line output. The director would im¬ 
mediately order a cut to another camera 
if two or more were being used. Natu¬ 
rally the production will suffer momen¬ 
tarily from this emergency condition. 
There are several possible procedures 
at this point which will depend upon the 
particular layout. If a quick check with 
the cameraman reveals that he is still 
seeing the picture in his viewfinder, in¬ 
dicating that the trouble is in the con¬ 
trol unit, the coaxial patch cord may be 
placed from CAMERA No. 1 (or 2, 3, 
etc.) to a spare camera control unit IN. 
THIS WOULD ONLY BE EFFECTIVE 
IF THE SPARE CAMERA CONTROL 
UNIT HAD BEEN PREVIOUSLY AD¬ 
JUSTED FOR THAT CAMERA DUR¬ 
ING ALIGNMENT PROCEDURES. 
Thus the reader may realize the 
thought that should be given any pos¬ 
sible emergency prior to actual broad¬ 
cast. 

The more usual procedure is to sub¬ 
stitute an entirely new camera chain. 
This requires that a standby camera and 
control unit be initially adjusted and 
aligned during the warmup period. 
Since each camera chain is supplied by 
a separate power supply, this procedure 
automatically provides an emergency 
camera, control unit and power supply 
which may be placed in service with the 
minimum of elapsed time. This is the 
routine used at network originations 
and is good operating practice for any 
station. 

Installations using the coaxial patch¬ 
panel use multiple-pair coax cords 
which provide all signal and power sup¬ 
ply circuits. These include video signal, 
intercom signals, driving and blanking 
pulses, and power supply voltages for 
control unit and camera. 

When trouble occurs in the mixer¬ 
switcher amplifiers, it is possible in 
some installations to substitute spare 
intermediate video amplifiers by the 
patch-panel method. Where this is not 
possible, unless a spare and pre-adjusted 
mixer unit is available, the production 

must do its best with only one camera. 
This is done by inserting sync at the 
camera control unit as described in 
Chapter 3, and feeding the composite 
signal directly to the stabilizing or line 
output amplifier, by-passing the switcher 
unit. 

Patch panels are also provided for the 
audio channels. IN and OUT termina¬ 
tions appear for mike lines, pre-amps, 
attenuators, low-level amplifiers, studio 
and line amplifiers.* 
The unusual concentration required 

on behalf of the reader to meet the chal¬ 
lenge of the technical requirements of 
television systems is apt to cause him 
to neglect the very necessary program 
values with which the equipment is con¬ 
cerned. A competent engineer in the 
business of TV broadcasting will be as 
familiar with these values as he is with 
the technical know-how. 

For the purpose of gaining as much 
“production consciousness” as possible 
to obtain on the theoretical level, the 
following references are recommended 
to the reader. These books are readily 
obtainable at most local libraries stock¬ 
ing technical and television program 
publications. 
Edward Stasheff and Rudy Bretz; 

77ie Television Program, A. A. Wynn, 
Inc., New York, 1951. 
Thomas H. Hutchinson; Here Is Tele¬ 

vision, Hastings House, N. Y., 1950. 
Richard W. Hubbell; Television Pro¬ 

gramming & Production, Second Edi¬ 
tion, Murray Hill Books, Inc., New 
York, 1951. 
John F. Royal; Television Production 

Problems, McGraw-Hill, 1948. 
Louis A. Sposa; Television Primer of 

Production and Direction, McGraw-Hill, 
1947. 
Hoyland Bettinger; Television Tech¬ 

niques, Harper & Bros., New York, 
1947. 

*H. Ennes; Broadcast Operators 
Handbook, Second Edition, John F. 
Rider Publishing Co., Inc., New York. 
Pages 114-118. 
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CHAP TER 

Testing and Maintenance 
at the Studio 

The quantity of equipment and the 
inherent complexity of circuits in the 
television broadcast system make man¬ 
datory a well organized and intensified 
maintenance schedule. Whereas in the 
smaller aural broadcast installations 
the maintenance department has been 
virtually non-existent in some cases, 
even the smallest TV station requires 
a definite maintenance routine. The ex¬ 
tent of this department, and the scope 
of equipment necessary, increases as 
the size and complexity of the specific 
installation. 

Testing and maintenance at the stu¬ 
dio does not ordinarily include emer¬ 
gency work which must be performed 
while the equipment is operating, al¬ 
though maintenance personnel may be 
required to meet such a contingency. A 
well planned installation will include 
means of meeting emergencies by re¬ 
routing the signal as outlined in the 
previous chapter. The faulty unit may 
then be assigned to the maintenance de¬ 
partment for checking and repair. 
Type of maintenance may therefore 

be classed in just two phases: priority 
work which must be performed on 
faulty equipment to place it in service 
as soon as possible, and work which is 
classified as preventive maintenance. 

8.1 Maintenance Organization 

A dis-organized maintenance depart¬ 
ment is almost as bad as none. For ef¬ 
ficient performance and the utmost ef¬ 
fectiveness, an explicit and detailed or¬ 
ganization of work performed and 

scheduling of preventive measures to 
be undertaken must be in effect. The 
foundation upon which such an organi¬ 
zation may be based is the development 
of detailed and exhaustive records to be 
kept by personnel. If these records are 
thoroughly planned and drawn up for 
the specific installation involved, the 
maintenance department will function 
automatically in the most efficient man¬ 
ner. 

One very small part of the overall 
problem which points up the necessity 
for keeping records of system perform¬ 
ance is the fact that approximately 300 
vacuum tubes are employed at one time 
in the very simplest TV installation. 
Obviously this number runs well into 
the thousands in the larger stations. 
Many of these tubes, particularly in the 
camera chains, picture and waveform 
monitors, relay equipment and film 
chains employ miniature-type tubes 
which are not known for long useful 
lives. Maintenance routines for vacuum 
tubes alone requires thorough system 
records for reference and testing sched¬ 
ules. All tube type numbers should be 
listed in sequence, along with the total 
number of each type in service, the 
equipment type in which each is used, 
the number employed in that specific 
equipment, and the dates on which the 
tubes are checked showing condition 
and any necessary replacements. Sug¬ 
gested schedules of maintenance are 
given later. 

Examples of the thoroughness with 
which records should be kept are given 
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PRIORITY MAINTENANCE 

(FILL OUT EACH DAY. IF NO PRIORITY MAINTENANCE 
OCCURED, MARK "NONE" IF WORK MUST BE CARRIED 
OVER TOA FOLLOWING DAY, MARK "CONTINUED-(DATE)") 

EQUIPMENT 
TYPE & NUMBER 

TIME 
RECEIVED 

TIME OF 
FAILURE 

NATURE 
OF 

FAILURE 
ANALYSIS TIME REPAIRED & OK 

PARTS USED 
(INCLUDING 
TUBES) 

REPAIRED 
BY (INITIAL) 

(FILE IF 'J DUPLICA TE-ONE CO PY TO CHIE F ENGINEE R-ONE COPY L AB FILES) 

Figure 8.1 A. 

in Figures 8.1 A and 8.1 B. The PRIOR¬ 
ITY MAINTENANCE sheet should be 
filed daily in medium and large setups. 
This provides a record of the time of 
failure of any particular equipment, 
the time received by the maintenance 
department, and the nature of failure, 
an analysis of the trouble, and the time 
it is restored to service. Any necessary 
replacement parts or tubes are recorded 
to this sheet, providing a daily check 
on inventory of stock. The MONTHLY 
MAINTENANCE RECORD (this 
could conceivably be a yearly record 
in the smallest stations) provides an 
accurate check on the effectiveness of 
the preventive maintenance schedule, 
the comparative service of equipment, 
and relative rates of failure in service. 

This report is of utmost interest to the 
executive department, whereas the 
PRIORITY MAINTENANCE reports 
reveal to the technicians types of fail¬ 
ures to be expected, so that preventive 
maintenance time may be effectively 
altered. Thus more time may be given 
to those functions requiring more main¬ 
tenance over a period of time, increas¬ 
ing the efficiency of maintenance sched¬ 
ules. Also such case histories of trouble 
often aid a new technician in more 
rapidly diagnosing the trouble. 

The records kept of actual preventive 
maintenance should be in the form of 
a schedule, with every point pertinent 
to the particular instaflation listed un¬ 
der its daily, weekly, monthly, semi¬ 
annual and annual reports. Obviously 

MONTHLY MAINTENANCE RECORD 

(FILE IN DUPLICATE - ONE TO CHIEF ENGINEER - ONE TO LAB. FILES) 

FOR MONTH _ 

EQUIPMENT 
TYPE & 
NUMBER 

NUMBER OF 
UNITS IN 
SERVICE 

FAILURES IN 
SERVICE 
(NO OF OCCURANCES) 

UNIT HOURS 
OF 

INTERRUPTION 
(TOTAL) 

PRIORITY 
MAINTENANCE 

IN 
MAN-HOURS 

SERVICE INTERRUPTION 
PER UNIT 
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the form of such records and intervals 
between inspections will depend upon 
the specific conditions involved. After 
a year or two of keeping- records such 
as exemplified in Figs. 8.1A and 8.IB, 
the utmost in effectiveness of preven¬ 
tive maintenance schedules may be 
drawn up for that particular installa¬ 
tion. Some form of check-off system 
should be used so that the personnel 
is required to check each component 
listed on the sheet upon inspection. This 
serves not only to indicate to the Chief 
Engineer that the work has been per¬ 
formed, but serves as a guide to the 
maintenance engineer in performing 
duties he might otherwise inadvert¬ 
ently neglect. 

Maintenance at the studio includes 
everything at the studio, studio control 
rooms, master control, and film room. 
Also included is the field equipment con¬ 
sisting of field camera chains, sync gen¬ 
erators, mixer-switcher units, monitors 
and microwave relay equipment. 

8.2 Suggestions ¡or Preventive Mainte¬ 
nance Schedules 

The following examples of preventive 
maintenance schedules, while not pre¬ 
sented in the record form, might repre¬ 
sent a basis for functioning in a medi¬ 
um sized station with local studios, net¬ 
work affiliation, and microwave relay 
equipment. 

Studio Preventive Maintenance (Daily) 

1. Check all operational dial positions 
on sync generator in use. Note any 
change from previous settings. 

2. Check waveforms on suitable oscil¬ 
loscope of the standby sync generator 
(where used), noting any change re¬ 
quired in dial settings for proper opera¬ 
tion from previous settings. 

3. Record all meter readings on power 
supplies for camera chains, film chains, 
etc. Investigate any peculiarities in 
meter readings. Feel all transformers, 
chokes and capacitors mounted on front 
panel for excessive heating. Become ac¬ 
quainted with feel of components under 
normal functioning. Make report of any 

component thus checked (especially ca¬ 
pacitors) which may be suspected. Ex¬ 
amine all power supplies not in use at 
that instant by turning it off, opening 
the interlocked door (where used) and 
observing for blistered resistors, 
cracked lead-through insulators, etc. 
Double-check operation of interlock 
where used. (Interlocks consist of a 
door switch so arranged that when door 
is opened, high voltage is automatically 
removed from the circuits.) Vary the 
voltage range potentiometer under nor¬ 
mal loading conditions and sample the 
voltage on a high-resistance voltmeter 
at the output terminations. Note the 
range through which the supply regu¬ 
lates and compare to the previous nor¬ 
mal range. Investigate any serious de¬ 
parture from normal to anticipate trou¬ 
ble in the regulator section. 

4. Take aM readings where meters are 
provided. For example such meters are 
often included in the amplifier racks 
for the audio circuits, with a switch on 
each panel enabling indication of volt¬ 
age drop across cathode- resistoi- in each 
stage. Become familiar with normal 
readings and note any undue deviation 
from normal. Examine all glass-enve¬ 
lope tubes for gassy conditions. Check 
that all tubes are tightly seated in their 
respective sockets. Watch for loose grid 
caps or connectors. 

5. Give all camera lenses a thorough 
cleaning. 

Weekly (In addition to daily schedule) 

1. Camera inspection, studio and field. 
Check blower and path of air flow. This 
flow should be from underneath into the 
image orthicon compartment, through 
the sweep compartment over the hori¬ 
zontal output transformer and tubes, 
then forward, upward and out the vent 
in top of viewfinder. This path espe¬ 
cially must be observed for settling of 
dust on moving parts such as yoke 
slides (tracks on which the coil assem¬ 
bly rides for optical focusing) etc. 
Clean all parts scrupulously. (NOTE: 
methods are described later. It is oui-
purpose here to outline the schedule 

• 347 



Testing and Maintenance at the Studio 

only.) Apply power to the cameras for 
one hour (with lens capped). Turn off 
power and open all side doors. Observe 
all components such as resistors, etc., 
for miscoloring, bulging, blistering, etc. 
Get the “feel” habit for capacitors, re¬ 
sistors, etc., so that undue heating ef¬ 
fects may be noted. Check settings of 
all operating controls for normal opti¬ 
mum operation. Are any of these con¬ 
trols approaching the extreme end of 
rotation? Check voltages with 20,000 
ohm/volt meter at terminal board and 
note deviation outside normal operating 
range. Check all wiring for normal 
placement and tightness. Be assured 
that all tubes are tightly seated and 
that miniature tube shields are cor¬ 
rectly mounted on their spring bases 
and in place. Check tubes at all grid 
caps for looseness or cracked envelopes. 
Check all switches for proper operation 
and power switches by feeling for ade¬ 
quate “snap” in operation. Clean the 
entire camera and viewfinder with a 
compressed air-stream followed by 
thorough vacuuming. Check indicating 
lamps. Test target heater for proper 
operation. Record “Elapsed Hour Time” 
meter reading in camera (where used). 
If image orthicon in that particular 
camera has seen close to 300 hours of 
operation, place in proper container 
for 4 weeks storage. If new pickup 
tube is installed, check entire align¬ 
ment and operation. 

2. Check all remaining field equipment. 
Put through normal alignment proce¬ 
dures and note any operational control 
which must be placed near extreme end 
of rotation. This procedure includes 
field camera control units, mixer¬ 
switcher unit, pulse-former unit and 
pulse-shaper unit, power supplies, mi¬ 
crowave transmitter and receiver. Also 
to include all remote audio mixing am¬ 
plifiers. Thoroughly clean all equipment 
and inspect all connections for tight¬ 
ness. This is mandatory for portable-
mobile equipment due to excess amount 
of jarring in transit. Record any nec¬ 
essary maintenance work performed, 
parts or tubes replaced, etc. Use all 

spare interconnecting cables so that 
proper function is assured. Also check 
all spare microphone extension cables. 
Be assured that all equipment leaving 
the studio for field use is in top opera¬ 
tional order. 

3. Go through entire audio patch-panel 
racks and use patch-cords on each jack 
strip by inserting and removing the 
tips several times. BE SURE THOSE 
PARTICULAR JACKS ARE NOT IN 
THE SIGNAL CIRCUIT AT THE 
TIME OF PATCH-CORD OPERA¬ 
TION. This procedure keeps the jacks 
clean except in unusually dirty or dusty 
locations, and prevents the necessity of 
using such tools as jack burnishing de¬ 
vices, etc. Follow this routine by vac¬ 
uuming the jacks. Polish all patch-cord 
plugs. 

4. Check levels of incoming network 
lines, both video and audio. Note any 
necessary changes in position of opera¬ 
tional controls on stabilizing amplifier 
connected to incoming network termina¬ 
tion. Check all spare stabilizing ampli¬ 
fiers for proper operation. 

5. Check operation of sync-lock unit 
(where used). 

Montilla (In addition to daily and 
weekly schedules) 

1. Check all tubes in studio and field 
units on a dynamic mutual-conductance 
type of tube checker. (Part of this 
work must be done after sign-off, since 
equipment in use and anticipating early 
use cannot be put out of service long 
enough to complete.) Check tubes for 
microphonics as well as condition. Ob¬ 
viously in larger installations this sec¬ 
tion of the maintenance schedule must 
be done over more than one day. Actu¬ 
ally it could take place over a weeks 
time by assigning specified portions for 
each day. Thus the magnitude of work 
performed could be leveled off daily 
even though some functions occurred 
only monthly or quarterly. 

2. After sign-off, check the perform¬ 
ance of all solenoid-operated relays 
(where used). Methods of checking are 
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described later. Clean all relay contacts 
with carbon-tet and thin linen cloth cut 
into convenient sized strips. Cheek re¬ 
lay supplies for normal operation 
loaded and unloaded. Any serious de¬ 
parture from normal operation as de¬ 
termined previously should be thor¬ 
oughly investigated and preventive¬ 
maintenance performed. 

3. Clean all studio camera control 
units, mixer amplifiers, picture and 
waveform monitors and line amplifiers 
by using compressed air streams and 
vacuum. Perform this operation on all 
tube sockets as well as wiring and 
chassis and sub-chassis components. 

4. Clean all audio amplifiers in the 
same manner. Clean audio console at¬ 
tenuators and switches. Clean turn¬ 
table switches, motors and cabinets. 
Keep proper records of all oiling pro¬ 
cedure necessary for record turntable 
motors or film projector motors and 
perform any oiling necessary. 

5. Perform the same cleaning proce¬ 
dures on all film-chain equipment. This 
includes projectors, amplifiers, camera 
tubes and housings, etc. Note any 
changes in position of operational con¬ 
trols that may be approaching the ex¬ 
treme end of operational range. 

6. Operate all spare image orthicon 
tubes (except those in normal 30-day 
rest periods) for one to two hours. This 
is to prevent formation of any slight 
amount of gas which might otherwise 
accumulate within the tube. Check for 
normal operation. Run sensitivity and 
resolution checks and note any devia¬ 
tion from previous checks given. Keep 
accurate records of these checks. 

Quarterly (in addition to daily, weekly 
and monthly schedules) 

1. Inspect, clean and service (if nec¬ 
essary) all push-button switches (video 
switcher-mixed unit, audio console, 
etc.). This should include all control 
switches, such as voltmeter selector 
switches, etc. Studio and field equip¬ 
ment. 

2. Inspect and lubricate (if necessary) 
any flexible drive cable in the installa¬ 
tion, both studio and field equipment. 

3. Check all AC and DC indicating 
meters against a known and accurate 
meter. 

4. Check all connections on all terminal 
boards for tightness. Inspect terminal 
boards and connections for cleanliness, 
cracks, condition of insulation on leads, 
etc. 

5. Bring out all spare camera and in¬ 
terconnection coaxial cables and place 
them in service for test. 

6. Clean or replace any air-filters used 
in cameras, equipment racks, spot¬ 
lights, etc. 

7. Clean and inspect ali lighting equip¬ 
ment. Polish all reflectors. Inspect spot¬ 
light lenses, housings, etc. Clean and 
lubricate all rotational mechanisms for 
lighting fixtures. 

8. Inspect and lubricate all camera and 
light-fixture dollies. 

Semiannually (In addition to regular 
schedules ) 

1. Run overall resolution test from 
camera to transmitter line. Any degra¬ 
dation of resolution from previous 
checks should be thoroughly investi¬ 
gated by isolation of stages. 

2. Take complete inventory of spare 
parts, tube, pilot lights, oil and grease, 
cleaning equipment, fuses. 

3. Run overall frequency checks from 
microphone to transmitter line. Any 
loss in performance should be traced 
down by isolation of equipment. Run 
noise and distortion checks on overall 
audio equipment and compare with pre¬ 
vious records. 

By giving considerable thought to a 
maintenance schedule as outlined above, 
weekly, monthly, and quarterly proce¬ 
dures may be evenly spread out as 
daily functions so that extra person¬ 
nel is not required at certain days 
weekly or monthly. It will be obvious 
that the utmost in efficiency and effec¬ 
tiveness of maintenance schedules are 
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achieved for a specific installation only 
after a period of time in keeping ac¬ 
curate records. 

MAINTENANCE PROCEDURES 

8.3 Video Amplifiers 

Since the video amplifier is incor¬ 
porated in almost every unit in the 
chain of television broadcast systems, 
testing anti maintenance applicable to 
this function will first be outlined. Each 
unit may then be individually covered 
in all other functions. 

There are two test instruments ab¬ 
solutely essential to the TV broadcast 
maintenance department: a suitable os¬ 
cilloscope preferably with both driven 
sweep and sawtooth recurrent sweep, 
and a good VTVM. Suitable probes for 
these instruments must also be used. 
Also desirable is a reliable sweep gen¬ 
erator and marker generator. 

By the time the reader has reached 
this point in the text, it should be obvi¬ 
ous to him that a video amplifier bears 
semblance to the average audio ampli¬ 
fier only in the basic RC method of 
coupling the stages. The bandwidth of 
an audio amplifier is based upon a con¬ 
cept which cannot be assumed in the 
video amplifier. That is, the mid-fre¬ 
quency gain is given a value of unity, 
and the upper and lower limits of the 
bandwidth are taken as those points 
where the gain falls to 0.707 (or 
70.7%) of the mid-frequency gain. As 
will be demonstrated shortly, this con¬ 
cept cannot apply to the effective pass¬ 
band of a properly functioning video 
amplifier. In addition to this difference, 
video circuits employ blanking and sync 
insertion, and clamping circuits which 
affect the desired operation in certain 
stages. 

It is most desirable at this time to 
clarify these differences so that the 
reader familiar with RC coupled audio 
amplifiers may readily re-orient his 
thinking in testing and maintenance of 
video amplifiers. Fig. 8.3A illustrates 
the comparison of a good audio amplifier 
response curve with that of a good video 
amplifier. It is noted that the midfre-

Figure 8.3A. The response curve of o good Video 
Amplifier (dotted lines) compared to the response 

curve of a good audio amplifier (solid line). 

quency gain is given as unity or 1. The 
points on the audio response curve 
which correspond to a gain of 0.707 of 
the midfrequency gain are 60 cps and 
15 kc respectively. This corresponds to 
a power loss of 3db, or 50%, and is 
generally defined as the effective band¬ 
width of an audio amplifier. A power 
change of 3db is the least value at 
which the average human ear notices 
a definite change in volume. 

Note, however, thaï the desired pass¬ 
band of the video amplifier is taken 
over that portion of the curve which is 
essentially flat, denoting constant gain. 
Over this region of constant gain in an 
RC coupled circuit the angular phase 
shift should be proportional to fre¬ 
quency, resulting in an equal time de¬ 
lay for all input frequencies within this 
range. In the upper and lower end re¬ 
gions where the gain changes rapidly, 
phase shifts cannot be proportional to 
frequency and the time delay will there¬ 
fore not be constant, resulting in phase 
distortion in the video amplifier. 

Since this type of distortion is ex¬ 
tremely detrimental to picture quality, 
its effects will be analyzed before going 
further. This study of phase shift and 
effect of circuit elements on this phase 
shift will serve to clarify the overall re¬ 
quirements of video amplifiers in fre¬ 
quency, amplitude, and bandwidth char¬ 
acteristics. 
At the mid-frequency range of an 

amplifier, the shunt capacitances and 
coupling capacitances may be consid-
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Figure 8.38. (1) Equivalent circuit for RC coupled 
amplifier in mid-frequency range. 

Figure 8.3B. (3) Equivalent circuit of RC coupled 
amplifier at low frequencies. 

ered to have negligible eflfeet on the 
amplification, and may be represented 
by an equivalent circuit as in Fig. 8.3B 
(1). In this range of frequencies, the 
gain of the amplifier may be assumed 
to be the product of the transconduct¬ 
ance of the tube and the load resistor 
Rr.. This is expressed as: 

G tn - gm Rr. 
where G,„ = midfrequency gain 

g n = tube transconductance 
Rl = load (coupling) resistor 

At the higher frequencies shunt capaci¬ 
tances across the load resistor become 
effective which attenuates the ampli¬ 
fier response with increase in fre¬ 
quency. An equivalent circuit at the 
higher frequencies is illustrated in Fig. 
8.3B(2). At the lower frequencies, the 
impedances of cathode and screen by¬ 
pass capacitors and the coupling ca¬ 
pacitor serve to attenuate the lower fre¬ 
quencies, and the equivalent circuit at 
low frequencies is shown in Fig. 
8.3B(3). 

To increase the passband of the video 
amplifier so that frequency and phase 
distortion may be held to a minimum, 

Figure 8.3B. (2) Equivalent circuit for RC coupled 
amplifier at high frequencies. 

low frequency and high frequency 
boosting circuits are used. These were 
described in section 2.4, Chapter 2. In 
addition to these special circuits, a rela¬ 
tively low value of Rr is used, at the 
sacrifice of gain, to achieve a broader 
flat response than is possible with con¬ 
ventional values of load resistors. This 
is illustrated by the curves in Fig. 8.3C. 
The coupling resistors are most gener¬ 
ally 1000 to 2000 ohms in commercial 
equipment. 

Therefore for pentode TV video am¬ 
plifiers it may be realized that the in¬ 
ternal plate resistance is much greater 
than Re, and that the grid resistor for 
the following stage is a so much greater 
than Rr.. With these conditions prevail¬ 
ing, the current change through RL is 
in phase with the generator voltage 
since the tube internal resistance (pure 
resistance) is actually the principal im¬ 
pedance in the load circuit. (Observe 
Fig. 8.3B(3) during this discussion.) 
Also the internal plate current change 
is essentially equal in magnitude and 
phase to the current change through 
Rl, and the voltage drop across Rl is 
in phase with the plate current change. 
However, since the coupling capacitor 
Ce is reactive at the low frequencies, 
the current through Rg will be caused 
to lead the voltage change applied and 
therefore is displaced in phase. The 
amount of leading phase shift is de¬ 
termined by the ratio of the capacitive 
reactance of Cc to the resistance of R„ 
and may therefore be seen to increase 
with decrease of frequency (larger ca¬ 
pacitive reactance with decrease in fre-
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Figure 8.3C. Effect of piafe coupling resistor on gain and bandwidth for typical high transconductance 
pentode such as a 6AC7 or 6AU6. 

quency). Since the current change 
through R- is displaced in phase, the 
corresponding voltage drop across Rk. 
is likewise displaced in phase, and low-
frequency phase distortion is prevalent. 

In order to keep the voltage change 
across the grid resistor in phase with 
the plate current change through Ri., 
the time constant of the coupling net¬ 
work (Ce RJ must be effectively in¬ 
creased so that the reactance of the 
coupling capacitor becomes negligible 
even at the lowest frequencies in the 
pass band. The two most obvious means 
of accomplishing this are not practical 
in design. First, the coupling capacitor 
could be made extremely large in value 
to provide negligible attenuation at the 
lowest frequencies. Larger capacitors, 
however, increase the effective shunt 
capacities to ground due to the physical 
size, severely attenuating the higher 
frequencies. Also, circuit instability in 
the form of “motorboating” may occur. 
The grid resistor Rk. could be greatly 
increased so that the relative reactance 
of the coupling capacitor would be very 
small. This cannot be done beyond the 
limits determined by the maximum al¬ 
lowable grid resistance for the particu¬ 
lar tube used, given in the manufactur¬ 
ers tube data. Too much grid resistance 
allows gas current (positive ion cur¬ 
rent) to accumulate on the grid re¬ 
sulting in excessive average plate cur¬ 
rent. The practical solution, therefore, 
is to shift the phase of the voltage 
changes across Ri so that, in conjunc¬ 
tion with the coupling capacitor, the 

current changes through RB are in 
phase with the current changes through 
Ri.. 

This is the function of the low-fre¬ 
quency boosting circuit described in sec¬ 
tion 2.4. Thus it should be realized that 
the problem of obtaining a wide pass¬ 
band is the same as that of achieving 
minimum phase distortion. For conveni¬ 
ence, the equivalent circuit of a video 
amplifier at low frequencies with the 
added low frequency correction circuit 
is presented in Fig. 8.3D. The desired 
relative phase shift across Ri. results 
when the two parallel branches of the 
load circuit are similar in impedance 
characteristics insofar as equal phase 
angles are concerned. This is accom¬ 
plished when the product of the plate 
load resistor and the decoupling capaci¬ 
tor is equal to the product of the cou¬ 
pling capacitor and the grid resistor. 

Figure 8.3D. Equivalent circuit of video amplifier 
at low frequencies, with addition of low fre¬ 
quency decoupling (boost) circuit. To provide 
equal time constants of the two parallel branches 

of the load circuit; Ri.Cu — CcRg. 
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(Equal time constants.) This is stated: 
R,.C.i = C. Rg

and the current changes through the 
grid resistor will be in phase with the 
current changes through the plate load 
resistor. The decoupling resistor around 
C.1 must be used to provide a DC path 
to tne plate of the tube, and must be 
much larger than the plate load resis¬ 
tor. Since this value must be limited in 
size by the available B supply voltage 
(plate current must flow through this 
resistor as well as R, .), if R.i cannot be 

made large in ratio to -, then 
2^fXC., 

compensation is made by shunting the 
coupling capacitor with a suitable value 
of resistance. This value is such as to 
restore the similarity of the two paral¬ 
lel branches, and the maintenance en¬ 
gineer will find this method used in 
some cases. To avoid a DC path to the 
grid of the following stage, an extra 
capacitor is used as shown in the dotted 
lines of Fig. 8.31). 

Thus far we have seen how low fre¬ 
quency phase distortion is avoided by a 
properly designed decoupling circuit 
which extends response at the low fre¬ 
quency. (Review section 2.4 for effect 
on gain.) As is probably suspected by 
now, high frequency phase distortion is 
avoided by properly designed peaking 
circuits used to extend the passband 
through the highest frequencies to be 
passed (also section 2.4). At these fre¬ 
quencies (Fig. 8.3B(2) ), the total 
shunt capacities across the load result 
in a lagging phase displacement in 
comparison to the mid-frequency range. 
A properly adjusted peaking circuit 
will provide a phase shift to compen¬ 
sate that of the effective load network. 
Tube amplifying action in itself 

causes a normal 180 degree phase shift 
(exact phase inversion) in the output 
circuit compared to the input signal. 
This means that a uniform time delay 
occurs for all frequencies in the pass¬ 
band. If each single frequency is con¬ 
sidered separately, it may be seen that 
for uniform time delay, a different 
phase shift must occur at each fre¬ 

quency so that the resulting phase dis¬ 
placement is proportional to frequency. 
At the horizontal scanning frequency, 
the time of one line is 63.5 micro-sec¬ 
onds. Across a 10" monitor this corre¬ 
sponds to about 6.35 micro-seconds per 
inch. Should any part of the video sig¬ 
nal be delayed only one micro-second 
above the normal phase inversion, that 
portion of the picture would be dis¬ 
placed approximately one-sixth of an 
inch. Obviously if all frequencies in the 
passband were delayed one micro-sec¬ 
ond, the entire picture would simply be 
displaced about one-sixfh of an inch, 
but would result in a satisfactory pic¬ 
ture which could be centered by the 
centering controls. The resistance-ca¬ 
pacitance elements, however, of the 
coupling networks when uncompensated 
or when the compensating circuits are 
out of adjustment, cause a shift in 
phase which differs both in direction 
and number of degrees for different 
frequencies. Phase distortion may be 
seen to be directly related to amplitude 
distortion, since minimum phase distor¬ 
tion is obtained only by a long flat 
topped response over the desired pass¬ 
band. 

This is emphasized by considering the 
content of the video signal when the 
image to be scanned is the extreme case 
of a black bar on a white background. 
This is illustrated in Fig. 8.3E. In (A) 
is illustrated the ideal response where 
an abrupt rise in image orthicon tube 
current would occur as the scanning 
aperture encountered the leading edge 
of the black bar. At the trailing edge of 
this bar, the current should abruptly 
fall to the “white” level. Amplifier cir¬ 
cuits which must faithfully reproduce 
such current changes will have excep¬ 
tional amplitude and phase character¬ 
istics. If the amplifier has insufficient 
high frequency gain, the leading edge 
of the amplified wave becomes a grad¬ 
ual slope instead of a sharp rise as in 
(B). The reproduction is that of a 
gradual shading from gray to black on 
the leading edge of the black bar, and 
a gray to white “smear” on the trail¬ 
ing edge. In (C) is shown the effect of 
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EXCESSIVE LOW FREQUENCY 
RESPONSE 

INSUFFICIENT HIGH FREQUENCY INSUFFICIENT LOW FREQUENCY 
RESPONSE RESPONSE 

Figure 8.3E. Square wave Video signals showing the effect of amplifier deficiencies. 

over-compensation of the low frequency 
response. The effect is similar to that 
of insufficient high frequency response 
but not as pronounced. Insufficient low 
frequency response with attendant 
phase shift is shown in (D). Since loss 
of lows causes the flat top of the ideal 
square wave response to become tilted 
as shown, black shading to gray occurs 
at the leading edge, while a white to 
gray shading smear results at the trail¬ 
ing edge. 

One possible effect is illustrated in 
Fig. 8.3F. Such an effect may also be 
produced by transient oscillations set 
up in peaking circuits due to shock ex¬ 
citation of suddenly changing square 
wave currents through the coils. Damp-

Figure 8.3F. Stcfion fest pattern showing effect 
of reversed polarity smear or transient oscillation. 

Courtesy WFBM-TV. 

ing resistors are used across series 
peaking coils which are often adjust¬ 
able in commercial circuits for proper 
peaking and damping characteristics. 
Such adjustments are described later in 
this section. 

The curves of Fig. 8.3G(1) and (2) 
show the correct relationship of phase 
shift proportional to frequency (uni¬ 
form time delay at all frequencies) in 
comparison to that of an average am¬ 
plifier not compensated for flat high-
frequency response. The time delay in 
ratio to phase shift and frequency bears 
the following relationship: 

Phase Shift (6) 
in Degrees 

Time Delay =-
360° X Frequency in 

cycles-per-sec 

From observation of the desired char¬ 
acteristic curves at a frequency of 2 
megacycles, 0 = 30°. Therefore the 
time delay at 2 meg.: 

30° 
Time Delay =-= 

360 (2 X 10‘) 
30° 

-= 0.041 micro-sec. 
720 X 10e

From the same curve at 3 meg., 6 = 
45°, therefore: 

45° 
Time Delav 1-= 

360 (3 X 10e) 
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45° 
-= 0.041 micro-sec. 
1080 X 10” 

From the same curve at 4 meg., 6 = 
60°, therefore: 

60° 
Time Delay =-= 

360 (4 X 10") 
60° 

-= 0.041 micro-sec. 
1440 X 10‘ 

Thus it is observed that with phase 
shift proportional to frequency, a uni¬ 
form time delay occurs at any fre¬ 
quency through the video amplifier. 
This results in a uniformly shaded pic¬ 
ture, other factors being equal. Let’s 
see now the effect of the uncompensated 
amplifier phase-shift curve upon time 
delay at various frequencies. From the 
uncompensated curve at 2 meg., O = 
27° 

27° 
Time Delay =-= 

360 (2 X 10°) 
27° 

-= 0.037 micro-sec. 
720 X 10’ 

At 3 meg., Ö = 38° 
38° 

Time Delay =-= 
360 (3 X 10°) 

38° 
-= 0.035 micro-sec. 
1080 X 10’ 

At 4 meg., O = 48° 
48° 

Time Delay =-: 
360 (4 X 10:) 

48° 
-= 0.033 micro-sec. 
1440 X 10' 

Thus “phase distortion’’ occurs and 
the ringing effect in the picture is ap¬ 
parent. It is noted that for high fre¬ 
quency phase shift, the time delay de¬ 
creases as frequency increases. This is 
the effect of lagging phase shift across 
the coupling network due to shunt ca¬ 
pacitances. At the low frequencies, the 
leading phase shift results in time de¬ 
lays which increase as the frequency 
decreases. Most of the ringing effect 
( smearing after black bars in the pic¬ 
ture) is due to low frequency phase dis¬ 
tortion. This may also be noticed as a 

gradual shading in backgrounds from 
top to bottom of the reproduced picture 
which cannot be corrected by vertical 
shading controls. High frequency phase 
distortion results in general deteriora¬ 
tion of resolution. 
The figure of merit of any video am¬ 

plifier tube is a ratio expressing gen¬ 
eral capabilities in amplifying high fre¬ 
quencies. It is well known that gain at 
the higher frequencies is proportional 
to the transconductance (gm) of the 
tube, and inversely proportional to the 
total shunt capacitance (Ct). The 
mathematical expression : 

_. x . K” r igure of merit =-
C. 

is used where g,„ is in micromhos and 
Ct is in micro-microfarads. 

The shunt capacitances of any given 
tube increase when used as amplifiers. 
For example, the rated input capacity 
of a 6AC7 tube is 11 micro-microfarads. 
Due to the Miller effect, the effective 
input capacitance depends upon the 
stage gain in the following manner: 

Ct = Crt + C,,k + Cep (1 + gain). 
Where gain s g,„Rr. 

Thus the total shunt capacity (in addi¬ 
tion to stray capacitance) is the sum of 
the grid-cathode, plate-cathode and 
grid-plate capacities times the quantity 
1 plus stage gain. Since gain is the 
product (approximately) of the trans¬ 
conductance and the load resistance, it 
may be seen that the higher the value 
of Rt. (greater stage gain for given 
tube), the higher is the effective shunt 
capacitance. Thus pure resistive loads 
reflect back to the input as capacitance. 
\\ hen the plate load is complex, the re¬ 
sistance reflects as capacitance, while 
the reactive portion of the load reflects 
as resistance. 

The performance of a video amplifier 
must be measured in both gain and 
bandwidth. It has been shown how the 
choice of the value of Ri. makes these 
factors mutually dependent (Fig. 8.3C). 
Therefore as one factor is made to in¬ 
crease, the other factor is made to de-
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Testing and Maintenance at the Studio 

Q IDEAL PHASE CHARACTER I ST IC - PLOTTED 
IN LOGARITHMIC COORDINATES 

@ SAME CURVE AS ® ON LINEAR BASIS 
Figure 8.3G. Phase shift requirements of a Video Amplifier for perfect reproduction. 

crease, and the product will remain 
constant. This characteristic therefore 
is used to express the figure of merit 
of a video amplifier and is stated: Fig¬ 
ure of merits = (gain X handwidth). 

Thus if a given amplifier has a gain 
of 40 with a bandwidth of 2 megacycles, 
the load impedance could be halved, re¬ 
sulting in a gain of 20 and a bandwidth 

of 4 megacycles. If a given amplifier 
has a gain of 20 and a bandwidth of 8 
megacycles, the load impedance could 
be doubled, resulting in a gain of 40 
and a bandwidth of 4 megacycles. It is 
imperative for the maintenance engi¬ 
neer to understand these relationships 
so that circuit characteristics may be 
correctly interpreted. 
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LOW-FREQUENCY 

z-x EFFECT OF HIGH — 
(3; frequency losses 

Figure 8.3H. 

OF LOW— 
EQUENCY LOSSES 

The low frequency boosting circuits 
(commonly called decoupling circuits) 
extends the amplification to the lowest 
frequencies to be effectively passed, and 
compensate for the time constant of the 
coupling circuits which ordinarily at¬ 
tenuate lows and cause phase shift in 
that region. Peaking circuits boost the 
highs by compensating effective shunt 
capacitances in the circuits which ordi¬ 
narily attenuate high frequencies and 
cause phase shift in that region. The 
engineer will find means of sdjusting 
both types of compensation in most 
video amplifiers. Grid resistors of a 
stage following low frequency compen¬ 
sation circuits are often found adjust¬ 
able to allow exact setting of the time¬ 
constant with that of the compensation 
circuit. Peaking circuits are adjustable 
in several ways as described later. 

Shown in Fig. 8.3H are the funda-
mentals of square wave characteristics 
in an amplifier. As illustrated in (1), 
a square wave, regardless of repetition 
frequency, has both a high-frequency 
component and a low-frequency com¬ 
ponent. If the amplifier to which such 
a wave is applied suffers in low fre¬ 

quency response, the low-frequency 
component is distorted as in (2). The 
rise on the leading edge (overshoot) is 
related to the non-linearity of the phase¬ 
shift frequency curve. A common rat¬ 
ing given amplifiers at low frequencies 
is the amount of droop or tilt occurring 
in this region. The percentage of tilt 
is the portion A divided by the portion 
B, times 100. One common specification 
for overall tilt is a maximum of 10%. 

In (3) is the effect of applying square 
waves to an amplifier with poor high-
frequency response. In this case the 
high-frequency component is distorted 
with rounded leading and trailing 
edges, and rounded corners. 

Thus far the general discussion has 
concerned video amplifiers in which the 
primary purpose is gain of video sig¬ 
nal over a sufficiently broad bandwidth. 
These stages are characterised by rela¬ 
tively low values of load resistance in 
comparison to the following stage 
(grid) resistance, with Ri. therefore 
constituting the major portion of total 
load impedance. A different situation 
prevails in the output stage of a video 
amplifier, which is usually terminated 
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into a low impedance (75 ohm) coaxial 
line, either for interconnection in the 
studio equipment, or for feeding lines 
to the transmitter or the AT&T com¬ 
mon-carrier lines. Low impedance lines 
such as this are essential to hold down 
shunt capacitance effects which would 
be detrimental across a higher impe¬ 
dance. A properly terminated coaxial 
line will reflect a pure resistance to the 
output stage, avoiding reflections which 
would result in “ringing” effects in the 
reproduced picture (Fig. 8.3F). 

Video amplifiei' output stages take 
one of two general forms, either the 
cathode-follower, or an especially de¬ 
signed plate-loaded circuit. The great 
majority of amplifiers which feed an¬ 
other unit in the studio itself use cath¬ 
ode follower outputs. Where the ampli¬ 
fier may be used to feed lines in com¬ 
mon-carrier service, the special type of 
plate loaded circuit is most generally 
used. 

The cathode follower is so termed be¬ 
cause the load is connected across the 
cathode resistance, and the load signal 
is therefore of the same polarity (fol¬ 
lows) as the grid signal. It should be 
recalled that in the conventional plate 
loaded circuit with load coupled to the 
plate of the preceding stage, phase in¬ 
version of the signal results. This is so 
because as the grid signal voltage 
swings in the negative direction, plate 
current is decreased (more grid bias) 

and the signal voltage drop is less 
across the plate resistor. This causes 
the coupled point in the plate circuit to 
become more positive as the grid be¬ 
comes more negative, thus the signal 
phase is 180 degrees reversed in phase 
from the applied signal. 

The cathode follower, basically de¬ 
scribed in section 1.6, is shown in 
equivalent circuit form in Fig. 8.31. The 
primary function is to match a high 
impedance to the 75 ohm standard im¬ 
pedance of interconnecting coaxial lines 
and to preserve the proper waveshapes 
in the video signal. As the grid signal 
swings in the positive direction, plate 
current through the cathode resistor in¬ 
creases and the IPRC drop therefore in¬ 
creases. As the grid signal swings in 
the negative direction, the IPRC drop is 
decreased. Thus the load signal follows 
the input signal and no phase inversion 
takes place. 

The term mu/mu + 1 in Fig. 8.31 is 
multiplied by the input voltage (Et) 
to obtain the generator voltage. The 
term within the parenthesis is the gen¬ 
erator impedance for this equivalent 
circuit. If the tube is a pentode, the in¬ 
ternal plate resistance (RP) is very 
large with respect to g„„ and the mu 
is large. The approximate expression 
for gain may then be expressed: 

Re 
Gain -

R,. + 1/gm 

Gm= transconductance of tube 

R_= INTERNAL RLATE RESIST¬ 
ANCE OF TUBE 

Rc = CATHODE RESISTANCE 

Ej- INPUT VOLTAGE 

U = MU OR AMPLIFICATION 
FACTOR OF TUBE 

Figure 8.31. Equivalent circuit of cathode follower. 
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Thus in the case of a pentode cathode 
follower, the equivalent generator volt¬ 
age is approximately the input voltage 
(EJ and the internal impedance is 
1/gm. Thus the quantity of l/g,n is ef¬ 
fectively in parallel with R,. 

From the above expression for gain 
of a cathode follower, it is noted that 
the denominator must always be great¬ 
er than the numerator. Therefore the 
gain may approach unity (same output 
as input) but never exceed unity. Am¬ 
plification is not attempted in a cathode 
follower. 

It is important for the maintenance 
engineer to understand operating char¬ 
acteristics of the cathode follower 
which may affect frequency response, 
hence phase distortion. From the above 
discussion it was pointed out that the 
output impedance is the effective cath¬ 
ode resistance (effective Rc is the actual 
cathode resistance in parallel with load 
resistance at receiving end of coax), in 
shunt with l/g„,. Thus any factor which 
would affect the transconductance of 
the tube with applied signal would si¬ 
multaneously affect the output impe¬ 
dance. As an illustration, suppose that 
the grid received an instantaneous sig¬ 
nal which was of sufficient negative 
value to cut off plate current. At this 
instantaneous time, g,„ becomes zero, 
and the generator impedance is theo¬ 
retically infinite. Thus the output im¬ 
pedance is the effective Rc, and the 
value of load impedance has changed 
with applied signal. IT IS VERY IM¬ 
PORTANT THAT A CATHODE FOL¬ 
LOWER STAGE BE OPERATED 
WITHIN ITS NORMAL LIMITS. 
While this is obviously true of all video 

stages, the cathode follower is ex¬ 
tremely sensitive to limits over which 
it obtains optimum results. It follows 
that any slight change in circuit com¬ 
ponents or the tube itself may require 
priority attention of the maintenance 
department. 

Since the internal impedance of the 
cathode follower is 1/gm, the effective 
Rc should nearly match this value for 
good power transfer. The type 6AG7 
tube is commonly used as a cathode 
follower output in video amplifiers. 
From tube data sheets, it is found that 
g,„ is 11,000 micromhos. Thus 1/11,000 
micro units is approximately 90 ohms. 
We may see now what affects the “ef¬ 
fective” value of the cathode resistance. 
Since the transconductance of a GAG7 
is relatively high, the value l/gm is a 
very small quantity, which is in shunt 
with R.. As shown above, this value is 
about 90 ohms. Fig. <>.3J shows the two 
common methods of coupling the load 
to a cathode follower. If the internal 
impedance of the tube is high in ratio 
to the required network (for proper 
matching and optimum power output 
consistant with required bandwidth) 
the circuit of (1) is used. If the inter¬ 
nal impedance is low in ratio to the re¬ 
quired coupling network, the circuit of 
(2) is used. In either case, which prop¬ 
erly matches the cathode-follower to 
the transmission line, the DC compo¬ 
nent may be seen io be on the line. 
The coupling capacitor is almost uni¬ 
versally used at the receiving end as 
shown, directly to the high-impedance 
grid circuit. This results in optimum 
performance with negligible capacitive 
effects across the line. 

Figure 8.3J. Two most popular types of cathode follower circuits for video amplifiers. 
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Figure 8.3K. Schematic of typical plate-loaded Video output stage. 

Where the cathode follower may be 
directly-coupled to the line as illus¬ 
trated (a 75 ohm load coupled to high 
impedance amplifier at receiving end), 
the circuit when properly adjusted ex¬ 
hibits excellent frequency characteris¬ 
tics down to and including DC. The 
fact that DC is on the line works at a 
disadvantage when an amplifier is used 
to feed transmission circuits now pro¬ 
vided by common carriers (A.T.&T.), 
since such systems use especially de¬ 
signed broadband transformers which 
are not capable of operating on DC. 
The use of a cathode follower to feed 
such lines would require an extremely 
large coupling capacitor (to block DC) 
to couple such a low resistance. The 
value of such a capacitor would neces¬ 
sarily be in the neighborhood of 2000 
microfarads to achieve good low fre¬ 
quency response down to 60 cps between 
two low-impedance devices. Therefore 
the engineer will find many amplifiers 
incorporating a special type of plate 
loaded output stage. Some manufactur¬ 
ers are using this type of output stage 
instead of cathode followers in some 
of the latest equipment, even when de¬ 
signed to feed other units at the studio 
itself. 

Fig. 8.3K illustrates a typical plate-
coupled video output stage. In the case 
of the preceding video amplifier stages 
already described, the plate resistance 
Rl was very low in magnitude to the 
following grid resistor R.-. The time¬ 

constant of the coupling network was 
therefore essentially C,R.. In the case 
of Fig. 8.3K, however, Rl is not negli¬ 
gible since Cc couples into a very low 
relative resistance in the vicinity of 75 
ohms. Therefore the time constant upon 
which good low frequency response de¬ 
pends is determined largely by Ri.Cc. 
In this case Rl may be made as large 
as possible consistent with the power 
supply voltage available. 

Design engineers employ a means of 
ascertaining the figure of merit of any 
coupling circuit at low frequencies. 
They arrive at this figure by simply 
adding to the time constant of the cir¬ 
cuit the lowest frequency to be passed 
with good fidelity. This is stated: figure 
of merit at lowest frequency (LFM) 
= RfC. In practice, this value should 
not be lower than 20. From this rela¬ 
tionship we may see how the minimum 
value of the coupling capacitor Cc in 
Fig. 8.3,K may be determined. Remem¬ 
ber that the output load Rot. will be of 
low value of around 75 ohms and need 
not be considered here. 

Consider an output stage using an Rl 
of 5000 ohms. Solving for the neces¬ 
sary value of C<- from the above for¬ 
mula, and considering 20 as the mini¬ 
mum value of LFM: (for 30 cycles-per-
sec.) : 

20 20 
C =-=-= 

RF 5000 X 30 
0.000133 = 133 MFD 
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Thus Cc in this case will be approxi¬ 
mately 133 microfarads. The mainte¬ 
nance engineer will find a Cc of some¬ 
where in this vicinity in the output 
coupling circuit of any such video out¬ 
put amplifier. Consider now the neces¬ 
sary value of such a coupling capacitor 
when used at the cathode of a cathode 
follower which must block DC. From 
our previous discussion if R, (cathode 
resistor) is to match the internal im¬ 
pedance of the tube, and the tube used 
is a 6AG7: 

1 1 
Rc =-= —--— 90 ohms, 

gm 0.011 
If we choose the same minimum figure 
of merit at 30 cps: 

20 
C =-= 0.C07400 (approx.) 

90 X 30 
7400 MFD. 

The size of such a capacitor which could 
withstand even the relatively small 
voltages encountered would be prohibi¬ 
tive. Thus the reader should now have 
a reasonable insight as to why cathode 
followers are not used to feed lines 
coupling two low-impedance devices 
where the DC must be blocked from the 
line. 

As a general rule the testing of video 
amplifiers concerns itself with the high 
and low frequency ranges. Should tests 
in these ranges be satisfactory, the mid¬ 
band characteristics are assumed to be 
normal except in very ¡are instances. 
The overall response curve of amplifiers 
at TV broadcast stations is normally 
relatively flat over a range of at least 6 
megacycles. 

Remember that the above statement 
refers to overall response. CIRCUITS 
IMMEDIATELY PRIOR TO CLAMP¬ 
ING STAGES MAY HE DELIBER¬ 
ATELY DESIGNED TO BE DEFI¬ 
CIENT IN LOWS. CIRCUITS IMME¬ 
DIATELY PRIOR TO “WHITE PEAK¬ 
ER” STAGES MAY BE DELIBER¬ 
ATELY DESIGNED TO BE DEFI¬ 
CIENT IN HIGHS. The former practice 
is to help prevent interference from 
stray AC fields, and the latter practice 
is useful in increasing signal-to-noise 

ratios, especially in low-level pre-amp 
stages. 

Testing of video amplifiers for fre¬ 
quency distortion and its direct counter¬ 
part, phase distortion, could obviously 
be carried out by the point-to-point 
method, using either a VTVM or scope. 
This procedure involves running the 
complete frequency response, a single 
frequency at a time, which is both labo¬ 
rious and time-consuming. The engineer 
concerned with television broadcast 
maintenance will find this method out¬ 
dated in the large majority of installa¬ 
tions. The most effective method in¬ 
volves the use of a sweep generator, a 
detector, a square wave generator, and 
an oscilloscope. The sweep generator, 
detector and scope are used to check 
the high frequency characteristic over 
100 kc, and the square wave generator 
and scope are used to check low fre¬ 
quency characteristics. 

A sweep generator consists of a fixed-
frequency oscillator whose output is 
beat with a sweep oscillator frequency 
modulated at 60 cps. The frequency 
modulation is such as to cause the beat¬ 
frequency to swing over a usable range 
of about ICO kilocycles to approximately 
10 megacycles. The frequency swing 
may be produced by a conventional re¬ 
actance-tube circuit with 60 cps excita¬ 
tion from the power line, or in many 
cases by a motor-drive capacitor in the 
oscillator tank circuit. A 3600 rpm mo¬ 
tor provides a 60 cps sweep of the oscil¬ 
lator frequency. Such a sweep generator 
usually incorporates an absorption 
marker generator which places a notch 
at any reference frequency over the 
usable range. 
The fundamentals of checking high-

frequency characteristics of video am¬ 
plifiers are illustrated in Fig. 8.3L. The 
frequency-modulated output of the 
sweep generator consists of a video en¬ 
velope containing a sweep at uniform 
rate and amplitude over a range of 100 
kc to 10 megacycles, with a tunable fre¬ 
quency marker (notch) placed at any 
desired frequency. The wave is repeated 
at regular intervals of 60 cps. This test 
signal is applied to the amplifier to be 
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Figure 8.31. Basic method of testing Video amplifiers for high frequency characteristics. 

tested. A detector of the type shown in 
the Fig. is connected to the output of 
the amplifier. This rectifies the signal 
output as shown (in this case the ampli¬ 
fier is considered as a theoretical ideal, 
no distortion has occurred), and the 
output of the detector is fed to the ver¬ 
tical input of the oscilloscope. The scope 
for this test should have excellent low-
frequency response so that no distortion 
of the 60 cycle square-wave takes place. 
High-frequency response need be no 
greater than 50 kc. By this means the 
oscilloscope traces a graph of output 
voltage-versus frequency over the en¬ 
tire passband above 100 kc. 

The methods of coupling test equip¬ 
ment to video amplifiers are very criti¬ 
cal for correct interpretation of the 
scope trace. The normal shunt capaci¬ 
tances and impedances must be retained 
upon test equipment connection to ob¬ 
tain an interpretive trace pattern. The 
output terminals of a sweep generator 
provide an impedance designed to be 
connected to a high impedance grid 
circuit. No blocking capacitor is used, 
and the sweep generator must there¬ 
fore not be connected to any point ex¬ 
posed to DC, since this would damage 
the output network. Stray capacitance 
must be avoided in the construction of 
the diode detector. It is considered good 
practice to build up several such de¬ 
tectors and probes of varying length, 

and to use the shortest possible leads 
for the particular job at hand. The de¬ 
tector probe must be connected across a 
low-impedance point to avoid loading 
effects and shunt capacitance troubles. 

In practice, the detector is placed 
across the low impedance output of a 
video amplifier, which is generally of 
the cathode-follower type or special low-
impedance plate coupled circuit. Fig. 
8.3M illustrates the points in question. 
Since the effect of the transmission line 
and following video amplifiers should 
be treated as a separate test, the coax¬ 
ial line is removed and the output termi¬ 
nals of the cathode follower loaded with 
a non-inductive 75 ohm resistor. Except 
in unusual cases mentioned later, the 
detector may be left in this position for 
the entire test-run of all stages in the 
amplifier. The sweep generator may 
first be connected directly to the grid 
pin on the cathode-follower stage, point 
(A) in the illustration. It is very im¬ 
portant to apply normal voltage to the 
input of any stage to be tested so that 
no saturation effects occur. Foi- ex¬ 
ample, a cathode follower rated at 2 
volts peak-to-peak output will normally 
require about 3 to 5 volts input, since 
gain is less than unity. Most sweep gen¬ 
erators incorporate a peak meter on the 
output to indicate amplitude of applied 
signal which is adjustable by means of 
an attenuator. Where this is not in-
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Figure 8.3M. Typical video amplifier with cathode follower output, and methods of connection of 
test equipment. (See text.) 

eluded in the generator, the engineer 
should use an accurate VTVM to keep 
this applied signal within the proper 
range. 

Point (1) is an alternative point for 
test should the action of the coup'ing 
capacitor Cc be suspected. In this case 
the preceding stage must be isolated to 
avoid contacting the plate voltage with 
the generator, and to avoid the loading 
effect of the plate circuit. It is also pos¬ 
sible for some instability to occur when 
a multi-stage amplifier is tested since 
some feed-back may take place through 
paths provided by leads from test equip¬ 
ment. Stages must then be isolated by 
the general method illustrated, open¬ 
ing the circuit at the point marked X 
in the diagram. Such maintenance pro¬ 
cedure is only necessary when definite 
trouble must be traced down in the am¬ 
plifiers. With modern commercially 
built test equipment and probes, in¬ 
stability from test lead interconnection 
seldom occurs. 

By leaving the detector probe con¬ 
nected across the output, the generator 
may be connected to eaeh preceding 
stage in turn, and overall characteris¬ 
tics noted. Peaking coils are often ad¬ 
justable in commercial broadcast equip¬ 
ment, as are some grid resistors. Fig. 
8.3N shows typical patterns obtained on 
the scope for any single deficiency exist¬ 
ing in the amplifier. Assume that the 

sweep generator is connected at point 
(2) in Fig. 8.3M, with the detector and 
scope still connected at the cathode fol¬ 
lower as shown. It is also assumed that 
the cathode follower has tested in good 
condition as in (1) of Fig. 8.3N. In prac¬ 
tice, the marker notch is set by means 
of the calibrated marker dial to occur 
at the point on the curve where the de¬ 
cided slope toward cut-off is noted. If 
the dial then reads 7 megacycles, the 
response is flat from 100 kc to 7 mega¬ 
cycles. A minimum of 6 megacycles is 
considered necessary in broadcast sta¬ 
tion equipment to assure minimum fre-

Figure 8.3N. (1) (2) (3) Effect on Ri. of demodu¬ 
lated sweep generator test signal. 
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Figure 8.3N. (4) (5) Effect of series peaking coil 
Li in Figure 8.3M. 

quency and phase distortion, although a 
flat response to 5 megacycles is toler¬ 
ated when necessary. Most modern com¬ 
mercial equipment tests well over 7 
megacycles in many instances. 

If the plate load resistor Ri. should 
increase from normal value to a higher 
resistance, the trace obtained would be 
similar to (2). From the curves of Fig. 
8.3C it was noted that a higher value 
of coupling resistance causes a depar¬ 
ture from flat response at both high and 
low frequencies. In this case we are 
observing the high passband from 100 
kc to 6 megacycles (in this example), 
and the droop toward the upper end of 
the band is noticeable. If the slope is 
very pronounced, phase distortion is 
bound to occur, and loss of resolution 
is apparent in the pictures. Although 
this effect might be caused by an actual 
change in the value of RL, such is not 
necessarily the sole cause. Anything 
that would affect the dynamic plate load 

Figure 8.3N. (6) (7) Effect of damping resistor R,. 
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so as to increase its effective load im¬ 
pedance over the passband would have 
the same results. For example, observe 
(9) of Fig. 8.3N. This is essentially 
the same trace as (2), and is caused 
by a reduced value of the inductance of 
the shunt peaking coil L2 of Fig. 8.3M. 
Since this coil is part of the designed 
plate load, insufficient inductance causes 
an increase in effective plate load im¬ 
pedance. This may seem contradictory 
to the reader and will be clarified before 
going further. 
When engineers designed the shunt 

peaking coil, its reactance at the high¬ 
est pass frequency was made to equal 
approximately one-half the value of the 
reactance of the total output and input 
shunt capacitance whose effect the 
peaking coil must nullify. The total 
plate load impedance is a complex quan¬ 
tity rather than pure resistance, and 
takes the conventional value: 

Zi. = VR2 + (X,. —Xc) 2 

Assume just as an illustrative example 
that the total shunt capacitive reactance 
at the highest pass frequency is 2000 
ohms. With Xi. equal to one-half this 
value, or 1000 ohms (with 1000 ohm 
R0: 

Z, = V (ÏOOÔp + (1000 — 2000)2 = 
VIO" + 10“ = 1415 ohms (approx.) 

Thus with an R,. of 1000 ohms, and nor¬ 
mal shunt-peaking coil reactance of 14 
the value of total Xc at the highest fre¬ 
quency, the total plate impedance at 
this highest frequency is 1415 ohms. 

Figure 8.3N. (8) (9) Effect of shunt peaking coil Is. 
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(This is not a typical value but is used 
for illustrative purposes only). Now 
consider what occurs should the induc¬ 
tive reactance be reduced by one-half 
its normal value. Obviously the differ¬ 
ence in the quantity enclosed in the re¬ 
active parenthesis of the equation be¬ 
comes larger, since Xc remains the 
same. To be explicit : 

Z, = V10002 + (500 — 20G(I)- = 
\ 10“ + (2.25 X 10“) = 1802 ohms 

(approx.) 
and it is observed that ZL has increased 
with decrease in shunt XL. 

Understanding of these basic circuit 
relationship materially aids the mainte¬ 
nance engineer in interpreting resultant 
scope traces. In (3) is a typical trace 
when R, has decreased from normal 
value. Observation of (8) in which L- is 
larger than optimum value reveals ef¬ 
fect on plate load impedance, at the 
higher frequencies, effectively decreas¬ 
ing the value of RL. The nature of the 
traces are therefore similar. 

The effect of the series peaking coil 
is shown in (4) and (5). When Li is 
larger than optimum value (4). a grad¬ 
ual upward slope occurs from 100 kc 
(low end of sweep) toward mid-range 
of sweep. The larger the value of L,, 
the farther to the left is the hump 
shifted. Compare this to (3), which in¬ 
dicates Ri too low in value. The major 
difference in the resulting traces is the 
extremely reduced cut-off point (maxi¬ 
mum downward slope of curve) indicated 
in (4), with L, too large. This causes 
the notch to “slide down” on the slop¬ 
ing portion of the curve at the high end. 
From the slope of the response curve of 
(4), it may rightly be inferred that the 
effective R> is reduced as the series 
peaking coil is increased in value, just 
as in the case of the shunt peaker. In¬ 
creasing the value of L, lowers the 
resonant frequency (greater LC ratio) 
at which the series peaker performs. 
(Review section 2.4). This causes the 
hump in amplitude response to move to 
the left (lower in frequency), and the 
effective Zi at the highest frequencies 
in the desired passband is reduced. 

As shown in (5), if the series peakei’ 
is too small in value, the response from 
100 kc to midrange of the sweep is too 
large, and the cutoff frequency is larger. 
This condition may also be caused by a 
reduced value of damping resistor 
shunted across L2. 
The effects of increased values of 

damping resistance is noted in (6) and 
(7). In (6), the resistance value has 
increased to the point where inadequate 
damping of the resonance peak occurs. 
This is one possible symptom of transi¬ 
ent oscillation producing a picture as 
shown in Fig. 8.3F. The trace in (7) 
indicates an open damping resistance 
which allows the resonant peak to ap¬ 
pear. 
The peaking circuits of most video 

amplifiers are adjustable as indicated 
by the variable inductances in the sche¬ 
matic of Fig. 8.3M. The proper align¬ 
ment of these stages constitute an im¬ 
portant function of the maintenance 
engineer both upon initial setup of the 
amplifiers, and in routine and priority 
checks of equipment. With the sweep 
generator connected at point (2), Fig. 
8.3M, the effects of varying the adjust¬ 
ments of Lt and L2 may be noted. It 
will be observed that varying the series 
peaker L, mostly affects the trace to 
the right of the pattern, and varying 
L2 will mostly affect the trace through 
the center of the pattern. The marker 
notch frequency should be set so that 
it appears at approximately the as¬ 
sumed limit of the flat portion of the 
curve, such as 6 or 7 megacycles. If, 
upon varying L, the peak starts moving 
to the left, the adjustment should be 
made in the opposite direction to obtain 
as flat response as possible. L2 is simi¬ 
larly varied while observing the scope 
pattern, and adjusted to obtain opti¬ 
mum response characteristic closely 
resembling (1) of Fig. 8.3N. No more 
than approximately 2% variation 
should occur over this high-pass band 
from 100 kc to the limit of the flat por¬ 
tion of the curve. 

The typical traces shown in Fig. 8..3N 
assume only one component error as is 
usually the case in preventive mainte-
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Figure 8.30. Dotted lines indicate modification necessary for two different means of checking an 
intermediate video stage. (See text.) 

nance or in trouble occurring during 
operation. If a number of amplitude 
variations show up in the pattern, sev¬ 
eral errors may exist simultaneously. 
In this case the engineer familiar with 
effect of any given adjustment on the 
corresponding pattern will establish a 
basis from which to proceed. It is very 
important that the setup of test equip¬ 
ment and test leads produce no spurious 
response on the screen. Experience with 
any particular installation is necessary 
before the engineer can readily deter¬ 
mine “normal” and “abnormal” appear¬ 
ance of any slight spurious trace. 
Only two stages are shown in Fig. 

8.3M. In amplifiers employing more 
stages, the above process is repeated 
back through the circuits to the input 
terminals of that particular amplifier. 
It may be desirable in some cases to 
check an intermediate stage individu¬ 
ally. This may be done as indicated in 
Fig. 8.30, by temporarily converting 
the stage following the one to be 
checked to a cathode-follower, or low-
impedance plate coupled circuit. If the 
cathode resistor is in the vicinity of 100 
ohms, as is often the case, the bypass 
capacitor (if one is used) is tempo¬ 
rarily removed and the detector con¬ 
nected across this resistor. This stage 
then acts as a cathode follower. If the 
cathode resistor is higher in value than 
100 ohms, it is preferable to use the 
alternative method shown. The peak¬ 
ing coils are shunted with a 100 ohm 

resistor across each coil, and the de¬ 
tector may then be connected across 
either one of these resistors. In this 
case, the stage is acting as a low-
impedance plate coupled circuit. The 
sweep generator is then connected 
across the grid circuit of the stage to be 
checked or adjusted. Checking stages 
individually in this manner is often a 
necessity, especially when a tendency to 
regenerate or oscillate is noted when 
attempting to check the entire ampli¬ 
fier from the output stage. This some¬ 
times occurs in high-gain video ampli¬ 
fiers when test equipment is connected. 

Many video amplifiers in the system 
employ circuits where blanking and 
sync signals are injected, and where 
clamping is employed. These stages re¬ 
quire special technique in testing pro¬ 
cedure. Fig. 8.3P presents a simplified 
diagram of sync insertion, feeding a 
cathode-follower output stage, the grid 
of which is clamped. This might be a 
typical arrangement of a mixer-ampli¬ 
fier unit following the switcher stage, 
oi’ of a line output amplifier in which 
sync-insertion takes place. Point (1), 
the clamper stage, is our first consider¬ 
ation. From the inherent nature of 
clamping tubes, considerable capacity is 
added to the circuit at that point. Thus 
they cannot be removed without up¬ 
setting circuits constants which would 
seriously affect normal operation of the 
output stage. Neither can they be left 
in without special arrangements con-
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Figure 8.3P. Typical sync injecrion and clamping circuit 

sidered later. This is true because the 
resultant clamping pulses would give 
spurious response in the output since 
the sweep generator contains no blank¬ 
ing pulses upon which the clamper nor¬ 
mally operates. For this reason it is 
necessary to replace the clamper with 
the same type tube, but with the heater 
circuit opened by cutting olí the heater 
pins. These “dummy” tubes should be 
plainly marked in some fashion such as 
with paint or finger-nail polish so that 
they will not inadvertantly be left in 
ptace after testing. When the clamp is 
immobilized in this way, the grid of 
the output stage is left floating. It is 
then necessary to insert temporarily a 
grid resistor at point (2) of the dia¬ 
gram. A value of 470,000 ohms is proper 
for such common tubes as the 6AG7, 
6AC7, and 6AK5. 
The sweep generator may be con¬ 

nected at point (4) for the purpose of 
checking this stage and aligning shunt 
peaking coil Li. In this stage, another 
condition must be considered. Sync 
pulses are usually inserted as shown by 
an amplifier sharing a common plate 
load with the video amplifier. Aside 
from the capacitive effects of the sync 
amplifier on the video amplifier, the 
video amplifier steady-state plate volt¬ 
age is dependent upon the load current 
drawn by the sync amplifier stage. Sync 
pulses injected into the video ampli¬ 

fier, however, must not be allowed since 
the resultant patterns would be mean¬ 
ingless for the purpose of this test. To 
maintain normal circuit conditions, the 
sync amplifier tube obviously cannot be 
removed. If the amplifier simply has a 
plug-in connection for the composite 
sync signal, this may be removed dur¬ 
ing the test. If the amplifier is rack¬ 
mounted and receives sync from a dis¬ 
tribution bus common to a number of 
amplifiers, the signal should be “killed” 
in the stage prior to point (3) by use 
of a dummy tube. Should point (3) 
obtain its drive directly from a sync 
distribution bus, it is necessary to break 
the connection temporarily at this point. 

In amplifiers such as those found in 
camera control units, blanking injec¬ 
tion circuits occur. This injection usu¬ 
ally takes the same form as sync in¬ 
jection circuits described previously, in 
which the blanking amplifier shares a 
common plate with a video amplifier 
stage. Thus the same precautions 
must be taken, and blanking pulses 
“killed” in a previous stage. One added 
precaution is necessary here. The blank¬ 
ing amplifier may be driven by only 
li of 6SN7 twin triode, the other half 
of the tube performing some other 
necessary function. In this case, the 
dummy tube must retain the heater 
connection, and the grid, plate, and 
cathode pins of the proper half-section 
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removed. As previously mentioned, such 
tubes should be prominently marked 
in some way to avoid leaving them in 
the circuit after tests are completed. 

Thus far the testing of the video am¬ 
plifier has concerned only the high pass¬ 
band from 100 kc to the limit of the 
flat response around 6 or 7 megacycles. 
Low frequency response of the ampli¬ 
fier is checked with the oscilloscope and 
a square-wave generator. This gener¬ 
ator should be capable of outputs in at 
least two ranges: at 60 cps, and 7.5 kc. 

The general procedure is the same as 
outlined above for high-frequency test¬ 
ing. The oscilloscope is connected across 
the low-impedance output stage of the 
amplifier (no detector is used in this 
test), and square waves of the proper 
range applied to the grid of the stage. 
The signal is then applied to each pre¬ 
ceding stage progressively toward the 
input stage until the entire amplifier is 
checked. 

The low-frequency square wave tests 
(60 cps) are applied only as overall 
amplifier checks, or individually to those 
stages immediately following a clamp¬ 
ing circuit. Stages prior to the clamper 
are usually ntentionally designed to 
have a low-frequency response which 
starts well above the power-line fre¬ 
quency of 60 cps. This reduces effects of 
low frequency microphonics in tubes, 
and stray 60 cps field pickup. These 
previous stages, however, should have a 
substantially flat response starting at 
around 150 cps. The 7.5 kc square wave 
is used to check this response. If an 
amplifier passes a 7.5 kc square wave 
with less than 10% tilt (see Fig. 
8.3H-2), good phase response down to 
7.5 kc is indicated, which implies good 
amplitude response down to about 
1/õOth of this value, or 150 cps. (A 
square wave is composed of a large 
number of odd-order harmonics). Cir¬ 
cuits preceding clampers which are in¬ 
tended to have poor lows do not employ 
the low-frequency compensation circuits 
which other stages use. 
Clamped stages and those immedi¬ 

ately following, or any stage which 
employs low-frequency compensation, 

should pass a 60 cps square wave with 
less than 10% tilt. Variations from this 
optimum value exist in practice, and a 
tilt of a 60 cps square wave may be as 
high as 20% (overall amplifier) and 
still result in satisfactory operation. 
These conditions will be pointed out in 
the specific sections which follow later 
concerning the camera, control units, 
etc. Low frequency testing aids in align¬ 
ing any stages which employ adjustable 
grid resistors as in Fig. 8.3M and Fig. 
8.30, since low response is determined 
by the time-constant of the interstage 
coupling networks. 

8.4 Basic Techniques in Pulse 
Measurements 

The maintenance engineer is con¬ 
cerned not only with video amplifier fre¬ 
quency-phase response, but also with 
measuring amplitude, time, duration, 
and shaping forms of sawtooth, square 
and rectangular pulse waveforms. Ap¬ 
plication of pulse-measuring technique 
must be made in observing sync gener¬ 
ator performance, driving, blanking and 
sync pulses wherever they occur in 
terminal equipment, clamping pulses, 
and sweep circuits. All such measure¬ 
ments depend primarily upon the proper 
application of special types of oscillo¬ 
scopes which should be a part of every 
maintenance department setup. 

It was noted from the preceding sec¬ 
tion that oscilloscopes used foi' sweep¬ 
generator tests need not have vertical 
amplifiers of extremely broad band 
characteristics. For adequately measur¬ 
ing all pulses used in TV, however, this 
characteristic must be flat from several 
cycles to 5 or 6 megacycles. Some of the 
larger stations employ scopes with a 
vertical amplifier usable up to 16 mega¬ 
cycles. While these are highly desirable 
for accuracy comparing to laboratory 
work, a scope with a vertical amplifier 
reasonably flat to 5 megacycles is very 
useful in pulse-measuring techniques 
for television broadcast systems. 
The maintenance engineer must first 

acquaint himself with the characteris¬ 
tics of the instruments which the sta¬ 
tion uses. The lower limit of the verti-
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cal amplifier in the scope determines the 
maximum pulse width that can be dis¬ 
played without distortion. The upper 
limit determines the minimum pulse 
build-tip time that can be displayed 
without distortion. Therefore the engi¬ 
neer should observe the pattern pro¬ 
duced on the scope when it is connected 
to a square-wave generator known to be 
good. The interconnecting leads or 
probes used should be the same as those 
to be used when checking faulty equip¬ 
ment. Only in this way can the engi¬ 
neer interpret patterns correctly for his 
particular installation. 

The extra capacity added by test in¬ 
strument leads is extremely critical in 
measuring pulses, and the utmost cau¬ 
tion must be exercised in holding this 
capacitance to the absolute minimum 
values. As a rule only commercially-
built probes are used, which are espe¬ 
cially designed and constructed to com¬ 
pensate for stray capacitance added by 
test leads. One such method is shown 
in Fig. 8.4A. The probe contains an 
RC divider network in which R, is much 
greater than R-. The capacitor across 
R, is adjustable by a slotted-shaft ar¬ 
rangement. C2 represents the total 
shunt capacitance of the arrangement. 
The frequency and phase response of 
the network is uniform at any fre¬ 
quency when the relationship R,/R. = 
C2/C1 is maintained. Thus the loading 
capacity is reduced, but the voltage at 
the input of the scope is likewise re¬ 
duced from the voltage-divider action of 
Ri and 1R. This is not serious for pulse 
voltages encountered in TV systems 

when using a high-gain vertical am¬ 
plifier in the oscilloscope. 

The sweep circuits used in wide-band 
oscilloscopes employ “hard tube” cir¬ 
cuits (to distinguish from the more fa¬ 
miliar gas-tube) employing multivibra¬ 
tors synchronized either internally, ex¬ 
ternally, or by the test signal itself. The 
sawtooth generator fs driven from the 
multivibrator. In some cases the rise or 
fall time (leading and trailing edges) 
of the pulse is lost in the pattern due 
to the limited starting time of the 
sweep. To avoid this difficulty, many 
scopes employ “delay lines” in the ver¬ 
tical amplifier, which produces a sig¬ 
nal delay slightly greater than the 
starting time of the sweep. Thus the 
pulse appears on the screen after the 
sweep has been initiated, and the build¬ 
up time is discernible on the trace. 

A timing calibrator which places 
visual markers on the screen at speci¬ 
fied time-intervals is also generally em¬ 
ployed in such oscilloscopes. These may 
be narrow pulses applied to the CRO 
grid in sync with the sweep, so that 
dark-spots occur on the trace at the 
time intervals. Another method which 
is often used when an external marker 
generator- is employed is to mix the 
marker pulses with the test signal in 
the vertical amplifier, in which case 
“pips” occur on the trace. This type of 
marker :s also often built-in on the os¬ 
cilloscopes. 

It is often desirable to measure the 
peak-to-peak voltage of an observed 
pulse. This is accomplished by use of 
either an external or built-in voltage 
calibrator. This instrument is con¬ 
nected to the vertical-deflection ampli¬ 
fier and a pulse of known input voltage 
appears on the screen. A voltmeter cali¬ 
brated in peak-to-peak values continu¬ 
ously measures the output of the volt¬ 
age calibrator. Thus when this voltage 
is adjusted to result in the same ampli¬ 
tude as the pulse being observed, the 
voltmeter reads the pulse value directly 
in peak-to-peak volts. 
As an example of pulse measurement 

technique, consider a typical clamping 
circuit to be tested. It is recalled that 
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the clamper is a particular form of DC 
restorer circuit (section 2.5 and 3.4). 
The simplest form of DC restoring cir¬ 
cuit is that used at the kinescope tube 
or CRO waveform monitor which oper¬ 
ate when the reference level corre¬ 
sponds to a peak value higher than the 
maximum signal amplitude. In the case 
of the clamper, the reference level is 
not necessarily the peak value (such as 
sync peaks), but may be a lower value, 
such as the blanking level of the tele¬ 
vision signal. These circuits are used at 
various points in the terminal equip¬ 
ment wherever the eifects of hum and 
noise impulses must be held to a mini¬ 
mum. Thus a clamper is “keyed” to 
function in the manner necessary for 
that particular circuit. 

In any case, the clamper should hold 
the clamped point at a constant bias at 
the desired reference level. A very com¬ 
mon form of clamping at both studio 
equipment and transmitters is known 
as “back-porch” clamping, in which the 
clamped point is held at the blanking 
level of the signal. To do this, the 
clampers are keyed from a sync pulse 
of the line waveform in such a manner 
as to cause the clamping tubes to refer 
to the reference level which immedi¬ 
ately follows, this being the blanking 
or pedestal voltage upon which the sync 
pulse is constructed. Fig. 8.4B is a sim¬ 
plified schematic of one of the clamping 
circuits in the General Electric Stabi¬ 
lizing amplifier (described and illus¬ 
trated in section 6.6 and in following 
section 8.7). Tube V18 is a sync-clipper 
stage which has removed the sync 
pulses from the composite picture sig¬ 
nal. This amplified sync is fed to the 
grid of V19A, which is observed to 
have its grid resistor returned to the 
well regulated B plus supply of 275 
volts. The coupling capacitor is very 
small (47 mmf), so that the resulting 
grid current of V19A charges the cou¬ 
pling capacitor during the rise of each 
sync signal. The output of the sync am¬ 
plifier at point (1) is positive. At the 
trailing edge, during the negative going 
excursion, a large negative overshoot 
occurs which drives the grid of V19A 
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momentarily below cut-off (point 2). 
Between sync pulses the tube returns 
to zero bias by charging toward B plus 
through the grid resistor. This condi¬ 
tion prevails until the next sync signal 
occurs. During this interval, a positive 
pulse is formed at the plate of V19A. 
From the negative overshoot at point 
(2), it is seen that the positive pulse 
occurring at the plate of this stage is 
coincident with the trailing edge of the 
sync pulse. (See waveform at point 3.) 
Thus pulse is amplified, inverted and 
clipped by V19B (see waveform at 
point 4), and used to drive the clamp 
keying tube V20A. Since the pulse ap¬ 
plied to V20A is negative, the signal at 
the plate of this stage (point 6) is posi¬ 
tive, while that at the cathode (point 
5) is negative. These pulses are applied 
simultaneously to the clamp diodes V21 
and V22. 

Remember that it is the function of 
these diodes to short the grid at point 
(8) momentarily at the line frequency 
of 15,750 cps (section 3.4). The keying 
pulses at point 21 are positive while 
the simultaneous keying pulse at point 
22 is negative. At the instant these 
pulses arrive, if point (8) is the same 
potential as (7), current will flow 
around through the diodes and resis¬ 
tors R21 and R22, since the condition 
for conduction (plus charge on plate, 
minus charge on cathode) has occurred. 
Since the diodes and resistors are of 
equal values in the two branches, equal 
voltage drops occur. The potential at 
point (7), is therefore midway between 
that at point 21 and 22, and the grid 
potential (8) remains equal to that at 
(7). 
If, when the clamping pulses are ap¬ 

plied, point (8) is at a higher potential 
than point (7), it is seen that V22 will 
conduct while V21 is cut-off. This 
drains the excess potential from point 
(8). When point (8) again becomes 
equal to (7), the action becomes that 
described previously. Conversely, if the 
point (8) is at lower potential than 
(7) when clamp pulses occur, V21 con¬ 
ducts and restores the grid potential to 
that at (7). 
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Figure 8.4B. 

In checking the action of a clamper, 
since the important characteristic is the 
DC component, the oscilloscope must 
use the direct connection to the CRO. 
The most convenient point of checking 
overall action is point (9) which is the 
plate circuit of the stage whose grid is 
clamped. It is necessary to center the 
sweep beam (with sync and blanking 
signa1 applied as in. a composite all¬ 
black signal), and if the plate poten¬ 
tial deflects the CRO sweep off the 
screen and the beam cannot be cen¬ 
tered, it is necessary to use an external 
bias as shown. This, of course, removes 
the scope chassis from ground and cau¬ 
tion must be exercised in its use to 
avoid grounding contact. Only enough 
external positioning bias is needed to 
sufficiently neutralize the static poten¬ 
tial so that the centering control in the 
scope is effective. 
With the beam thus centered, and 

with blanking and sync pulses at their 
respective reference lines for the all¬ 
black signal, a mixed black and white 
video signal is applied and scope sweep¬ 
frequency adjusted to display the line 

frequency of 15,750 cps. The blanking 
level should occur at the same center 
position on the screen provided the 
clamper is properly working. If clamp¬ 
ing pulses are out of sync, the video 
will be hopelessly chopped to pieces by 
the random clamping pulses. If the 
damp is completely inoperative, the 
grid at point (8) is effectively shorted 
and no signal occurs. Emergency opera¬ 
tion such as might be necessary in the 
field could be carried on by removing 
the clamper tubes and inserting a fixed 
bias at point (8). Obviously this condi¬ 
tion would require constant attention 
to all picture controls and overall per¬ 
formance is poor. 
Faulty clamping action may be 

checked back through the clamp keying 
tube circuits and clamp pulse-former 
circuits by following the points in Fig. 
8.4B. Since pulses are now to be dis¬ 
played, the vertical amplifier of the 
scope is used with sweep set to display 
the line frequency of 15,750 cps. Tubes 
are always suspected first, and it is ad¬ 
visable to change all tubes in this chain 
to ascertain their effect on the clamp-
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ing action. If this does not clear the 
trouble, the scope is connected at the 
points shown until the first serious de¬ 
viation from the indicated waveforms 
occurs. The resistors and capacitors for 
that circuit, and in some cases in the 
preceding or succeeding stage, are 
checked point-to-point for component 
failure, by conventional methods. 

It is sometimes desirable to check the 
current waveform through an induc¬ 
tance such as a deflection yoke. When 
this is necessary, the yoke terminal 
point should be disconnected and a low 
value of resistance in the vicinity of 
10 ohms inserted in series with the yoke 
circuit. The scope may then be con¬ 
nected across this resistor and the cur¬ 
rent waveform displayed on the screen. 

If the engineer retains in his mind 
the effect of real or apparent resist¬ 
ance-capacitance values upon the re¬ 
sultant wave shapes, interpretation of 

scope patterns becomes practically au¬ 
tomatic with practice. The time-con¬ 
stant of any resistance-capacitance is 
their product, or RC. In curve (1), of 
Fig. 8.4C(1), the voltage rise across C 
for a short time constant is shown. 
Curve (2) depicts a longer time-con¬ 
stant, and curve (3) illustrates a still 
longer time-constant. It is noted that 
the shorter the RC product, the greater 
the amplitude of the instantaneous volt¬ 
age (e) in a given charging time (aT). 
The longer the time constant, the less 
the amplitude of the instantaneous (e) 
developed in a given time, but the slope 
is more gradual and practically linear 
in the low region. Another way of vis¬ 
ualizing the effect is to consider that 
the less the charging time for a given 
RC, the greater the linearity of the 
charging (e) across the capacitor. Thus 
the higher the frequency for a given 
time-constant, the more linear the de-

DIFFERENTIATOR, OR EQUIVALENT 
AMPLIFIER COUPLING CIRCUIT AT 
LOW FREQUENCIES 

INTEGRATOR CIRUIT, OR EQUIVALENT 
AMPLIFIER COUPLING CIRCUIT AT 
HIGH FREQUENCIES 

Figure 8.4C. (1) Effect of time constant on voltage appearing across "C” in an RC circuit. (2) Time 
constant — RC, where TC =  seconds, R = megohms, C — microfarads. 
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veloped voltage. The two common ar¬ 
rangements of RC is shown in Fig. 
8.4C(2). When the time constant is suf¬ 
ficiently short to affect the shape of the 
applied voltage wave, the circuit takes 
the form of a differentiator or inte¬ 
grator circuit as shown. Note also that 
the differentiator circuit is an equiva¬ 
lent circuit of any coupling network be¬ 
tween amplifiers at the low frequencies. 
The integrator circuit takes the form 
of an equivalent circuit at the high 
frequencies. (Preceding section 8.3.) 

Fig. 8.4D illustrates a fixed value of 
resistance (10,000 ohms) with three 
different values of capacitance to result 
in time-constants of 1000, 100, and 10 
micro-seconds respectively. Note that in 
the longest time-constant circuit (1000 
micro-sec) the voltage output across 
the capacitor (integrator voltage) is 
low in amplitude and strictly linear in 
nature. This is borne out in the curve 
of (3) in Fig. 8.4C( 1 ). The voltage 
output across the resistor (differentia¬ 
tor voltage) is only slightly affected in 
slope of the flat top. The other two 
time-constants show the effect upon the 
applied wave, corresponding to the (ca¬ 
pacitor) curves of Fig. 8.4C(1). It is 
also helpful to remember- that, as ob¬ 
served in Fig. 8.41), the polarity of the 
integrator voltage remains the same on 
the charge-discharge interval, while the 
differential voltage is driven in the po¬ 
sitive-negative directions. 

In circuits where wave shaping is 
highly important, some variable ele¬ 
ment providing adjustment of this time 
constant is usually employed. It should 
now be clear why it was emphasized in 
section 8.2 that all variable controls be 
noted and maintenance checks carried 
out on any circuits in which controls 
are aproaching an extreme end of the 
r ange provided. Capacitors or resistors, 
or both, may change in values over a 
period of time which seriously impair 
waveshape and/or linearity of form. 

Pulse measurements are very help¬ 
ful in preventive and priority mainte¬ 
nance of multivibrators and blocking¬ 
oscillators. Such circuits, being widely 
used in cameras, monitors, sync-genera-

SHORT TIME CONSTANT 
10 MICRO SECONDS 

Figure 8.4D. Examples of time constants and 
their RC Waveforms. 
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tors, etc., occupy considerable time in 
the maintenance division. Most of the 
manufacturers instructions accompany¬ 
ing such equipment include waveforms 
which should be present at the various 
pin terminals, and the peak-to-peak 
voltage which should prevail. IT IS 
VERY IMPORTANT FOR THE 
MAINTENANCE ENGINEER TO 
RUN ALL SUCH CHECKS WHEN 
THE EQUIPMENT IS IN GOOD 
WORKING ORDER. In this way he 
learns to observe “normal” patterns for 
his particulai- equipment used in test¬ 
ing, and any deviations in peak-to-peak 
voltages fron« those listed. The makers 
themselves admit that such values 
shown are only representative, and no 
strict conformity can be guaranteed for 
all circuits involved. 

Fig. 8.4E(1) illustrates a cathode-
coupled multivibrator in a typical saw¬ 
tooth wave generator. The scope sweep 
frequency is adjusted to display sev¬ 
eral cycles, the sweep frequency de¬ 
pending upon whether the saw is at line 
or field frequencies. Fig. 8.4E(2) shows 
representative waveforms obtained at 
the points designated. (The fundamen¬ 
tals of multivibrator and blocking os¬ 
cillator circuits were presented in sec¬ 
tion 2.3.) At point A may be observed 
the negative sync pulses applied be-
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tween grid and ground of Tl. Without 
these sync pulses, the circuit is free-
running with a natural frequency (ad¬ 
justable by R2), which is slightly lower 
than the desired frequency of opera¬ 
tion. Application of the negative pulse 
adds to the grid bias already existent 
from Rk causes the plate current of Tl 
to reduce. The resultant decreased volt¬ 
age drop across R3 raises the plate 
voltage of Tl, and this positive pulse 
(point B) is coupled to the grid of T2 
through C2. Thus T2 is pulsed from 
cut-off into conduction (point C) in¬ 
itiating the retrace slightly earlier than 
would have occurred if left in the free-
running condition. Thus the free-run¬ 
ning oscillation is raised slightly to the 
desired frequency by the sync pulse. 
The waveform at point D is that oc¬ 
curring across the common cathode re¬ 
sistance Rk at the retrace intervals. The 
waveform across the output capacitor 
C4 (saw-forming capacitance) is indi¬ 
cated in drawing E. Also indicated in 
Fig. 8.4E(1) is the waveform which 
would be observed if C4 were opened. 

Variation of resistor R4 varies the 
time-constant of R4C4, and therefore 
varies the amplitude across the saw¬ 
forming capacitor C4. Increasing R4 
(longer time constant) decreases the 
amplitude of the output (Fig. 8.4C). 
Similarly, decreasing R4 (shorter time¬ 
constant) increases the amplitude of 
the output. This adjustment also 
slightly affects the frequency if R2 is 
left undisturbed, since the plate voltage 
of T2 is affected which, in turn, affects 
the length of time which T2 is cut-off. 

The effect of C4 is the same as above, 
since any change in capacitance affects 
the time constant. For example, if C4 
should radically decrease in value 
(shorter time constant) the amplitude 
of the saw would be large, with poor 
linearity (Fig. 8.4C). Thus if the am¬ 
plitude must be cut-dawn by rotating 
R4 to its extreme maximum “off” posi¬ 
tion (maximum resistance), the result¬ 
ing linearity may be poor and any sub¬ 
sequent linearity controls may not be 
able to correct the waveform. 

If the design of the circuit is such 
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Figure 8.4E. (2) Voltage waveforms in Cathode — coupled multivibrator. 

Figure 8.4F. Most common symptoms and probable causes for multivibrator circuit shown in Figure 
8.4E(1). 

SYMPTOMS PROBABLE CAUSES (Tubes assumed good) 

Completey inoperative. C heck power supply terminals, continuity of wires. C4 opened 
cr shorted. R3 or R4 opened. Rk shorted or seriously decreased. 
Open or shorted C2. Open or shorted R2. Radically changed 
value of RI. 

Poor synchronization. 
Will not lock-in by hold-control. 

Radical change in value of R3. Insufficient applied sync 
amplitude. Large change in value of C2 or R2. Lowered 
value of R1. 

Insufficient output amplirude. Defective R4. Decrease in value of C4. Improper voltages 
from power supply. Raditally decreased value of R3. 

Poor IHearity. Seriously decreased value of R4. Decreased value of C4. 
Large increase in Rk. Improper applied voltages. Applied 
sync amplitude too large. 
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VOLTAGE WAVEFORM AT C 2 ) 
CSEE TEXT) 

VOLTAGE WAVEFORM AT C2 ) 
WITH C2 OPENED 

Figure 8.4G. Blocking — Tube oscillator and discharge circuit. 

that C4 is relatively large, opening of 
the capacitor will usually cause the 
multivibrator to cease oscillation. 
Where the design is such that C4 is 
relatively small, oscillations may con¬ 
tinue from stray-capacitance effects, 
but linearity, frequency and amplitude 
will be abnormal. A note of caution is 
given in this latter case: if a multivi¬ 
brator is inoperative, and starts oscilla¬ 
tion upon connecting the scope leads to 
the output terminals, the saw-forming 

capacitor should be replaced. Multivi¬ 
brators have been known to keep func¬ 
tioning after being “started” in this 
fashion, but may quit at any time. The 
condition is usually an indication that 
C4 is becoming faulty, or soldered con¬ 
nections are poorly made. 

In station monitors where a “fold-
over” in the picture occurs at the edge 
of the raster, and the sweep generator 
is similar to that under discussion, the 
cause may be an increased value of Rt-
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Figure 8.4H. Thyratron relaxation o cillator. 

The resultant increase of resistance in 
the discharge path increases the retrace 
time excessively. A serious decrease in 
the value of Rk will cause the circuit to 
stop oscillation. 

The typical symptoms and most prob¬ 
able causes of trouble in circuits simi¬ 
lar to Fig. 8.4E(1) are tabulated in 
Fig. 8.4F. 
A very common circuit employed at 

the station is the blocking oscillator¬ 
discharge tube circuit shown in Fig. 
8.4G. (Basically described in section 
2.3.) In this instance the applied sync 
pulse is of positive polarity. This pulses 
the blocking tube from cut-off into con¬ 
duction just prior to the retrace inter¬ 
val. Most of the troubles occurring in 
this circuit are similar to those men¬ 
tioned above, with some characteristics 
peculiar to it alone. Inadequate output 
amplitude may be caused by an abnor¬ 
mal increase in R2. Some slight non¬ 
linearity is normal at the bottom of 
the waveform at (2), point X, due to 
transformer action, but is readily re¬ 
moved in the following amplifier linear¬ 
ity controls. Abnormal non-linearity 
may be caused by decreased value of R2, 
which causes a shorter time-constant of 
R2C2, raising the amplitude but operat¬ 
ing over the non-linear charging char¬ 
acteristic of C2. This is again similar 
to the multivibrator circuit. A defec¬ 
tive transformer will also affect line¬ 
arity. Poor sync action, if proper sync 
amplitude is applied, may be the result 
of a radical change in R4. Incorrect fre¬ 
quency, which cannot be adjusted byr

RI, is likely the result of a defective 
Cl. 

Fig. 8.4H illustrates a typical gas¬ 
tube relaxation oscillator, and is self-
explanatory. This type of circuit is 
often used in station waveform moni¬ 
tors. 

Trouble-shooting of other types of 
special circuits are explained in their 
place in the following sections. 

8.5 The Master Monitor 

The mastei’ monitor itself is used in 
many of the test procedures on studio 
equipment. This section will concern 
itself with facilities provided in such 
equipment, testing the monitor, and its 
use in maintaining other equipment. 

One widely used and field-tested unit 
is the RCA TM-5A shown in front 
panel view in Fig. 8.5A. The complete 
block diagram of the monitor is pre¬ 
sented in Fig. 8.ÕB. The tube numbers 
and important jacks and switches are 
shown, and should be followed during 
the following discussion. Details of each 
circuit necessary to be given later will 
then be referred to this block diagram 
for proper orientation to the whole 
monitor. 

A total of four input connectors are 
provided, the two at the rear (JI and 
J2, Fig. 8.5C(1) ), being connected in 
parallel for applications where the 
Kinescope and Oscilloscope are to be 
driven from the same signal source. 
Connectors J4 and J.> on the upper 
right side of the unit (Fig. 8.3C(3) ), 
provide special low-capacity inputs per¬ 
mitting the picture tube and oscillo¬ 
scope to be operated from separate 
sources of information. For example, 
the monitor may be used in monitoring 
the picture output at the studio line, 
while the scope is used to check the 
waveform of some other unit. 

A 12 contact plug at the rear of the 
unit (Fig. 8.5C(1) ) provides connec¬ 
tion for all necessary input power and 
external sync pulse application. Power 
for the tube circuits and centering volt¬ 
age are obtained from an external regu¬ 
lated power supply Through this plug. 

At the top of the block diagram is 
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PICTURE 

Figure 8.5A. Front panel of latest version of RCA TM-5A master monitor. (Note difference from earlier 
model in Figure 3.8A, Chapter 3.) 

the CRO picture amplifier. The switch 
SW-3 controls relay KI in the grid cir¬ 
cuit of the first tube which permits the 
operator to transfer the output of the 
voltage calibration tube V2 to the in¬ 
put of VI. Use of this circuit is de¬ 
scribed later. A CRO grid terminal is 
located on the rear terminal plate of the 
unit (Fig. 8.5C(1) ), so that timed 
pulses may be inserted to set frequency 
markers on the trace. 

The kinescope picture amplifier is 
shown at the center of the block dia¬ 
gram. Switch SW-6 (Fig. 8.5C(3) ), 
selects either the paralleled or separate 
input connectors. Switch SW-1 (same 
photo), selects one of two ways to 
drive the monitor. The position of SW-1 
shown in the block diagram is the 
DRIVE position, in which driving 
pulses are obtained from the studio 
sync generator and fed directly to the 
grids of V13. The pulsed outputs of 
the two sections of V13 (a GSN7-GT) 

then directly trigger the discharge sec¬ 
tions of the V and H saw generator 
tubes V15 and V22. That is, with the 
SW-1 set in the DRIVE position, the 
blocking oscillator sections of V15 and 
V22 are rendered inoperative by open¬ 
ing the cathode circuits. The monitor 
is used in this way when checking any 
circuits in which the sync pulses are not 
present, such as cameras, control units, 
film chains, etc. 

When a complete signal is to be moni¬ 
tored, such as that existing at the 
studio output line or incoming network 
or remote relay signals, switch SW-1 
is set in the SYNC position. In this 
case, the H and V sync pulses are sepa¬ 
rated by an R-C network in the plate 
of V12, after the entire (H and V) 
sync pulses had been clipped from the 
video signal in the previous Vil and 
coupling stage. The output of V13 then 
triggers the H and V blocking oscilla¬ 
tor section of V15 and V22. 
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Figur-e 8.5C. (1) Rear View. 

It should be noted that V19 is a half-
frequency generator for the CRO wave¬ 
form monitor. Either line or frame fre¬ 
quency is divided by 2, selected by 
switch SW-2. 

The only unfamiliar circuit to the 
reader who has progressed thus far 
in the text is that associated with V29, 
the focus control for the kinescope pic¬ 
ture tube. This tube is simply an elec¬ 
tronic regulator which serves to hold 
the current in the focusing coil at a 
constant value to produce a steady mag¬ 
netic focusing field. A resistor in the 
cathode circuit is used to adjust focus¬ 
ing. 
The calibration tube V2 is a 6AL5 

double diode which acts as a double 
clipper to develop a pulse (obtained 
from the H deflection yoke) across 
R295. See Fig. 8.5D. When the unit is 
in adjustment, the voltage across R295 
is exactly 10% of the DC voltage ap¬ 
pearing at the center arm of the CALI¬ 
BRATION ADJUST potentiometer 
Rill. Since this latter voltage is pro¬ 
portional to the regulated B+ voltage, 

the calibration pulse amplitude will re¬ 
main constant after adjustment for a 
particular level. Thus Rill is used to 
set the voltage developed across R295 
to the desired level. It is recalled that 
most stations now use a 1.4 volt peak-
to-peak value for composite signal out¬ 
put at the studio line. If used to check 
non-composite signals such as would oc¬ 
cur if the monitor were used as a cam¬ 
era monitor, the adjustment would be 
for 1 volt. Some stations still use the 
older standard 2 volt peak-to-peak com¬ 
posite level. In practice, power is turned 
off and a VTVM connected to J6 (in 
the newer models) or between the cen¬ 
ter terminal of Rill and ground in the 
older models. These are located on the 
right side as shown in Fig. 8.5C(3). 
The adjustment is then made with 
power turned on by adjusting the 
CALIBRATION CONTROL until a 
reading of 10 times the desired peak-
to-peak voltage is indicated at this 
point. The pulse applied from the yoke 
may be observed on a calibrated oscil¬ 
loscope connected at pin (1) as shown, 
with sweep set to observe the line fre¬ 
quency pulses. Due to capacitive load¬ 
ing effects, it is not advisable to check 
the actual voltage output at pin 5. It is 
noted that about a 25-volt peak is pres¬ 
ent at pin 1, and is negative at this point, 
thus the pulse across R295 would be in 
the negative direction as displayed on 
the CRO waveform monitor with the 
“Calibrate” switch on the front panel 

Figure 8.5C. (2) Side view — left. 
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Figure 8.5C. (3) Side view — right. 

operated (see Fig. 8.5A). It is standard 
that sync be displayed in the negative 
direction on waveform monitors. Thus 
the outgoing level may be conveniently 
checked and adjusted by use of the 
master monitor, by comparing the am¬ 
plitude of the applied video waveform 
with that of the calibration pulse. 
Whenever a new kinescope picture 

tube must be installed, it may be neces¬ 
sary to re-adjust the focus coil from the 
factory or previous alignment. This coil 
is perhaps more accurately visualized 
as an alignment coil as well as focusing, 
since the magnetic field corrects for any 
mis-alignment of the electron gun in 
the tube. When it is necessary to use 
different settings of the focus control 
for optimum focus in the corners as 
compared to the center of the raster, 
the coil should be re-adjusted. In ex¬ 
treme cases the sides of the raster are 
curved as a result of the beam striking 
the neck of the tube. Two screw adjust¬ 
ments are located on the rear of the 
unit shown in Fig. 8.5C(1) which are 
directly behind the focus coil. The up Figure 8.5C. (4) Top View. 
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Figure 8.5D. Calibrator circuit of TM-5A Master Monitor. 

per adjusting screw tilts the focus coil 
in the horizontal plane. The lower one 
moves the coil in the vertical plane. 
These must be adjusted for optimum 
corner focus and straightness of raster 
sides. If only one side of the picture is 
convex, the focus coil is tilted so that 
the resulting raster moves away from 
the side appearing convex. 

Kinescope controls on the front panel 
(see front view) are the FOCUS, 
BRIGHTNESS and CONTRAST con¬ 
trols. The kinescope CENTERING, 
HEIGHT, and WIDTH controls are lo¬ 
cated on the top of the unit just behind 
the front panel. 
The CRO waveform monitor controls 

located on the front panel are: FOCUS, 
BRIGHTNESS, CALIBRATE, and 
VERTICAL-HORIZONTAL selector 
switch which selects either V or H 
waveform for display on the CRO. This 
is a push-button type switch, and is 
pushed “In” to select the Vertical wave¬ 
form. To release the switch, it is 
pressed momentarily to the end of its 
travel, then released, at which time it 
will spring all the way forward. This 

selects the Horizontal waveform. This 
is SW-2 in the block diagram. Main¬ 
taining such switches in prime operat¬ 
ing condition is of the utmost impor¬ 
tance to avoid troublesome waveforms 
difficult of analyzing. Mountings should 
be periodically inspected for firmness, 
and terminal connections for tightness 
and cleanliness. In operating the mech¬ 
anism observe that the parts move 
freely with no tendency to bind. The 
stationary spring contacts should have 
good tension and make good electrical 
contact. The points of contact between 
the moving blade and spring terminals 
should be cleaned at specified intervals 
with crocus cloth dipped in a good 
cleaning fluid. If binding is noticed, 
apply a “drop” of instrument lubricat¬ 
ing oil from the end of a clean tooth¬ 
pick. Keep oil off the electrical con¬ 
tacts ! 
The WIDTH control for the CRO is 

on top of the chassis, and the GAIN 
control is bracket mounted on the right¬ 
front side of the chassis. The H and V 
controls on the bottom of the front 
panel are the picture “HOLD” controls. 
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Figure 8 5E. Simplified schematic of RCA TM 5A master monitor in which important alignment trans¬ 
formers ate present. (See text.) 
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These need no adjustment when the 
unit is used in the “driven” condition, 
but are adjusted to hold the picture 
when monitoring composite signals. 

All master monitors as well as this 
particular monitor under analysis have 
circuits which periodically need align¬ 
ment, especially if used as portable and 
field equipment, or after major main¬ 
tenance has been necessary on the cir¬ 
cuits. This alignment is different than 
that discussed for master monitors in 
section 6.2, which concerned correct ad¬ 
justment of aspect ratio and linearity 
of sweeps so that the operator is as¬ 
sured of correct camera adjustment. 
The adjustments concerned here are 

those of the shunt and series peaking 
transformers in the picture and wave¬ 
form amplifiers. We will first examine 
how the high-frequency alignment is 
carried out in typical maintenance pro¬ 
cedure where such alignment is deemed 
necessary. 

The kinescope socket which slips onto 
the base pins of the picture tube after 
it is mounted (see Fig. 8.5C(4) ) is 
removed for this alignment. See Fig. 
8.5E during the following discussion. 
Terminal 6 of this socket is the cathode 
connection, and terminal 7 is the grid. 
The detector for the scope input is 
placed across these terminals with an 
isolation capacitor in series with the 
cathode lead. SW-6 is turned to the 
DOWN position, which selects the com¬ 
mon jacks JI and J2. With the sweep 
generator connected to one of these 
jacks, and the kinescope CONTRAST 
control set to maximum, transformers 
T105 and T104 should be aligned in 
that order. For this procedure, refei¬ 
to previous section 8.3. The response 
should be essentially flat to 7 mega¬ 
cycles in the TM-5A. If alignment is 
seriously out of adjustment, it is ad¬ 
visable to first connect the sweep gen¬ 
erator between pin 4 (control grid) and 
ground of V10 for alignment of T105, 
then back to the input jack for align¬ 
ment of T104. 
The high-frequency response of the 

CRO amplifier may be checked by use 
of the undetected waveform on the moni¬ 

tor scope itself. To do this, SW-2 is 
placed in the VERTICAL (in) position, 
and a 0.5 volt signal from the sweep 
generator applied to one of the common 
input jacks JI or J2. Alignment of 
T101, T102 and T103 is made by ob¬ 
serving the pattern on the master moni¬ 
tor CRO screen. This response should be 
essentially flat to 4 megacycles, and the 
axis tilt should be less than 15% of the 
peak-to-peak amplitude. When adjust¬ 
ments prove ineffective in obtaining the 
required high-frequency response, each 
stage must be checked individually until 
the stage in which the deviation occurs 
is isolated. Components of this stage 
are then checked by conventional test 
methods. 

Low-frequency response of this sec¬ 
tion is measured by leaving SW-2 in 
the VERTICAL position (in), and feed¬ 
ing the output of a 60 cycle square wave 
generator at an amplitude of 1 volt 
peak-to-peak, into JI or J2. With the 
CRO GAIN control set to give a 1" 
deflection on the screen, the tilt should 
be less than 5%. (Section 8.3.) If not, 
stages should be checked individually 
until the faulty stage is isolated. The 
most likely sources of poor low-fre¬ 
quency response are changed values of 
coupling or decoupling capacitors, cou¬ 
pling or decoupling resistors, or follow¬ 
ing stage grid resistance. 

To check the low-frequency response 
of the kinescope amplifier, the picture 
tube socket may be returned to the pins 
of the kinescope, and the test oscillo¬ 
scope (without detector) vertical termi¬ 
nals connected from pin 3 on VI1 to 
ground. With a 60 cycle square-wave 
at an amplitude of 1 volt p-p applied 
to JI or J2, and the CONTRAST con¬ 
trol left at maximum position, the tilt 
should be less than 5%. 
Since the waveform monitor of the 

master unit is often used to indicate 
the final video level as it leaves the 
studio for the transmitter, the operator 
may find a choice of two pattern char¬ 
acteristics associated with this circuit. 
(Review video levels, sections 3.5 and 
6.4). For example, the RCA TM-6A 
master monitor, under development at 
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Figere 8.5F Appearance of monoscope camera signa waveform on CRO with different response 
characteristics. (1) is a normal signal on wide band scope. (2) is same signal displayed on same 
scope, but with artificially produced overshoots in s gnol. (3) s same signal as (If, out displayed on 
scope whose amplifier is rolled-off as. in- IRE specifications. (4) is same signal as (2), on !RE roll off 

characterise s. 
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Table 8.5G. 

db loss voltage ratio db loss voltage ratio 

zero 1.0 8.0 0.39 

1.0 0.89 9.0 0.35 

2.0 0.79 10.0 0.31 

3.0 0.70 11.0 0.28 

4.0 0.63 12.0 0.25 

5.0 0.56 13.0 0.22 

6.0 0.50 14.0 0.19 

7.0 0.44 15.0 0.17 

the time of this writing, incorporates a 
variable vertical amplifier response for 
the CRO waveform oscilloscope. In the 
normal wide-band position, the response 
is essentially flat to 4.5 megacycles. 
When used as level measurement only, 
the response is “rolled-off” at the high 
end as illustrated in the IRE curves of 
Fig. 8.5F. The solid line indicates the 
recommended roll-off, with the dashed 
lines showing allowable tolerances in the 
amplifiers response for level measure¬ 
ments. 

In this Fig., (1) is the normal appear¬ 
ance of the waveform displayed on a 
wide-band scope when the signal input 
is from a monoscope camera. Note that 
this pattern is capable of indicating 
quality of signal as well as level in am¬ 
plitude, showing distribution of lights 
and darks in the pattern, and good 
shading characteristics. In (2) is the 
same monoscope signal with artificially 
produced overshoots (transients), as 
displayed on the same wide-band scope. 
It is recalled from previous sections 
on video level interpretations that these 
characteristics lead to major differ¬ 
ences in handling overall gain by differ¬ 
ent operators. As a result of a study 
from which the IRE standard men¬ 
tioned in the Fig. were compiled, it was 
found that such roll-off characteristics 
reduced disagreements among operating 
personnel concerning levels, and still 
provided sufficient indication of over¬ 

shoot so that an undue amount would be 
apparent. (3) in Fig. 8.5F is the pat¬ 
tern produced from signal (1) on the 
narrow band-width CRO. Note that, 
since highs are reduced in response, the 
entire pattern appears of the same in¬ 
tensity. From the same characteristics, 
the overshoots of (2) when displayed as 
in (4) are not as apparent (except in 
the “black” region), and a more uni¬ 
form level indication results. 

In installations where such facilities 
are provided, the maintenance depart¬ 
ment should be charged with the re¬ 
sponsibility of periodically checking 
this roll-off characteristic of the moni¬ 
tor. From the curve in the Fig., the 
largest amount of roll-off that should 
be allowed is 14 db down at 4 mega¬ 
cycles. A greater amount of attenuation 
of the highs would allow serious over¬ 
shoots occurring over- relatively long 
periods of time to pass unnoticed with 
consequent carrier cut-offs in the white 
region. (Where white-peak limiters are 
used at the transmitter, the result 
would be serious compression of the 
gray scale in the signal). This response 
characteristic may be conveniently 
measured by means of the sweep gener¬ 
ator method previously described, using 
the marker generator, and a voltage 
calibrator for the scope. Table 8.5G 
lists the decibel loss to the correspond¬ 
ing voltage ratio. 
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Other technical characteristics of the 
master monitor will be described in the 
next section on the sync generator, 
where the monitor is used for pulse-
cross observation. 

8.6 Maintaining the Sync Generator 

The sync generator, basically de-
scribea in section 6.9, will be discussed 
in this section relative to maintenance 
procedures, measurement of pulse 
widths and timing relationships, and 
possible troubles with most likely reme¬ 
dies. The complete block diagram for 
the RCA TG-1A sync generator was 
given in section 6.9 for purposes of il¬ 
lustrating the overall functioning of the 
circuits. For the special analysis in the 
present section, Fig. 8.6A is presented. 
This block diagram omits the oscillo¬ 
scope driving pulse circuits, while the 
other circuits are given with the asso¬ 
ciated tube numbers. For example, the 
60 cycle lock circuit in the pulse-former 
unit shows the numbers 1-2-3-7, desig¬ 
nating the circuits in which tubes VI, 
V2, V3, and V7, appear. The table in 
Fig. 8.6B lists the tube symbol num¬ 
bers, the type of tube, and circuit func¬ 
tion. Tube numbers not listed are those 
associated with the oscilloscope wave¬ 
form driving signals with which we are 
not concerned in this study. The signal 
formations of the horizontal and verti¬ 
cal driving signals (for terminal equip¬ 
ment only) and those actually trans¬ 
mitted, the composite sync and blanking 
signals, are those under present an¬ 
alysis. As illustrative examples of be¬ 
coming acquainted with possible symp¬ 
toms of trouble and their possible cause, 
the following is presented: 

COMPLETELY INOPERATIVE. (No 
signal at any coaxial line output termi¬ 
nal): First, note the glass tube fila¬ 
ments to see if they are on. If not, line 
voltage is either off at the sync gener¬ 
ator terminals or the circuit-breaker 
switch on front panel is defective. If 
filaments are on, the most likely source 
of trouble is in the associated power 
supply which supplies plate voltages to 
the tubes. If this supply checks normal 

(250 volts), the next most likely source 
is either- tube Vil (master oscillator), 
or the following clipper tube V8. Obvi¬ 
ously if either one of these circuits is 
not functioning, no signal will appear 
at any output terminal. 

ALL 60 CYCLE VERTICAL SIGNALS 
ABSENT. Since all field pulses are ab¬ 
sent, the likely source of trouble would 
be in the 7-5-5-3 counter division chain. 
This includes tubes V6. V9, VIO, V12, 
V13, V16, V17, V20 and V24. The opera¬ 
tion of these circuits are readily checked 
by the COUNTER INDICATOR switch 
in conjunction with the panel indicator 
tube. In this particular sync generator, 
the count-down appears as dots in a 
vertical line on the indicator screen. 
Thus with the counter indicator switch 
on the 4500-7 position (this indicates 
that the frequency division of the 31.5 
kc master oscillator is divided by 7 to 
give 4500 pps), the proper functioning 
of the 7 to 1 counter results in 7 dots 
appearing on the screen. (The FRE¬ 
QUENCY CONTROL switch at top of 
panel should be in the OFF position for 
these checks. This is described more 
fully later). The next two counter posi¬ 
tions should show 5 dots, and the last 
position should show 3 dots. The first 
stage which results in only one dot ap¬ 
pearing on the screen is the defective 
circuit. 

VERTICAL DRIVING SIGNAL AB¬ 
SENT. If all other 60 cycle signals are 
present, the only possible sources of 
trouble are the circuits associated with 
V49 and LA55. V49 is the vertical drive 
multivibrator, and may be checked as 
described in section 8.4. LA55 is the 
6AG7 vertical drive line amplifier output 
stage, and is checked in the conventional 
manner. ALWAYS REMEMBER THAT 
VACUUM TUBES PROVE TO BE 
THE TROUBLE IN 90% OF FAULTY 
OPERATION. 

VERTICAL BLANKING SIGNAL AB¬ 
SENT. If H blanking signals are pres¬ 
ent, the only source of trouble is the 
circuit of V37. 
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Figure 8.6A. Block diagram of RCA TG-1A sync generator with tube “V" numbers of each circuit 
shown. (Osc. driving signals omitted.) 
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Figure 8.6B. Table of tube designations and circuit functions for block diagram of Figure 8.6A. There 
are a total of 60 tubes in the RCA TG-1A sync generator. Those not shown are either in the oscillo¬ 

scope driving circuits or indicator circuits. 

Symbol Type Circuit Function Symbol Type Circuit Function 

VI 6H6 Discriminator V36 6SL7-GT Notch. Pulse MV 

V2 6H6 Discriminator V37 6SL7-GT V. Blank. MV 

V3 6SL7-GT Crystal Osc. and Clipper V38 6AC7 Part of V. Pulse MV 

V6 6AC7 Buffer V39 6AC7 Part of Eq. Pulse MV 

V7 6AC7 Buffer V40 6L7 Mixer 

V8 6SN7-GT Clipper V41 6AC7 Pari of H. Pulse MV 

V9 6H6 Counter V42 6AC7 Part of H. Pulse MV 

V10 6SN7-GT Block. Osc. and Amp. V43 6SL7-GT V. Pulse Delay MV 

VI 1 6SN7-GT 31.5KC Osc. V44 6SL7-GT Blank. Mix and Clipper 

V12 6H6 Counter V45 617 Mixer 

V13 6SN7-GT Block. Osc. and Amo. V46 6SL7-GT Sync. Mix. and Clipper 

V14 6AC7 Buffer V47 6SL7-GT Sync. Mix. and Clipper 

VI 5 6AC7 Reactance Tube V48 6SL7-GT H. Blanking MV 

. V1Ó 6H6 Counter V49 6SL7-GT V. Drive MV 

V17 6SN7-GT Block. Osc. and Amp. V50 6SL7-GT Blanking Clipper 

V18 6SN7-GT Block. Osc. and Amp. V51 6SL7-GT No. of V. Pulses MV 

] V19 6H6 Counter V52 6SL7-GT Sync. Mixer and Clipper 

V20 6H6 Counter V53 6SN7-GT Sync. Clipper 

V24 6SN7-GT Block. Osc. and Amp. V54 6SL7-GT H. Drive MV 

V28 6SL7-GT Multivibrator V55 6AG7 Vertical Drive Output 

V31 6SN7-GT Buffer V56 6AG7 Blanking Output 

V32 6AC7 Part of V Pulse MV V58 6L7 Mixer 

V33 6AC7 Part of Eq. Pulse MV V59 6AG7 Sync. Output 

V34 617 Mixer V60 6AG7 H. Drive Output 

V35 6SL7-GT Clipper and Buffer 

NO BLANKING SIGNAL. If no signal 
appears at LA56, the sources of trouble 
would be LA56, V50, or V44. 

HORIZONTAL BLANKING SIGNAL 
ABSENT. If V blanking signal is pres¬ 
ent, the only possible source of trouble 
is the circuit of MV48. 

ALL 15,750 CYCLE HORIZONTAL 
SIGNALS ABSENT. Since all H sig¬ 
nals are absent, the trouble is in the 2-1 
counter stages associated with tubes 
V14, VI8 and V19. See the table of Fig. 
8.6B for exact functioning of each tube. 

HORIZONTAL DRIVING SIGNAL AB-
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SENT. If all other pulses are ok, the 
sources of trouble are the multivibrator 
V54 or the line amplifier V60. 

SYNCHRONIZING SIGNAL ABSENT. 
Other pulses being ok, the only sources 
of trouble would be circuits associated 
with V59 and V53. Note that trouble in 
any of the earlier stages in this chain 
would not “kill” the sync signal, but 
it would be defective as outlined in the 
following paragraphs. 

EQUALIZING PULSES ABSENT. If 
all other sync pulses are present, the 
sources of trouble are in V31, V33, V39 
or V46. See the table, Fig. 8.6B for 
exact functioning of each tube. 

HORIZONTAL SYNC PULSE ONE-
HALF NORMAL WIDTH. In this case, 
it is assumed that the HORIZONTAL 
PULSE WIDTH control is operated 
and found to be ineffective. This con¬ 
trol is in the grid circuit of V42, which 
is part of the horizontal sync multi¬ 
vibrator V41 and V42. This MV is trig¬ 
gered from the 15,750 cycle delay-line 
through a clipper-buffer stage V35. A 
positive pulse from this MV feeds the 
first grid of mixer V40, while a 60 cycle 
negative pulse is applied to the third 
grid of this tube. This is a keying-out 
pulse obtained from the Number of 
Equalizing Pulses Multivibrator V28. 
The output of mixer V40 then contains 
15,750 cps pulses except during the time 
of the 60 cps pulse intervals. This feeds 
the clipper stage V52, which has a load 
resistor common to the other clippers 
shown, V46 and V47. At this common 
plate load resistor of the sync mixers, 
the leading edge of the equalizing pulse 
becomes the leading edge of both H and 
V sync pulses. Therefore if V35, V41, 
V42, V40 or V52 should be inoperative, 
the width of the H sync pulse would 
actually be equivalent to the equalizing 
pulse, which is approximately one-half 
that of normal H sync, and the H pulse 
width control would be ineffective. 

APPEARANCE OF HORIZONTAL 
PULSES INSTEAD OF EQUALIZING 
PULSES. Certain deficiencies could 
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Figure 8.6C. 

cause horizontal sync pulses to appear 
in the vertical blanking interval in the 
normal place of the equalizing pulses. 
Remember that the vertical sync signal 
is a composite signal in itself, consist¬ 
ing of six equalizing pulses, followed by 
six serrated vertical sync pulses, fol¬ 
lowed by six more equalizing pulses, 
followed by horizontal sync pulses. Ob¬ 
serve the block diagram during the fol¬ 
lowing discussion. A buffer tube V35 
receives a pulse from the 15.75 kc delay 
line which triggers the horizontal sync 
pulse multivibrator V41-42, the output 
of which feeds the mixer stage V40. It 
is noted this mixer also receives a 60 

Figure 8.6D. Front view of RCA TG-1A sync 
generator. 
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cycle pulse from the “number of equal¬ 
izing pulses” multivibrator V28. These 
are keying-out pulses which serve to 
eliminate the horizontal sync pulses 
during the vertical sync interval. There¬ 
fore if V28 should become inoperative, 
the horizontal pulses would appear dur¬ 
ing the normal equalizing pulse inter¬ 
val as well as at their regular intervals. 

APPEARANCE OF EQUALIZING 
PULSES BETWEEN HORIZONTAL 
SYNC PULSES. Fig. 8.6C illustrates 
the action to be discussed. Ir (1) is il¬ 
lustrated the equalizing pulses. The 
pulses which triggers the horizontal 
sync multivibrator is delayed with re¬ 
spect to the start of the equalizing 
pulse by the 15.75 kc delay line. Respec¬ 
tive delays from these lines are ob¬ 
tained by tapping off at the proper 
length down the delay line circuits, 
which consists of a series of lumped in¬ 
ductances and capacitances. (See Fig. 
8.6F.) All of the sync signals are added 
together in the common plate load re¬ 
sistor of the clippers V46-47 and 52. In 
(2) is shown the delayed H pulses, while 
(3) illustrates the addition to the equal¬ 
izing pulses in the common resistor. 
This is the algebraic sum of the pulses, 
and it is noted that the leading edge of 
the sync pulse is now coincident with 
the leading edge of the equalizing pulse. 
During the H interval, the extra equal¬ 
izing pulse must be eliminated. Other¬ 
wise an equalizing pulse would appear 
between each H sync pulse. This is ac¬ 
complished by notching pulse multivi¬ 
brator V36. This MV is triggered from 
the start of the 15.75 kc delay line, 
therefore co-incident with the start of 
the equalizing pulses. (4) in Fig. 8.6C. 
The notching pulse, at the output of 
clipper V47 (therefore added to the com¬ 
bined sync pulses in the common load 
resistor) is a square wave with oppo¬ 
site amplitude excursion to the equaliz¬ 
ing pulse as shown. This is known as 
amplitude separation, in which used and 
unused equalizing pulses are separated, 
and the unused pulse eliminated. The 
pulses are clipped in clipper V53, and the 
H interval then appears as in (5). The 

Figure 8.6E. Rear view of puise former unit. 

notch pulse is cut-off during vertical 
intervals by the blanking pulse applied 
to mixer V34, so that normal equaliz¬ 
ing pulse intervals occur when needed 
during this interval. 

Therefore, if an equalizing pulse ap¬ 
pears between H sync pu’.ses during the 
line interval, the trouble would lie in 
V36, V.34 or V47. 

It may be noted from typical troubles 
mentioned previously, that testing and 
trouble shooting mostly involves block¬ 
ing oscillators, multivibrators and clip¬ 
per circuits. The testing of the first two 
has already been described. Clippers are 
most conveniently tested by applying a 
square wave from a suitable generator 
to the input of the stage to be tested, 
of approximately the same duration and 
recurrence rate as the pulse normally 
applied in the circuit. The pulse ampli¬ 
tude should not vary substantially as ob¬ 
served on an oscilloscope at the output. 

Counter circuits are readily checked 
since all sync generators employ some 
form of indicator tube to check their 
operation from the front panel. The 
most likely cause of a malfunctioning 
counter other than the tube itself is a 
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Figure 8.6F. Rear-View pulse shaper. 

changed value of time-constant in the 
RC circuit which triggers the counter 
in operation. (Section 6.9.) 

It should be noted from the block 
diagram that three multivibrators are 
used to obtain the required six vertical 
sync pulses. The output of the V pulse 
delay multivibrator V43, triggered from 
the 60 cycle bus, is differentiated and 
fed to mixer tube V45 which also re¬ 
ceives the pulses from vertical pulse 
MV, V32-38. The output of V45 keys 
the number of vertical pulses MV, V51, 
the output of which is fed to mixer 
V58. This mixer also receives the pulses 
from the vertical pulse MV. The output 
of V58 then keys-in the vertical sync 
pulses. Therefore, the VERTICAL 
PULSE DELAY control on the front 
panel is adjusted to get six equalizing 
pulses precedida the vertical sync 
pulses, while the NUMBER OF 
EQUALIZING PULSES control is ad¬ 
justed to get six equalizing pulses 
following the V sync pulses. 

Pulse outputs at all the line ampli¬ 
fiers are 4 volts peak-to-peak across 
a 75 ohm load. Either positive oi' nega¬ 
tive polarity outputs are obtainable in 
the studio sync generator. Field sync 
generators provide only the standard 
negative polarity output. 

If for any reason the master oscil¬ 
lator must be re-adjusted for its “on 

frequency” condition, a portable oscil¬ 
loscope is necessary to carry out the 
following procedure:* 
1. Connect a 60 cycle sine-wave source 
of suitable amplitude to the horizontal 
deflection terminals of the scope. 

2. Connect the 60 cycle pulse output 
of the synchronizing generator to the 
vertical deflection terminals, then pro¬ 
ceed as follows: 

a. Adjust the slug in the oscillator 
transformer (T3, see Fig. 8.6D) to the 
extreme clockwise position. 
Set the AFC TIME CONSTANT 

SWITCH (RI) to position 4 (this is the 
longest time constant position), and 
the FREQUENCY CONTROL switch 
(S-3) to the 60 cycle position. 
c. Connect a vacuum tube voltmeter 

across C5 (Fig. 8.6E). This capacitor 
is in the cathode circuit of the AFC 
discriminator 6H6, VI. Adjust R140 un¬ 
til the voltage is zero. (This is the AFC 
balance resistor). 
d. Operate the FREQUENCY CON¬ 

TROL switch to the OFF position. 

3. Adjust the slug in the oscillator 
transformer T3 until the 60 cycle pulse 
from the sync generator remains ap¬ 
proximately stationary on the scope 
screen. (The OFF position is free-run-

*Courtesy RCA 
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naig). The 31.5 kc oscillator is now on 
frequency. 

Six adjustments are provided to ob¬ 
tain the desired synchronizing signal. 
The scope may be connected to pin 2 of 
V53 (this is the plate of the first sec¬ 
tion of the sync clipper) and the CLIP¬ 
PING LEVEL control adjusted for an 
amplitude of 22.5 volts. This is a screw¬ 
driver control on the front panel of 
the pulse-shaper unit. (Fig. 8.6D.) See 
Fig. 8.6F for location of V53 and other 
components discussed previously). The 
fallowing adjustments are made while 
observing the signal: 

1. Adjust the NUMBER OF EQUAL¬ 
IZING PULSES control until the total 
of equalizing and vertical synchronizing 
pulses equals 18. 

2. Adjust the VERTICAL PULSE DE¬ 
LAY control until six equalizing pulses 
occur before the first vertical sync 
pulse. 

3. Adjust the NUMBER OF VERTI¬ 
CAL PULSES control until six vertical 
sync pulses appear in the V7 sync inter¬ 
val. 

4. The remaining 3 adjustments should 
be made while observing the syne signal 
across the 75 ohm termination at the 
bottom of the panel. (See Fig. 8.6F.) 
Adjust the width of the equalizing 
pulse, the vertical pulse and the hori¬ 
zontal pulse by means of the respective 
designated controls on the front panel. 
Check the amplitude of all output 

pulses. These should read 4 volts peak-
to-peak. 

Adjust the vertical driving, horizontal 
driving, vertical and horizontal blank¬ 
ing pulses to the required width by ro¬ 
tating the corresponding width con¬ 
trols on the panel. For most uses it is 
recommended that the respective driv¬ 
ing widths be 0.04 of the vertical inter¬ 
val and 0.10 of the horizontal interval. 

Phase Shift Control. (Top of panel 
Fig. 8.6D.) (RI.) When motion picture 
films are used in con junction with an in¬ 
termittent type film projector and icono¬ 
scope film camera, it is necessary that 
the film projector be synchronous and 

phased with the iconoscope-deflection 
system within approximately 4 degrees. 
This is necessary so that the period 
during which the projector shutter ex¬ 
poses the iconoscope to light falls with¬ 
in the interval of the vertical blanking 
pulse. Otherwise spurious light-streaks 
will occur. The above condition is estab¬ 
lished by driving the projector with a 
synchronous motor operating on the 
same 60 cycle power system as the sync 
generator. Thus when the sync gener¬ 
ator is run in the 60 cycle lock-in posi¬ 
tion, it is only necessary to adjust the 
phase of the sync pulses of the sync 
generator relative to that of the 60 
cycle supply so that the projector shut¬ 
ter opening occurs at the proper time. 
The PHASE SHIFT control provides 
the means for this adjustment. 

In checking the widths and delays of 
the pulses from a sync generator, the 
pulse-cross method is the most con¬ 
venient, rapid and accurate method in 
all but the most elaborately equipped 
stations. The interpretation of this pat¬ 
tern was included in section 6.9. It is 
the purpose of this further discussion 

Figure 8.6G. Two types of 60~ phase shifters 
suitable for timing multivibrator type of oscil¬ 

lator for pulse-cross. 
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Figure 8.ÓH. Modifications of RCA TM-5A for vertical sweep phasing and expansion. 

to point out the actual means of pro¬ 
ducing such a pattern and maintenance 
implications. 

The pulse-cross is usually produced 
upon the master monitor picture tube 
rather than an oscilloscope. It is simply 
necessary that the phase of each scan¬ 
ning oscillator (horizontal and verti¬ 
cal) be shifted from the phase position 
normally used. When a composite pic¬ 
ture signal is then applied to the video 
amplifiers, the line frequency and field 
frequency blanking intervals are dis¬ 
played on the picture tube in the nor¬ 
mal position of the picture only. Some 

engineers prefer to invert the composite 
picture signal from the polarity nor¬ 
mally applied, so that the signal ap¬ 
plied to the kinescope is black positive 
rather than black negative. When this 
is done, the sync signals appear white, 
blanking and black level gray, and pic¬ 
ture highlights content black. The pre¬ 
vailing practice, however, is to apply 
signal of normal polarity and increase 
the brightness of the kinescope so that 
sync is black, blanking gray, and pic¬ 
ture highlight content white. 

As pointed out in section 6.9, it is de¬ 
sirable for the vertical interval to be 
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both phased and expanded, so that the 
actual number and position of the equal¬ 
izing and vertical sync pulses may be 
counted and accurately measured. The 
horizontal interval is phased but not 
expanded. 

The vertical phasing and expansion is 
easiest to obtain in most types of moni¬ 
tors. Monitors which employ a multi-
brator as the vertical sweep oscillator 
are arranged to trigger from a 60 cycle 
sinewave through an adjustable phas¬ 
ing network under control of the oper¬ 
ator. The 60 cycle signal may be taken 
from the power line. One such arrange¬ 
ment is illustrated in Fig. 8.6G. 

In monitors employing a blocking os¬ 
cillator as the vertical sweep generator, 
such as the RCA TM-5A described pre¬ 
viously, it is only necessary to apply a 
60 cycle voltage of certain amplitude 
from a filament tap, to the triggering 
point of the tube with normal triggering 
connection removed. The engineer will 
find a number of dilferent methods of 
accomplishing this has been practiced, 
mostly by means of a switching ar¬ 
rangement which switches the proper 
connections for either normal operation 
or to produce the pulse-cross. Fig. 8.6H 
illustrates the fundamentals involved in 
the type of monitor typified by the 
TM-5A. In (1), an added capacitor of 

approximately 0.05 mid is connected to 
a filament terminal of the BTO tube 
V-15, and connected by means of an 
added switch to terminal 2 of trans¬ 
former T-106. This value of capacitance 
is only approximate, since the ampli¬ 
tude must be such that the oscillator 
triggers near the top of the AC cycle. 
When set in this region by the proper 
value of capacitance, the vertical HOLD 
control allows placement of the vertical 
interval at the desired portion within 
the raster. The added switch allows 
restoration of the monitor to normal 
operation whenever desired. 
Expansion of the vertical sweep in 

this monitor is usually accomplished by 
the means shown in (2) of Fig. 8.6H. 
An added switch, which may actually 
be a second section of the switch above, 
is used to short the feedback resistor 
R217 in the vertical feedback circuit of 
V18. In this monitor, the resultant ex¬ 
pansion of vertical sweep is sufficient to 
allow counting of the pulses and accu¬ 
rate observation for correct positioning 
and duration. 

Fig. 8.61 shows one method used on 
the TM-5A to properly position the H 
interval within the raster. The values 
of the delay circuit L and C may vary 
somewhat in practice. It is noticed from 
the figures of the pulse-cross pattern 

figure 8.61. One possible modification of RCA TM-5A master monitor to shift phase of horizontal 
sweep oscillator for pulse — cross display. 
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VIDEO WITH 
SUPER-SYNC 
FROM NO.I GEN. 

Figure 8.6J. Alternate method of producing pulse-cross by means of adjustable remote sync-phaser 
unit. 

in section 6.9, that the horizontal blank¬ 
ing interval is not placed in the center, 
but to the right far enough that both 
sets of equalizing and serration pulses 
are displayed. 

Several manufacturers are develop¬ 
ing station monitors which contain 
built-in facilities for displaying the 
pulse-cross. By the time this text is 
in print, these monitors will probably 
be on the market. If the reader is fa¬ 
miliar with the above fundamentals, he 
will understand the basic operational 
principles of these circuits. 

In stations employing at least two 
sync generators, or one studio-type gen¬ 
erator with one field type available, no 
modifications are necessary in the moni¬ 
tor for pulse-cross display if an ad¬ 
justable remote-phase sync lock is avail¬ 
able (section 3.9). An automatic type of 
remote sync lock is not suitable for this 
application, since manual control of the 
phasing must be obtainable. Fig. 8.6J 
illustrates this method. With station 
equipment driven from sync generator 

No. 1, the studio signal, after sync is 
added (as at the studio output line), is 
fed from a distribution amplifier to the 
master monitor video input. The No. 2 
sync generator is fed from No. 1 
through the remote sync phaser just as 
in the case of being “slaved” to a re¬ 
mote sync generator. In this case, the 
phaser is adjusted to obtain a deliberate 
phase delay of the required amount 
from sync No. 1. It is noted that this 
displaces both vertical and horizontal 
intervals. The output of sync No. 2 is 
then fed to the DRIVE inputs of the 
master monitor, and this monitor 
switch is thrown to the DRIVE posi¬ 
tion. By adjustment of the phasing unit, 
the entire vertical and horizontal inter¬ 
vals of sync No. 1 may be properly posi¬ 
tioned within the raster on the master 
monitor. 

The only desirable modification of the 
master monitor is then the addition of 
vertical sweep expansion. Thus this 
method calls only for one simple modi¬ 
fication as shown in Fig. 8.6H(2). 
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8.7 Checking the Stabilizing Amplifier 

The stabilizing amplifier involves a 
wide variety of circuits, since it may be 
called upon to perform several correc¬ 
tive functions on the signal, as well as 
sync addition and video amplification 
( section 6.6). The clamper circuit basic 
operation for the GE type TV-16B sta¬ 
bilizing amplifier was described in sec¬ 
tion 8.4 of this chapter. 

Involved in the proper operation of 
this type of amplifier is the adequate 
clipping of signals to remove noise 
peaks, white signal clippers, black sig¬ 
na’. clippers, and removal of the sync 
signal for purposes of reconstruction 
and re-insertion. All these functions use 

clipper circuits in various forms and 
modes of operation. 

Fig. 8.7A (1) illustrates a simplified 
form of the black clipper circuit in the 
above mentioned stabilizing amplifier. 
The plate of the clipping diode V2 has 
a potential of plus 150 volts. There¬ 
fore, when the instantaneous voltage 
at the plate of VI (also the cathode of 
V2) is greater than plus 150 volts, V2 
is cut-off and the entire plate load of 
VI is RL(1). Considerable gain is real¬ 
ized at this time. When the instantane¬ 
ous voltage on the plate of VI is less 
than 150 volts, V2 will conduct and the 
total plate load of VI is RL(1) in paral¬ 
lel with the diode load. The gain of VI 

Figure 8.7A. Black clipper circuit. 
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at this time is much less than when V2 
is non-conducting. 

With black negative signal applied to 
the grid of VI, as the grid is swung 
farther negative, plate current is re¬ 
duced and the cathode terminal of V2 
therefore increases in the positive direc¬ 
tion. Therefore, with proper adjust¬ 
ment of the black clip control, V2 may 
be made to conduct during the first part 
of the input signal, but become cut off 
during the remaining part. The point of 
diode cut-off may be chosen either as 
black reference level or blanking level. 
The gain of VI is high when V2 is cut 
off, resulting in a sharp clipping point. 

If now we replace the grid resistor 
R» with a double-diode clamper tube, 
we have the actual circuit used in the 
GE stabilizing amplifier, as shown in 
(2) of Fig. 8.7A. The clamper assures 
that the clipping point action occurs 
from the same starting level on succes¬ 
sive signals. Representative waveforms 
are shown, when viewed at line fre¬ 
quency. 

The basics of the white clipper circuit 
are shown in Fig. 8.7B, and may be 
seen to be similar to the black clipper. 
A crystal diode is used in place of a 
diode tube. In this case a black positive 
signal is applied. Thus as the grid of 
VI swings in the negative direction 
(white signal region) over a prescribed 
limit, the plate current is reduced mak¬ 
ing the tube plate (and crystal nega¬ 
tive terminal) more positive, and the 
1N48 will not conduct. The white clip 
control is normally set so that the cir¬ 
cuit is on the verge of clipping whites 
when a standard signal is applied. Thus 
any white portions over this level will 
not appear at the output of the 1N48. 
(See block diagram, section 6.6.) 
When local blanking is inserted in 

this amplifier (section 6.6) and relay 
KI energized, the blanking signal ap¬ 
pears at the cathode of the amplifier 
tube as shown in Fig. 8.7B. Thus the 
blanking signals are mixed with the 
output of the white clipper. It is re¬ 
called that the BLACK CLIP control 
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Figure 8.7C. Output circuits of G. E. stabilizing amplifier. 

in the following stage is ordinarily set 
to clip the sync from the incoming sig¬ 
nal at or near blanking level. By insert¬ 
ing local blanking as above, the setup 
of the signal may be increased if de¬ 
sired by adjusting the black clipper to 
operate at the proper point. 

The output of the black clipper stage 
feeds the mixer tubes V6 and V7, which 
use a common plate resistor. The grid 
of V(> receives the signal from the black 
clipper, and the grid of V7 is fed by 
sync from V18. The bias on V7, and 
therefore its gain, is adjusted by the 
SYNC HT control The composite out¬ 
put signal from this stage, with recon¬ 
structed sync, is fed through cathode 
follower V8 to the feedback output 
stage V9 and V10. An adjustable resis¬ 
tor in the cathode of V8 serves as the 
OUTPUT LEVEL control. 

The output stage is of considerable 
interest to the maintenance engineer. 
Fig. 8.7C is the schematic and the 
monitor output may be seen to comprise 
the special type of low-impedance plate 
coupled output described in section 8.3. 
V10 is a parallel connected dual-triode, 
preceded by pentode V9. Degenerative 
feedback is taken from the output 
through R42 back to the cathode of 
V9. Due to this degeneration, the junc¬ 
tion of C17, R42, R58 and R45 assumes 
an impedance of approximately 10 
ohms. To get a driving impedance of 75 
ohms, the combination of R58, R46 and 
C18 is connected in series with the out¬ 
put (section 8.3). The monitoring out¬ 

put is uncompensated and fed directly 
from the low-impedance point. The 
ratio of the monitoring impedance to 
the picture output is determined by R50 
and R47. A negative voltage is fed 
through R45 to the low impedance driv¬ 
ing point to buck the positive voltage 
present at that point due to the cathode 
voltage of V9. This results in negligible 
DC voltage at the output. 

Both picture and monitor output are 
the standard polarity, black negative. 
With the wire jumper on R50, shorting 
this resistor out, 1 to 1 ratio of moni¬ 
toring output to picture output is ob¬ 
tained. This is used only for composite 
picture signals which need not exceed 
1.4 volts. To obtain larger picture sig¬ 
nals, the jumper is removed, which re¬ 
sults in a 2/5 to 1 ratio of monitoring 
output to picture output, and is used 
when a picture output of 2 volts com¬ 
posite signal is needed. 
Preventive maintenance procedures 

on the stabilizing amplifier are very im¬ 
portant to keep it in top shape. Clean¬ 
liness is of prime importance. A small 
air blower and brush with long soft 
bristles should be a part of the tool 
stockroom. Relays and switch contacts 
should be kept scrupulously clean with 
a strip of fine crocus cloth immersed in 
carbon tet. Tube socket connections 
should be inspected often. Always 
watch for any discoloration in resistors 
or wiring when inspection is carried 
out. The regulation section of the power 
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supply should be checked at regular in¬ 
tervals. 

Peaking transformers should be pe¬ 
riodically adjusted for maximum per¬ 
formance as indicated previously for 
other equipment using such circuits. 
The amplifier described above employs 
shunt-peaking circuits. The overall re¬ 
sponse at the high end should be within 
% db of 100 kc output at 6 me, and 
down no more than 3 db at 8 me. For 
the 60 cycle square-wave test of low 
response, the tilt should be within 2%. 

The usual precautions discussed pre¬ 
viously in substituting dummy tubes 
for clampers, and completing the grid 
circuits through a suitable resistor at 
the clamped point must be remembered 
in aligning stabilizing amplifiers, when 
a sweep generator is used. 
Two additional corrective adjust¬ 

ments are shown in the output circuits 
of Fig. 8.7C. C18 is a variable capacitor 
used to adjust the internal output im¬ 
pedance at the high frequencies of the 
picture output. The low-frequency ad¬ 
justment for this internal output im¬ 
pedance is the potentiometer R58. 

Whenever it is necessary to change 
the monitoring output level to 2/5 of 
the picture output, or from this level to 
the 1-1 ratio, these components should 
be readjusted for optimum driving im¬ 
pedance. This is carried out as follows: 
About 150 or 200 feet of RG-59/U co¬ 
axial cable is terminated in the picture 
output jack, J7. The sending end of the 
cable is then connected to the output of 
a sync generator from some distribu¬ 
tion amplifier in the system. A good 
wide-band oscilloscope of at least 10 me 
bandwidth is connected across the same 
sending-end terminals. The rise time of 
the pulse with the unit on should be 
0.05 microseconds or faster. Reflections 
on the line will then appear as stair¬ 
steps on the screen. R58 and C18 are 
adjusted for minimum reflections, in¬ 
dicating optimum internal impedance 
to drive the line. 

8.8 The Film Chain 

Testing and maintenance of the tele¬ 
vision film chain is a highly specialized 
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field. Engineers in the film department 
are seldom used elsewhere, and by the 
same token, other engineers who may 
be “utility” men in many departments 
seldom serve in the film division. It 
should be understood at the outset that 
many repairs and major overhauls of 
projectors are done either by field rep¬ 
resentatives of the manufacturer or by 
sending certain units to the factory. 
The proper testing, alignment and a 
large share of the maintenance, how¬ 
ever, is carried out by the station film 
personnel. 
To properly adjust and maintain a 

TV film chain, the engineer should be¬ 
come acquainted with test film designed 
to facilitate corrective measures.* The 
film most popularly used in TV sta¬ 
tions is the Type TV35 and TV16, for 
35mm and 16mm projectors respec¬ 
tively. 

The test film is designed to indicate 
the condition of operation of those por¬ 
tions of the television film reproduc¬ 
tion system which depend upon the re¬ 
lation between the film projector and 
the television system. 

Use of the test film on a routine op¬ 
erational basis is recommended since it 
will indicate errors of adjustment and 
equipment malfunction before they 
might otherwise be detected. 

To facilitate making extended serv-
ive adjustments, or to provide a suit¬ 
able subject for the initial setup and 
adjustment of a film channel, there are 
available separate lengths of the align¬ 
ment, low frequency, storage, and 
transfer characteristic sections. These 
sections may be cut into appropriate 
lengths, made into loops, and run con¬ 
tinuously as the need arises. 

Seven test sections and a selection of 
scenes comprise the complete film which 
is available in either 16 or 35mm. The 

* “Television Test Film,” Journal of 
the SMPTE, Volume 54, February, 
1950. Illustrations from samples sup¬ 
plied through courtesy of the Society 
of Motion Picture & Television Engi¬ 
neers. 
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test section is a series of geometrical 
patterns intended to present informa¬ 
tion on the factors most likely to be de¬ 
graded in television film reproduction. 
Each chart selects some particular fail¬ 
ing of the average system and produces 
a signal intended to exaggerate and 
thus clearly define any deviation from 
normal operation. Perfect reproduction 
of all the charts is to be desired, but 
some degradation of each is to be ex¬ 
pected. Experience will show the mag¬ 
nitude of these effects which may be 
considered normal for any particular 
system. 

Scenes representative of many types 
of pictures encountered in television 
films are included in the reel as a final 
qualitative test of over-all results. 

Sec. 1. Alignment ( See Fig. i.8A(l) ). 

This pattern defines the portion of 
the projected film frame which is to be 
reproduced by the television system 
and permits accurate alignment of the 
motion picture projector with the tele¬ 
vision camera. Eight arrow points have 
been positioned to touch the edges of 
the picture area to be scanned. This 
area is smaller than that of the whole 
frame. One and a half per cent of the 
projected aperture is cut at top and 
bottom of the frame to allow for small 
drifts in scanning and centering. The 
horizontal dimension is chosen to pro¬ 
vide a standard four-to-three aspect 
ratio with the established height. All 
•of the frame area beyond these limits 
has been striped with a “barberpole” 

Figure 8.8A. (1). 

effect. This striping must not appear 
in the television picture. 

It should be noted that the striped 
area is wider on the sides of the frame 
than on the top and bottom. This re¬ 
sults from the fact that the standard 
projection aperture does not have a 
four-to-three ratio but is wider by some 
3%. See the American Standards for 
Picture Projection Apertures, X22.58-
1947 and Z22.8-1950. 
Each vertical arrow head is 4% of 

the picture height and each horizontal 
arrow head is 4% of the picture width. 
Similarly, the arrow shanks are 6% of 
the picture height and width respec¬ 
tively. These dimensions permit rough 
estimates of the magnitude of scanning 
irregularities or misalignment through 
visual comparison of the effects in 
question with the size of the arrows. 
Specific values for misalignment ob¬ 
tained in this manner can be logged 
easily for future reference as part of a 
quality control program. 

A rectangle formed by the lines con¬ 
necting the arrow shanks encloses 80% 
of the active picture area. Investiga¬ 
tion indicates that this area is reason¬ 
ably well reproduced on most home re¬ 
ceivers, even in the presence of scan¬ 
ning drift, inaccurate adjustment, and 
abnormal masking. No standard is im¬ 
plied, but a general memory of this area 
may be useful in the preparation of 
film carrying important information. 

Sec. 2. Low-Frequency Response (See 
Fig. 8.8A(2) ). 

This test is made in two parts, each 
consisting of a half-black-half-white 
frame, with the dividing line horizon¬ 
tal. The first section has the black por¬ 
tion at the top of the frame and the 
second is black at the bottom. These 
charts produce 60-cycle square wave 
signals. When viewed on the waveform 
monitor set for field rate deflection, the 
signals should appear reasonably 
square. Serious tilting or bowing indi¬ 
cates incorrect low-frequency phase 
and amplitude response. When the sys¬ 
tem has been set for reproducing the 
first chart, the change to the second 
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f igure 8.8A. (2). 

chart should not necessitate large shad¬ 
ing changes. 

The chart which is black at the bot¬ 
tom also permits a check on the amount 
of flare encountered in iconoscope oper¬ 
ation. Rim lights and beam current 
should be reset if the flare is excessive. 

Sec. 3. Medium-Frequency Response 
(See Fig. 8.8A(3) ). 
The response of the television system 

to medium-frequency signals is of im¬ 
portance to picture quality. In this test, 
horizontal bars are used, first as black 
on white and then reversed. The bars 
have lengths equal in time of scanning 
beam travel to 2,5,12%, and 32 micro¬ 
seconds. These correspond to half-wave 
pulses covering an approximate funda¬ 
mental frequency range from 15 to 250 
kilocycles. Correct medium-frequency 
phase and amplitude response will be 
indicated by leading and trailing edges 
of the bars having no long, false gray 
tones. If, following the trailing edge of 

Figure 8 8A. (3). 

a bar, a streak appears having a tone 
similar to that of the bar (white after 
white, black after black) then it is rea¬ 
sonable to assume that the amplitude 
of the frequency represented by that 
bar is too great, or that its relative 
phase is incorrect. If the opposite oc¬ 
curs, as a white streak after a black 
bar, the fundamental frequency is too 
low in amplitude, and its relative phase 
is in error. 

Sharp transient effects immediately 
following all bars are an indication of 
excessive high-frequency response. This 
condition will usually be clearly indi¬ 
cated in the test for resolution later 
in the film. 
If very long streaking occurs in 

which the spurious signals are seen on 
the left side of the bars, as well as on 
the right, an investigation of the low-
frequency response of the system should 
be made. Under these conditions close 
examination of the previous charts 
should reveal errors of waveform. 

It is rarely possible to obtain perfect 
streaking-free reproductions of both the 
black-on-white and the white-on-black 
charts with one setting of the controls. 
This may be due with iconoscope oper¬ 
ation, to the effects of wall sensitivity. 
A change in bias-light is usually re¬ 
quired to compensate the charts ex¬ 
actly since the two charts do not have 
the same average transmission. The set¬ 
tings which produce very small streak¬ 
ing equally on both charts are usually 
preferred. 

Figure 8.8A. (4). 
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Sec. 4. Storage (See Fig. 8 8A(4) ). 

Film pickup systems which utilize 
short pulses of light must store the 
charge produced by the pulse long 
enough to permit the charge image to 
be scanned. Since the beam starts the 
scanning process at the top of the pic¬ 
ture, the storage time required is maxi¬ 
mum at the bottom of the picture. Some 
pickup tubes will suffer from leakage 
to the extent that the charge image 
may be seriously reduced in amplitude 
by the time the beam reaches the bot¬ 
tom of the picture. 

The chart which checks this charac¬ 
teristic is made up of vertical black 
and white stripes on a gray back¬ 
ground. When viewed on the waveform 
monitor (set at field rate) this pattern 
will produce three lines representing 
white, gray, and black. Shading should 
be set to hold the gray line parallel 
with the blanking axis. If the white 
and black lines then tend to converge, 
the pickup tube does not have perfect 
storage. Perfect results are indicated 
when all traces are parallel. If the 
black-to-white amplitude at the bottom 
of the picture is divided by that at the 
top of the picture, the tube’s storage 
factor is obtained. This is usually ex¬ 
pressed in percentage. 

Sec. 5. Transfer Characteristics (See 
Fig. 8.8A(5) ). 

The ability of a television system to 
reproduce shades of gray is indicated in 
this section through the use of step¬ 
density areas. The first chart consists 

Figure 8.8A. (5). 

of a white area and a black area that 
serve as limit references, along with a 
centrally placed window in which den¬ 
sity steps appear. 

The neutral gray background of this 
chart should be shaded flat and con¬ 
trast and brightness settings adjusted 
to give normal waveform monitor am¬ 
plitudes from the reference area men¬ 
tioned. The waveform monitor should 
be set for line frequency. Once ad¬ 
justed, all settings should remain un¬ 
touched during the remainder of the 
period. In the center window, a total of 
seven density tabs will appear labeled 
A through G. These will be seen in 
groups of three, as ABC, BCD, CDE, 
etc. This permits all steps to be read on 
the same portion of the mosaic and in¬ 
dependently of shading and black spot. 
Each step should be visually compared 
with the adjacent steps, both in the 
picture and on the waveform monitor, 
and each should be clearly defined. Sat¬ 
uration effects will be seen as a cramp¬ 
ing together of adjacent steps. Experi¬ 
ence as to the appearance of the tabs 
will establish a form from which varia¬ 
tions can be noted. 

The final chart in this section con¬ 
sists of two step density tablets show¬ 
ing all seven steps together. The direc¬ 
tion of progression of the second tablet 
is opposite to the first. These permit 
rapid over-all check. 

The effective transfer characteristic 
of a film pickup system is a function 
of both film density and projected il¬ 
lumination. This test film has a range 
considered to represent that normally 
encountered in practice. If significant 
compression occurs, projector bright¬ 
ness should be checked. Other factors, 
including beam current, bias-light, and 
clipper adjustments should be tested 
with a stationary slide. 

Sec. 6. Automatic Brightness Control 
(See Fig. 8.8A(6) ). 

This test indicates the ability of the 
television system to follow change in 
average illumination of a series of 
scenes. It consists of a white disk cen¬ 
tered in a black frame which enlarges 
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figure 8.8A. (6). 

slowly to fill the whole frame. As the 
white portion becomes larger, the 
brightness control should hold the black 
level constant. On the waveform moni¬ 
tor, the black signals should remain 
fixed in position relative to the blank¬ 
ing level. The first brightness changes 
on the film are both slow and even, so 
that systems with slow-acting control 
should be able to follow them accur¬ 
ately. 

The second portion of the tests con¬ 
sists of sudden changes in white disk 
size from the smallest to one-third 
frame area and then two-thirds of the 
frame area. Experience will show how 
much error in black level setting re¬ 
sults in these cases on a transient basis. 

Sec. 7. Resolution (See Fig. 8.8A(7) ). 

Each of the five charts in this section 
is carefully calibrated to indicate the 
over-all system response at the number 
of lines printed in its center. Starting 
at 200 lines, the charts change at five-
second intervals until the 600-line pat¬ 
tern appears. Each chart permits read¬ 
ing the response at six points within 
the frame. Care should be taken to note 
the response at the edges, as well as the 
center, of the picture. 

Under abnormal conditions of “lat¬ 
eral leakage,” resolution of a stored-
charge picture degrades with time. This 
condition can be evaluated by noting 
the relative top and bottom resolution. 
If there is significant difference be¬ 
tween the two, the system should be 
checked with a continuously illumi¬ 
nated slide. If the slide test shows the 

Figure 8.8A. {7). 

same resolution at both top and bottom 
and the film test does not, the pickup 
tube may be at fault. 

The above presupposes that the pro¬ 
jector has been properly tested for its 
inherent resolution with the visual test 
films available for that purpose. 

Sec. 8. Typical Scenes (See Fig. 
8.8A(8) ). 

To provide a qualitative check on the 
over-all results to be expected from 
good film, several scenes taken from 
material used specifically for television 
are included in the test reel. Utilization 
of this section will depend upon the 
operator’s experience in judging ac¬ 
ceptability and upon his memory of 
“how they looked before.” 

Also available from the SMPTE* are 
various test films for checking the sound 
channel of the projector. The 16mm 

*Society of Motion Picture & Televi¬ 
sion Engineers, 40 West 40th St., New 
York 18, N. Y. 

Figure 8.8A. (8). 
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Sound Service Test Film (SPSA) is a 
special type of print, both picture and 
sound. This film includes wide-frequency 
range title music, followed by sec¬ 
tions of Buzz-Track (described later), 
sound focusing test, constant frequen¬ 
cies from 50 to (’>000 cps, dialogue, piano 
music, and orchestral music. The buzz, 
focus, and frequency sections will show 
whether mechanical or electrical adjust¬ 
ments are correct. While the one dia¬ 
logue and three music sections, which 
were specially prepared for this film 
and are consistent with the best qual¬ 
ity obtainable today, indicate overall 
reproducer sound quality. Accompany¬ 
ing titles explain the purpose of each 
section, while the instruction book sup¬ 
plied with the film explains in detail 
why the various tests are made and 
how the results of those tests should be 
evaluated. The film indicates whether 
poor sound quality is the fault of the 
projector or of the print being pro¬ 
jected. 
The Kimm Buzz-Track Test Film 

(Z22.57) is an original negai ive and 
is used for checking the sound scan¬ 
ning-beam placement in the projector. 
The track consists of an 0.076 in. 
opaque center with a frequency of 300 
cps on the picture side and frequency 
of 1000 cps on the sprocket side. These 
tracks are accurately located on the 
film so that when the film is lun on a 
projector with correct adjustment and 
free from weave, no sound is heard. 
Either or both of the 1000 and 300-
cycle tones will be heard, however, if 
the photocell scanning-light beam is out 
of position. 

Fig. 8.8B is a simplified schematic 
of a typical television camera icono¬ 
scope amplifier. This is from the latest 
modified version of the RCA TK-20A 
Film Camera. The arrangement of the 
output picture polarity switch is shown 
to the far right of the drawing. For 
aligning the circuits, the oscilloscope 
with its detector probe is connected 
across R32 at the terminals of this po¬ 
larity switch. With the iconoscope dis¬ 
connected, T9, T8, T7 and T6 are 
first aligned for maximum high-fre¬ 

quency response as outlined previously. 
The overall response of these stages 
should be essentially flat to 6.5 me. The 
above alignment procedure should be 
carried out stage-by-stage by injecting 
the sweep generator signal at the grid 
of each stage in turn. In injection of 
the sweep signal at the grid of V15 
and on back to the input stage, the 
high-frequency compensation control in 
the grid of V15 should be set in the 
maximum “out” position. The response 
should be good to 6.5 me without the 
aid of the high-peaker circuit. 

This control, as well as the low-fre¬ 
quency compensation circuit in the grid 
of V14, is left in the “out” position for 
low-frequency testing. Tilt should be 
less than 10% with a 7.5 kc square 
wave signal. Note the effect of the 
compensation adjustments on the scope 
pattern for effectiveness of control. In 
practice, the high-frequency control is 
adjusted on a picture signal for best 
resolution and minimum white over¬ 
shoot, while the L-F compensation is 
adjusted for minimum black or white 
smear. 
When it has been ascertained that 

the amplifiers in the camera are prop¬ 
erly aligned and frequency response is 
normal, any severe degradation of sig¬ 
nal as deiermined by the above test film 
procedure may result from other than 
amplifier factors. One of the more com¬ 
mon occurrences is the effect of edge¬ 
flare which is emphasized in section 2 
of the previously described test film. 
Since flare is most noticeable on large 
black areas or scenes illuminated by 
low-key lighting, and at the bottom of 
the picture, the factors which affect 
flare should be varied under conditions 
of no illumination on the mosaic of the 
iconoscope. Whenever an iconoscope 
tube is changed in a film camera, it is 
usually necessary to readjust the ratio 
of iconoscope beam current to amount 
of rim light. Due to the inherent non¬ 
uniformity of iconoscope pickup tubes, 
no rigid relationships in current or 
light intensity can be set up. Limita¬ 
tions of these values and procedure for 
determining the correct adjustments 
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Figure 8.8B. Simplified schematic of latest modified version of the RCA TK-20A film camera amplifier. 
Peaking transformers T6 and T7 are series-shunt circuits as in T8 ana T9. 
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may, however, be outlined as a guide. 
The object is to obtain a flat, black 

field by using the required amount of 
rim lighting for a given beam current, 
with no illumination on the scanned 
area of the mosaic. This first adjust¬ 
ment assures that edge and bottom flare 
is not dependent upon scenic content of 
the film. During film transmission, the 
injection of the proper shading signal 
is then adequate to prevent noticeable 
flare. The normal range of iconoscope 
beam current with average sensitivity, 
resolution and storage properties, is 
from 0.1 to 0.2 microamperes. As a 
general rule, beam currents lower or 
higher than this range results in an in¬ 
ferior picture. Therefore, this factor 
serves as a starting point in adjusting 
for élimination of flares. It has been 
found in practice that best results are 
obtained when the maximum allowable 
beam current is used consistent with 
available rim-lighting assemblies. Thus 
the beam current is raised to the upper 
range of this limit, 0.2 microamps or 
slightiy under, and rim-lighting ad¬ 
justed to get minimum flare, under 
darkened mosaic conditions. Some TV 
film cameras have been modified to ac¬ 
commodate an ordinary slide projector 
such as the Kodak 1A as source for rim 
lighting. This projector is mounted on a 
sliding rail underneath the camera, and 
the projected light is beamed through 
the lower glass seal of the iconoscope. 
Special types of infra-red filters are 
often used in this projector in the 
mountings available for slides, result¬ 
ing in increased resolution by eliminat¬ 
ing most of the incandescent light 
source infra-red, to which the icono¬ 
scope is rather sensitive. This projec¬ 
tor type of edge-lighting has proved 
more satisfactory than the former pilot¬ 
light assemblies. 

Another factor not inherently involv¬ 
ing the amplifier is that of storage, 
tested by section 4 of the previously de¬ 
scribed test film. In some cases this 
lack of proper storage characteristic of 
the iconoscope cannot be remedied ex¬ 
cept by replacement with a new pickup 
tube. Many times, however, the fault 

is not in the tube, but in mis-adjustment 
of rim-lighting, back-lighting (bias 
lighting), or improper control of stray 
lighting effects. From the description 
of section 4 of the test film, it was 
noted that most accurate interpreta¬ 
tion of storage characteristics is ob¬ 
tained by observing the pattern on the 
waveform monitor set at field rate. It 
is important that the engineer realizes 
that under actual film picture transmis¬ 
sion, shading controls may be adjusted 
to indicate even shading on the CRO 
under conditions of poor storage char¬ 
acteristics. What then results is an ex¬ 
treme loss of picture detail at the bot¬ 
tom of the raster, since resolution is 
being sacrificed to obtain even shading. 
This points up the importance of spe¬ 
cial test film or slides which indicate 
system degradation before it becomes 
too apparent in the home receiver. 

To minimize iconoscope leakage, it 
is necessary to use the least possible 
amount of edge and back-lighting which 
is adequate to suppress flare and still 
allow sufficient sensitivity of iconoscope 
function. Any presence of stray light 
which may find its way to the mosaic 
will obviously cause the charge stored 
upon its surface during vertical blank¬ 
ing time to deteriorate by the time the 
scanning beam reaches the bottom. 
Therefore adjustments other than those 
in the amplifier chain may be summed 
up as follows: 

1. Use maximum amount of beam cur¬ 
rent for any particular iconoscope 
which, in conjunction with intensity 
and placement of rim-lights, results in 
a black, Flare-free field when NO light 
strikes the picture portion of the mo¬ 
saic. 
2. Adjust intensity and position of rim¬ 
lighting for minimum edge-flare under 
the above conditions. 
3. Check for stray light falling on the 
mosaic. This may actually come from 
improperly positioned rim lighting, or 
too high intensity of rim or back light¬ 
ing. Adjust back-lighting for best sensi¬ 
tivity, resolution, and lowest picture 
“noise.” 
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Preventive maintenance on the pro¬ 
jector mostly involves routine cleaning 
schedules. The major source of trouble 
from foreign matter occurs at the pic¬ 
ture aperture, since pile-up of emulsion, 
lint and dust form “horns” at this point. 
Frequent cleaning is mandatory. An 
ordinary pipe cleaner bent at right 
angles a short distance from one end 
is often used by operators for this pur¬ 
pose. With the film gate swung outward 
to expose the picture aperture, and the 
projection lamp turned on, the pipe 
cleaner is run around the side of the 
aperture until a sharp outline is ob¬ 
tained as revealed by the light projected 
on a clear surface. 

The glass surfaces in each end of the 
projection lens should be cleaned ap¬ 
proximately once a month. With the lens 
removed from the projector, a good 
grade of commercial lens paper is used. 
Extreme care must be exercised in lens 
cleaning to avoid even slight scratches 
on the glass surface. At the same time, 
the shutter housing window just ahead 
of the picture lens (where used) should 
be cleaned with a soft lint-free damp 
cloth. Some stations advise their main¬ 
tenance department to clean this win¬ 
dow daily. 
At approximately four month inter¬ 

vals, the condenser lens should be 
cleaned using a damp cloth to wipe 
both surfaces thoroughly, followed by 
applying a clean dry cloth. The reflec¬ 
tor should be cleaned at the same time. 
The glass surface toward the lamp 
should be cleaned with a damp cloth, 
and polished with a clean dry cloth. 

The lubrication schedules included in 
the manufacturers instructions for any 
particular projector should be rigidly 
followed. It is highly important that the 
exact type and grade of oil or grease 
specified in the instructions be adhered 
to in practice. All projectors have quite 
a few lubrication points; some requir¬ 
ing oil as often as every 8 hours of 
operation, others needing attention only 
over intervals as long as a year, depend¬ 
ing upon usage. Care should be exer¬ 
cised not to oil excessively, or to spill 
oil where it may reach the film. The re¬ 

sulting pile-up of emulsion, dust and 
lint degrades both picture and sound. 

Due to the importance of properly ad¬ 
justing the various shading controls on 
the film camera during transmission, 
some film camera-control units employ 
dual oscilloscopes so that simultaneous 
display of horizontal and vertical wave-

408 • 



Testing and Maintenance at the Studio 

Figure 8.8C. Waveform monitor Elementary diagram. Courtesy G. E. 
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form may be obtained. To acquaint the 
reader with this type of circuit func¬ 
tion, further technical details of the 
General Electric film control unit illus¬ 
trated and basically described in sec¬ 
tion 6.7 (see Fig. 6.7N) are presented 
here. Only the waveform monitor is dis¬ 
cussed, since the picture monitor is 
more or less conventional as described 
in previous sections concerning video 
picture monitors. 
The schematic of the dual waveform 

monitor is illustrated in Fig. 8.8C. Fig. 
8.8D is the schematic of the RF power 
supply with which the TV engineer 
should become familiar. Negative high 
voltage for the CRO waveform moni¬ 
tor tubes is generated in this supply 
which is enclosed in a shielded box. A 
6AQ5 pentode operates as a free-run¬ 
ning oscillator, developing high voltage 
AC across the transformer winding. 
This AC is rectified by a 1X2, resist¬ 
ance-capacity filtered and supplied to 
the cathode, grid and focusing grid of 
each cathode ray tube. High voltage 
adjustment is made by tuning the oscil¬ 
lator with a variable capacitor. Correct 
voltage for the monitor is -1800 volts. 
Extra sweep deflection on the CRO 
tubes for special application can be ob¬ 
tained by lowering the voltage. 

Video for the Waveform Monitor (see 
Fig. 8.8C) is taken at high level from 

the Picture Monitor video amplifier and 
fed to the video amplifier inverter, V3. 
A part of the signal from the plate of 
V3 drives the grid of V4. V3 and V4 
together drive the vertical deflection 
plates of the two cathode ray tubes VI 
and V2 in push-pull. Double diodes V9 
and V10 are connected as black level 
DC restorers across the cathode ray de¬ 
flection plates in order to hold the black 
level constant with varying signal. 2R34 
and 2R35 vertical centering controls are 
dual centering controls which provide 
centering action by varying the DC 
voltages to which the diodes restore. 
Gain adjustment in the waveform 

monitor is independent of the picture 
monitor contrast control and is pro¬ 
vided by the GAIN control, RIO, con¬ 
nected between the cathodes of V3 and 
V4. This control changes the degenera¬ 
tion in the cathode of V3 and V4. With 
RIO set for zero resistance the cathodes 
are connected together. Thus since the 
signal currents cancel there is no de¬ 
generation and hence high gain. With 
RIO set for maximum resistance the 
cathodes are isolated and each stage 
acts as a cathode degenerated amplifier 
and the gain is cut down. 

The sweep circuits are divided into 
two horizontal sweep sections which 
furnish horizontal sweeps for the cath-

Figure 8.8D. RF Power supply elementary diagram. 

410 • 



Figure 8 8E. Socket voltage and waveform chart, dual monitor. Courtesy G. E. 
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F gure 8.9A. Schematic diagram of RCA TK-30A camera. 
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ode ray tubes, VI and V2. One section 
consisting of tubes V7 and V8, furnishes 
positive and negative sawtooth voltages 
at one-half vertical sync pulse rate to 
tube VI. The other section consisting 
of tubes V5 and V6 furnishes sawtooth 
voltages of both positive and negative 
polarity at one-half the horizontal sync 
pulse rate to tube V2. Except for time 
constants the circuits are similar. V5 
and V7 are Type 884 thyratrons oper¬ 
ated as relaxation oscillators. V6 and 
V8 are double triode 12AU7’s connected 
in push-pull to the deflection plates of 
VI and V2. The amplitude of the out¬ 
put of V6 and V8 is controlled by R58 
and R73 which vary the degeneration in 
the cathodes of the two tubes. With the 
control at maximum resistance each 
cathode has essentially an unbypassed 
cathode resistor and hence a low gain. 
With minimum resistance in the control 
the two equal sawtooth voltages of oppo¬ 
site polarity on the two cathodes are 
mixed and thus cancel, giving zero saw¬ 
tooth potential on each cathode; this is 
the same as having the cathode re¬ 
sistor bypassed, hence raising the gain 
of the stage. R46 and R61 are the verti¬ 
cal and horizontal speed controls of the 
relaxation oscillators, V5 and V7. 
V5 and V7 are push-pull relaxation 

oscillators which have been modified by 
the addition of compensation circuits to 
increase their operating stability, and 
to provide equal magnitude and oppo¬ 
site polarity sawtooth waves even 
though the positive and negative volt¬ 
ages are not equal. For example V5, has 
the resistors R32, R36 and capacitor 
C20 added in parallel to preserve the 
voltage balance between C16 and C17 
and thus equalize any inequalities in the 
plate and cathode sawtooth voltages. 
C16 charges toward +275 by drawing 

current through R47 and C17 charges 
toward —105 through R50. When V5 
fires it provides a low resistance be¬ 
tween C16 and C17 discharging them to 
the same potential if the two saw-tooth 
voltages are equal. If the voltage across 
C16 is larger than that across C17, a 
DC voltage will appear at point A, 
since C20 is large enough to bypass the 

sawtooth component. This DC voltage 
will lower the charging voltage for C16 
and increase it for C17 thus rebalancing 
the two voltages. 
As the condensers C16 and C17 

charge, they build up plate voltage on 
V5. Just before this voltage becomes 
large enough to cause the gas to ionize, 
a sync pulse is introduced on the grid 
of the tube, firing it and discharging 
the capacitors. When the capacitor volt¬ 
ages drop to a value too low to sustain 
ionization, the tube cuts off, and the 
capacitors begin to charge on the next 
cycle. Speed of the oscillation can be 
controlled by setting the grid bias; cor¬ 
rect setting of the speed is that which 
shows two frames on the vertical rate 
tube, two lines on the horizontal rate 
tube. 

Fig. 8.8E is the “corrective” chart 
supplied by G. E. for this monitor, and 
is a Socket Voltage and Waveform 
Chart. Troubles in the unit, not a re¬ 
sult of tube failures, can be isolated by 
reference to the voltages listed on this 
chart. A 20,000 ohm-per-volt meter 
should be used. If voltages appear cor¬ 
rect the engineer checks the waveforms. 

8.9 The TV Camera 

Illustrated in Fig. 8.9A is the com¬ 
plete schematic diagram of the RCA 
TK-30A camera. Tube VI is the image 
orthicon tube which may be any of the 
standard broadcast types such as the 
2P23, 5769 or 5820. The latter type is 
one of the most popular for either field 
or studio use. It is recalled that mini¬ 
mum current corresponds to picture 
highlights, and maximum current to the 
black signals or blanking intervals. The 
signal plate load resistor for the pickup 
tube is the 22,000 ohm R4. During black 
signals or blanking, the maximum cur¬ 
rent through R4 produces a negative 
swing at the top of the resistor where 
the Grid of V2 is driven, thus the signal 
polarity is black-negative. V2 is the 
first stage of a conventional five-tube 
R-C coupled video pre-amplifier, the 
output stage V6 serving as a cathode¬ 
follower to pin No. 24 of the cannon 
connector JI. It should be noted that 
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the video output of V3 is coupled 
through a “high-peaker,” consisting of 
resistors R43-42 and capacitors C20-19, 
to the grid of V4. High-frequency com¬ 
ponents are boosted in this circuit, and 
low-frequency components of the signal 
are attenuated. Remember the two func¬ 
tions of this circuit; (1) to compensate 
for the poor high frequency character¬ 
istics of the V2 input circuit (section 
2.3), and to minimize low-frequency 
microphonie effects originating in V2 
and V3. 

Overall amplifier gain is adjusted by 
varying R28 in the screen circuit of V2. 
This is the pre-amp GAIN control lo¬ 
cated on the rear of the camera as 
shown in Fig. 8.9B. A horizontal shad¬ 
ing control is also incorporated in this 
camera. R45, in the input circuit of 
V4, controls the amplitude and polarity 
of a compensating sawtooth voltage 

from the horizontal output transformer 
T4. The SHADING control on the rear 
of the camera is shown in Fig. 8-9B. It 
will be noticed that this is a different 
arrangement than that shown in sec¬ 
tion 6.2, this being a ater production 
model of the RCA line. In the studio 
set up, the studio-type camera control 
unit contains another SHADING con¬ 
trol which applies a corrective saw 
shading from the vertical transformer, 
hence affecting vertical shading. The 
field-type camera control contains a 
screwdriver adjusted shading control. 
Most of the shading defects of an image 
orthicon tube may be corrected by hori¬ 
zontal shading. 

Horizontal driving pulses fed from 
the sync generator through the camera 
control unit to pin No. 22 of the camera 
cable connector (JI) are applied to the 
grid of one triode section of V15. This 

VIEWFINDER HOR VERT KINESCOPE CENT MASK 

VERT CENT R67 
HOR CENT R64 
IMAGE ACC R6 
VERT LIN R99 
HOR LIN R74 

ALIGN R63 
HORIZONTAL SHADING R45 

R28 
HEIGHT R 104 
WIDTH R 70 

VERT SIZE 
HOR SIZE 

VIEWFINDER PICKUP HEAD 

FOCUS 
BRIGHTNESS 
SEPERATES HERE BY PUSHING VIEWFINDER RELEASE BUTTONS 

LENS TURRET HEATER PILOT CABLE S-2 HANDLE SWITCH LIGHT CONNECTOR S-3 A4 J I 
Figure 8.9B. Rear view RCA TK-30A camera. (Viewfinder hood removed.) (Viewfinder release buttons 

pressed and viewfinder raised slightly to show separation.) 
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section of the tube serves as a pulse 
amplifier to drive the second section 
serving as the discharge tube. In this 
discharge circuit, potentiometer R81 is 
an auxiliary horizontal linearity con¬ 
trol affecting the center portion of the 
raster. This control alters the waveform 
of the voltage applied to the grid of 
horizontal output V12, and determines 
the point of conduction. The location of 
R81 is illustrated in Fig. 8.9C. Potenti¬ 
ometer' R78, in the cathode circuit of 
V12, adjusts the bias of this stage, 
hence the amplitude of the output sweep 
voltage. This is the WIDTH adjustment 
on the rear of the camera, shown in 
Fig. 8.9B. V12 is coupled to the damper 
tube VI1 through transformer T4, and 
is also coupled to the horizontal de¬ 
flection coils through the HOR CENT 
control R64 shown on the schematic. 
The location is also shown in Fig. 8.9B. 
The fundamentals of this type of sweep 
circuit were described in Chapter 2. 
R52, RI 14 and Riló in the secondary 
of T4 (input to horizontal damper Vil) 
are used to prevent oscillations in the 
damper circuit. Should these oscillations 

occur, narrow, closely-spaced vertical 
bars would appear on the left-hand side 
of the picture. 

The amplifying section of V9 receives 
vertical driving pulses from pin No. 23 
of camera cable connector JI. The out¬ 
put is used to drive the grid of the 
vertical discharge section of V9. The 
amplitude of this sawtooth output is 
determined by the adjustment of R104, 
which is the HEIGHT control illustrated 
in Fig. 8.9B. This saw voltage is ampli¬ 
fied by V8, a two-section in cascade re¬ 
sistance-coupled circuit. Potentiometer 
R99 in the cathode of the first ampli¬ 
fier stage serves as the vertical linearity 
control. The location on the camera is 
shown in Fig. 8.9B. The amplified saw 
from V8 drives the grid of the vertical 
output stage V7, which in turn is 
coupled to the vertical deflection coils 
by transformer T3. Vertical centering 
is adjusted by R67. The centering con¬ 
trols obtain their centering voltage 
from the return circuit of the regulated 
power supply, pin No. 14 of JI. 
The high-voltage required for the 

multiplier sections in the pickup tube 

Figure 8.9C. Side view — left. 
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F gure 8.9D. Side view — righ*. 

is supplied by the conventional “fly¬ 
back” power supply with an 8016 recti¬ 
fier (V13) and a 6V6-GT pulse ampli¬ 
fier V14. The pulse voltage appearing 
ar, T4 across the H deflection coils is 
app'ied to the grid of pulse-amplifier 
tube V14 through R89. In the retrace 
flyback time the high-voltage pulse pro¬ 
duces a rapid change of plate current 
in V14, which results in an induced 
high voltage pulse in the secondary of 
T2, which is tapped to supply the re¬ 
quired filament voltage to the high volt¬ 
age rectifier V13. This half-wave recti¬ 
fier puises the filter circuit R61, C29 
and C30, delivering the high DC poten¬ 
tials for VI. The unbypassed screen¬ 
grid of tube V14 provides a degenera¬ 
tive action which aids in maintaining 
constant output. 

Fig. 8.9D illustrates the components 
in the right side of the camera. Relay El 
shown in this view (and adjacent to 
tally lights in schematic), is actuated 
from a switch in the switcher-mixer 
unit. When closed, this supplies the nec¬ 
essary voltage for tally lights A2, A3 
and A4. Jacks J3 and J4 provide tele¬ 
phone channels for use by production 
personnel at the camera. A double plug 
on the headset connects one earphone to 
program sound and the other earphone 
and a microphone to J4 for intercom¬ 
munication. Jacks J5 and J6 on the other-
side of the camera (Fig. 8.9C) are sup¬ 
plied for the cameraman. The blower 
motor is normally controlled by the man¬ 
ual switch S8 shown in Fig. 8.9D, but if, 
by accident, this switch is left “OFF,” 
a thermosnap switch (see upper center 
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section of schematic) powers the motor 
automatically when the camera temper¬ 
ature rises excessively. 

As described in Chapter 2 and else¬ 
where in this text, camera blanking 
is driven from the same pulses used for 
horizontal and vertical driving of the 
sweeps. Horizontal driving is received 
on pin No. 22 of JI, and vertical driv¬ 
ing on pin No. 23. Both of these signals 
are applied to the two grids of V10 as 
shown and mixed and clipped in this 
stage. The composite blanking signal 
is then amplified in one triode section of 
V10, and coupled to the target mesh of 
the image orthicon tube. This drives 
the target into the negative region dur¬ 
ing retrace time and prevents appear¬ 
ance of retrace lines in the picture. The 
target becomes sufficiently negative so 
that all beam electrons are repelled dur¬ 
ing this interval, providing a reference 
potential corresponding to black level. 
Keyed clamping circuits then maintain 
this DC potential at the same signal 
reference throughout the system. 

Special precautions are necessary in 
checking frequency response, and in 
aligning peaking circuits in a camera 
pre-amplifier. For example, it is sug¬ 
gested that the input capacitor C13 be 
disconnected from grid terminal pin 
No. 1 of V2. The image orthicon tube 
should be de-activated by removing the 
diheptal socket (Fig. 8.9F) from the 
tube base. A switch S6 may be noted in 
series with the coax line output at the 
upper right of the schematic diagram. 
This switch is actuated by the turret 

handle such that when the handle is 
squeezed to permit turret rotation, the 
switch closes to insert a 51 ohm re¬ 
sistor, and opens the coax output line. 
This prevents video output when the 
lens turret is being operated. The tur¬ 
ret handle may be fastened in the com¬ 
pressed position for the alignment pro¬ 
cedure. Also shown in series with this 
output line is a 150 ohm resistor R23, 
and the oscilloscope detector is con¬ 
nected to the low side of this resistor. 
R23 is physically located just under the 
V7 socket. 

Peaking circuits T8 and T7 may then 
be aligned as described in the preceding 
section 8.3, by feeding the sweep gener¬ 
ator to the grid terminals of V5 and 
V4 respectively. The response of these 
stages from V4 to R23 should be es¬ 
sentially flat to 8 me. The sweep gener¬ 
ator gain should be adjusted to give 
approximately 14 volt peak-to-peak at 
the scope detector input, which prevents 
overloading of any stage with conse¬ 
quent false patterns. 

A special corrective input circuit re¬ 
quired for the rest of the alignment is 
shown in Fig. 8.9E. To avoid inductive 
and capacitive effects of one large re¬ 
sistor, three 14 watt resistors are used 
in series. This network is used to feed 
a 100 kc square wave to pin No. 1 of 
V2. With the gain control set at maxi¬ 
mum and high-peaker (C20) at mid 
position, the 1000 ohm potentiometer of 
Fig. 8.9E is adjusted so that the square 
wave reproduced on the scope screen 
(still connected as above at R23) has a 

Figure 8.9E. Input circuit recommended by RCA for testing Image Orthicon pre-amplifier. 
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Figure 8.9F. Top View. 

perfectly flat top exhibiting no tilt. This 
setting is then left fixed and the sweep 
generator fed to the input terminals 
of the network in place of the square¬ 
wave generator. Peaking circuits T5 and 
T6 may then be adjusted for optimum 
response. The overall amplifier response 
should be essentially fiat to 7 mega¬ 
cycles. 
When response of camera pre-amps 

begin to fall-off as may be apparent in 
gradual degradation of resolution in 
pictures, these alignment procedures 
should be carried out. The faulty stage 
may usually be quickly isolated by such 
procedure, and components in that stage 
checked by the conventional servicing 
techniques. 
The maintenance engineer will find 

many occasions to remove and replace 
the image orthicon tube. It is true that 
only considerable practice will enable 
him to do this with utmost efficiency 
and safety, but some suggestions and 
warnings may be of help to the new¬ 
comer. As illustrated in Fig. 8.9F, it 
is not possible to view the shoulder 
socket with the tube shield and yoke 

assembly in place, since this socket is 
inside the shield and yoke. Therefore, 
with the turret and mask removed (sec¬ 
tion 6.2) the image orthicon must be 
inserted with the aid of the markers on 
the face of the tube and near the rear 
socket. The initial position for start of 
the tube insertion is white marker on 
face of tube pointing down, and marker 
near rear sockets facing upward. Since 
the tube may be inadvertantly turned 
ever so slightly during insertion, a pilot 
hole is provided in the bakelite tubing 
at the rear of the yoke (Fig. 8.9F) as 
an aid in locating the base marker which 
should be on top and visible through 
this hole. With one hand supporting the 
base and the other hand supporting the 
front, the tube must then be gently 
moved around until the shoulder pins 
slip into the shoulder socket. A. sense 
of ‘ feel” must be developed here and 
the newcomer must remember NOT to 
exert undue pressure since the shoulder 
pins of this highly expensive tube can 
easily be damaged beyond repair. After 
the tube is properly seated, the mask is 
put back in place, the rear socket put 
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onto the tube pins, and the turret re¬ 
placed. 

When the picture is “cocked” as men¬ 
tioned under operation in Chapter 6, it 
is necessary to rotate the entire yoke 
and image orthicon assembly with re¬ 
spect to the focus coil. To do this the 
viewfinder must first be removed, by 
depressing the viewfinder release but¬ 
tons (Fig. 8.9B) and lifting forward 
and up on the case. This leaves the top 
of the pickup head exposed as in Fig. 
8.9F. Normally the viewfinder must be 
in place for proper operation of the 
camera, and some re-adjustment is nec¬ 
essary in the alignment procedure to 
obtain an image reproduction on the 
monitor sufficient to properly frame the 
picture. The yoke and tube assembly 
is turned by grasping the thumb nut 
at the rear of the pickup tube and turn¬ 
ing in the necessary direction to 
straighten-up the picture. 

It sometimes occurs in practice that 
it is not possible to obtain adequate 
sweep for the image orthicon with the 
recommended 75 ma of focusing coil 
current. With inadequate sweep ampli¬ 
tude (undersweeping) the picture on 
the monitor is larger- than normal. In 
some instances this condition may be 
remedied by using a lower value of fo¬ 
cusing coil current. This adjustment in 
the RCA system is in the regulated 
power supply (section 8.12). 
Preventive maintenance on cameras 

is obviously a highly important sched¬ 
ule for any station. Equipment used in 
the field should be scheduled for a 
tighter schedule of inspection and test¬ 
ing than that used in the studio, since 
transportation of the units subject them 
to jarring, dust and moisture that 
studio units do not ordinarily undergo. 
Thorough cleaning and dusting mini¬ 
mizes current leakage and high-voltage 
arc-overs or corona effects. Any sharp 
points which tend to show corona ten¬ 
dencies should be flattened off as much 
as possible. All bushings, terminal 
boards and wiring should be inspected 
often, as well as resistors, capacitors, 
shielding, etc. Fuse caps and contacts 
in the holders must be kept clean. 

In cases of actual trouble, it is wise 
to first check for proper operation and 
adjustment of the alignment controls. 
Then check for correct input signals 
and voltages. Well over one-half of im¬ 
properly functioning cameras will be 
found to have a source of trouble in¬ 
cluded in the above, as well as simple 
tube trouble, which occupies almost all 
of the other half of trouble-causes. 

DC potentials of the image orthicon 
tube should be checked at the rear and 
shoulder sockets WITH IMAGE 
ORTHICON TUBE REMOVED. Only 
a high-resistance VTVM should be 
used, and a record should be kept of 
“normal” voltages for each camera 
used in the station. The voltages to 
ground with the tube removed should 
be within ±10% of the “Typical Op¬ 
eration Characteristics” for that par¬ 
ticular tube as listed in Section 2.2. 

The maintenance engineer will find 
many chances for efficient carry-over 
from conventional testing routines in 
preliminary checking of the TV cam¬ 
era. For example, touching the grid of 
V2 in the above described camera with 
a screwdriver will normally show evi¬ 
dence of regeneration or stray pickup 
at the output of the amplifier. This is 
the conventional pre-amp check. Where 
the picture amplifier is dead, this sim¬ 
ple method is used from the output 
stage back through the chain of stages 
until such effect disappears. Point-to-
point analysis of that circuit may then 
be made. Where the trouble is quite 
apparently in the deflection circuits, 
waveforms should be checked with a 
scope both for shape and peak-to-peak 
voltage at points designated by the 
manufacturer. 

The following discussion concerns the 
schematic of Fig. 8.9A listing most 
common fault-occurrences and a typi¬ 
cal logical routine for isolating the 
cause. It should be noted that checking 
a TV camera involves the camera, cam¬ 
era control unit, power supply and a 
monitor such as the Master Monitor. 

NO SIGNAL. This condition may be 
divided into two parts; the case where 
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no signal, noise or anything appears on 
the camera control unit but does appear 
in the camera viewfinder, or where no 
signal appears at either monitor posi¬ 
tion. In the former instance, the trouble 
would be in the camera control unit or 
monitor, with which we are rot con¬ 
cerned at this time. (See next section 
for camera control.) When the signal 
does not appear in the camera view¬ 
finder simultaneously with no picture at 
the control unit or master monitor, the 
trouble may be assumed to be in the 
pickup head. Since nothing shows on 
the screen, we know that not even the 
sweeps are functioning, since otherwise 
the raster, or a horizontal or vertical 
line would be on the screen. The first 
thought is to look at the tubes for in¬ 
dication of filament supply. If these 
are on, the next immediate step is to 
check for B plus supply. If the current 
drain from the power supply is well 
within normal limits as indicated on 
the output meter, it is likely that the 
power supply is functioning normally 
and that the camera tubes are receiving 
B plus. This should be checked, how¬ 
ever, before going further, by checking 
this value at pin 14 of JI. Be sure that 
this camera cable is fastened securely 
at both camera and control unit. If 
power supply is ok, then switch S6, the 
turrett-handle micro-switch, may not 
be properly operating when turret 
handle is released. It should be noted, 
however, that if this is the trouble, the 
picture would appear on the viewfinder 
but not reach the camera control unit. 
This is so because the viewfinder re¬ 
ceives the video at pin 4 of J2, from 
the junction of R22 and R23 before 
the S6 position. Also, since the sweep 
circuits are not functioning, the most 
likely trouble is in the pow’er supply 
through the camera circuits. Point-to-
point check of the B plus and vacuum 
tubes must then be made. 

SWEEPS OPERATING BUT NO 
PICTURE. First check all operation 
of controls for inter-related effects. 
ADJUST TARGET and BEAM con¬ 
trols on control unit. Be sure GAIN 

control on camera is clockwise! Use the 
“finger” or screwdriver test at the grid 
of each video stage from V6 to V2 and 
watch for effect on raster, or pull each 
tube out of the socket momentarily and 
note effect. When stage is isolated, 
check voltages at that stage after as¬ 
certaining that the tube is good. Check 
V13 and V14. The voltage at R19 in the 
dynode divider network should be plus 
1300 volts. Check all image orthicon 
potentials. With a VTVM, check volt¬ 
age range on arm of BEAM control po¬ 
tentiometer, and ORTH FOCUS con¬ 
trol, both in control unit. 
HORIZONTAL SHADING INEFFEC¬ 
TIVE. First ascertain that all controls 
are adjusted for optimum results pos¬ 
sible as outlined in Chapter 6. Be sure 
sufficient GAIN is used in the camera 
pre-amp. Of special importance are ad¬ 
justments of MULTI FOCUS and 
BEAM current controls on the camera 
control unit. Observe the waveform on 
the master monitor CRO, since it may 
be that correct shading will be indicated 
there but not in the CRO waveform 
monitor of the control unit. Where this 
occurs, the resistors and components of 
the sweep output stage for the CRO in 
the control unit should be checked. If 
shading is definitely bad as indicated 
on all waveform monitors and visual 
observation of the picture, check the 
values of resistors R44, 45 and 46 as¬ 
sociated with the horizontal shading 
circuit in V4. Also cheek the value of 
R68 at the input of H coils in the de¬ 
flection yoke. Replace capacitor C21. 
VERTICAL SHADING INEFFEC¬ 
TIVE. Check w'aveforms (field fre¬ 
quency) at all waveform monitors as 
above. If shading is definitely needed 
and adjustment of the V shading con¬ 
trol has no effect or is not sufficiently 
corrective, check the resistors and ca¬ 
pacitors associated with this control 
in the control unit. 
PICTURE STRETCHED HORIZON¬ 
TALLY. It is assumed that this occurs 
on all monitors as well as view-finder, 
and that camera WIDTH control is in¬ 
effective over its normal operating 
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range. Since the picture is stretched 
horizontally, we know that the scanning 
amplitude in the H coils is insufficient, 
causing an underscanning of the target. 
Check continuity of the H deflection 
coils, T4 and all associated wiring. Use 
the oscilloscope to check the wave¬ 
shapes, and peak-to-peak amplitudes of 
VI1 and V12 and compare with manu¬ 
facturers data. 
PICTURE STRETCHED VERTI¬ 
CALLY. An indication of insufficient 
sawtooth current amplitude through 
the V deflection coils in the yoke. Check 
continuity of the V coils, T3 and all 
associated wiring. Use the oscilloscope 
to check waveshapes, and peak-to-peak 
amplitudes at V7, V8 and V9 and com¬ 
pare to manufacturers data. 
NEGATIVE PICTURE OR POOR 
CONTRAST. The engineer would first 
check for proper- operational function 
of beam current to target potential 
ratio. This condition may be caused by 
a target voltage too far positive, or by 
insufficient beam current. The next 
most likely cause is anything that 
would reduce video gain in the pre-amp 
stages V2 to V6. A check should be 
made for correct filament voltage at 
each tube, after ascertaining that all 
tubes are good by substituting new 
tubes of known condition. Check for 
poor soldered connections in filament 
wiring. If this has not cleared the trou¬ 
ble, a new image-orthicon tube known 
to be good by checking in a normal 
camera should be substituted. As a last 
resort, coupling capacitors C16, C19, 
C24 and C27 should be replaced one at 
a time with an exact type replacement. 
ABSENCE OF HORIZONTAL 
SWEEP. When H deflection is absent 
or intermittent, only a vertical line 
will appear on the viewfinder and moni¬ 
tor screens. Tubes V15, V12 and Vil 
would first be replaced one at a time 
with a tube known to be good. The next 
logical step is to check for receipt of 
horizontal driving pulses at pin 22 of 
JI and at pin 4 of V15. Continuity of 
action is then checked with the oscillo¬ 
scope from the output of V15 to the 

input of the horizontal coils in the de¬ 
flection yoke. If action is intermittent, 
check for rosin or cold-soldered connec¬ 
tions, faulty components or tube sock¬ 
ets. Check for proper resistive value 
of H coils. 

ABSENCE OF VERTICAL SWEEP. 
Same procedure as above, involving the 
circuits of V7 to V10, and pin 23 of JI. 

APPEARANCE OF BARS IN PIC¬ 
TURE. If bars appear- on the raster 
running horizontally (on all monitors), 
the B plus supply should be checked 
for excessive AC ripple as might be 
caused by defective filtering. Check po¬ 
sition, spacing and tightness of image¬ 
orthicon shielding in pickup head. Any¬ 
thing that would cause the vertical 
blanking waveform to appear on the 
target during normal scanning time 
would cause horizonal bars to appear. 
Check action of V centering resistor 
R67. Especially check the waveform 
and circuit components of the blank¬ 
ing amplifier and vertical feedback am¬ 
plifier V10. Check for proper amplitude 
of the horizontal and vertical driving 
pulses at the blanking mixer stage VIG. 
If the bars run vertically, horizontal 
blanking pulses might be appearing on 
the target at the wrong time. Check the 
stability of the horizontal centering re¬ 
sistor R64. Check action of the blank¬ 
ing circuits as above. Replace the H 
sweep tubes VU, V12 and V15. Check 
for proper amplitude of applied pulse 
at pin 4 of V15. If the vertical bars are 
only on the left side of the raster, the 
cause may be excessive oscillations in 
the damper action which resistors R52, 
R114 and R115 are intended to sup¬ 
press. Check the value of these resis¬ 
tors, which are located at terminal 3 on 
T4. Check for proper current waveform 
(oscilloscope) through the horizontal 
coils of the deflection yoke by opening 
temporarily at the coax connection on 
terminal 4 of T4, and inserting a 10 to 
20 ohm resistor across which the scope 
is connected. Improper current wave¬ 
form if a proper voltage waveform is 
applied will indicate a defective coil 
which must be replaced. Check action 
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of horizontal linearity resistor controls 
R74 and R81. 

By tnis time the logic of trouble¬ 
shooting a television camera may be 
realized as nothing particularly com¬ 
plex or complicated so long as all cir¬ 
cuit functions are properly orientated 
in the technicians mind. As a general 
rule the monitor screen serves as an ex¬ 
cellent initial analyzing instrument for 
quickly isolating the general nature of 
malfunctioning and approximate loca¬ 
tion. A properly aligned master monitor 
should always be used in testing the 
camera so that the camera control unit 
monitor and viewfinder monitor may be 
correctly interpreted. Any particular 
control which does not properly func¬ 
tion may then be quickly spotted. For 
example, if the IMAGE FOCUS con¬ 
trol should prove to be ineffective, that 
potentiometer and its associated cir¬ 
cuits in the control unit should be 
checked for component values. We also 
know that the IMAGE ACCELERA¬ 
TOR control on the camera affects this 
action of image focus, and associated 
circuits of this control would be checked 
for ineffective image focusing action. 

Similarly, if either centering control 
were ineffective, the components asso¬ 
ciated with that particular circuit 
would be checked for proper value 
after ascertaining that the proper cur¬ 
rent from the regulated power supply 
was available. In the case of an inef¬ 
fective alignment control, we have the 
ALIGN REVERSE switch, the angular 
adjustment of the alignment coil, and 
alignment current resistor R63 to be 
checked. An ineffective horizontal line¬ 
arity control calls for checking all H 
sweep tubes Vil, V12 and V15, and 
their circuit components. An ineffective 
vertical linearity control tells us to 
check V7 and V8, and/or ah circuit 
components associated with the verti¬ 
cal sweep circuits. 

The high-peaker control should be 
checked often. It will be noted that ro¬ 
tation in one direction will cause a 
black trailing smear, indicating low-
frequency phase distortion. In rotation 
through the opposite extreme, white 

overshoots occur indicating too much 
high-frequency compensation. At the 
optimum point in between, neither 
smear nor overshoot should appear. If 
it does, the peaking circuits must be 
aligned. 

8.10 The Camera Control Unit 
Testing and maintenance of the cam¬ 

era control unit is so closely related to 
the pickup head itself that most of such 
routine was included in the previous 
section. Of course the control unit con¬ 
tains a more elaborate video amplifier 
than is the case with the pickup tube 
pre-amp in the camera, since blanking 
insertion, sync insertion (if only one 
camera is used), and clamping circuits 
are involved. The fundamentals of 
aligning and checking such circuits 
were outlined in section 8.3. The video 
amplifiers contain peaking circuits, and 
when aligning these transformers for 
optimum response it is remembered that 
any circuit involving clamping or 
blanking signal injection must be espe 
cially treated as discussed in that sec 
tion. In addition, the control unit usu¬ 
ally incorporates a high-frequency cor¬ 
rective circuit for varying length of 
cables which may be necessary for a 
particular camera. This circuit is va¬ 
ried by means of a switch which com¬ 
pensates for greater amounts of high-
frequency attenuation the longer the 
interconnecting cable. In the RCA cam¬ 
era control, this is a three-position 
switch marked 100, 500 and 1000 feet, 
and the tap nearest to the length used 
is selected. The associated electrical 
network is in the cathode circuits of the 
second and third video amplifiers in 
the control unit. 

Fig. 8.10A(l) and (2) illustrate the 
RCA field-type camera control unit 
with which the maintenance depart¬ 
ment at the studio is concerned, since 
all maintenance of portable equipment 
is carried out at that point. Such field¬ 
type equipment is also often used in 
studio set ups. Studio and field type 
equipment employ the same basic cir¬ 
cuits and are interchangeable in most 
commercial systems. In (1) is illus-
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Figure 8.10A. 

trated the physical location of the cable 
length compensation switch, as well as 
all components in the left side of the 
unit. In (2) is the view of the vacuum¬ 
tube side of the unit, and also shows the 
location of the “Target-Set” switch 
which has been added to later produc¬ 
tion models. This switch facilitates the 
adjustment for correct target potential 
since action is automatic as follows: 
With the momentary contact target¬ 

set switch held “in,” and TARGET 
control adjusted so that the picture just 
disappears from the monitor, approxi¬ 
mately 2 volts potential is automati¬ 
cally applied to the target mesh upon 
release of the switch. Since the opti¬ 
mum range of target voltage is 1.9 to 
2.2 volts above cut-off, this circuit per¬ 
mits quick adjustment for any given 
scene. Thus when the scene changes to 
a different contrast or brightness level, 

or the lens iris adjustment must be 
made, a very rapid adjustment of opti¬ 
mum target voltage for that particular 
scene is possible. Remember that the 
target cut-off potential is related to the 
brightness of the scene. 

Fig. 8.10B illustrates the simplified 
schematic of the target-set switch along 
with the orthicon focus and multiplier 
focus controls. The continuation of 
these circuits may be traced out from 
their respective pin termination on JI 
in Fig. 8.9A. As shown, a negative 
voltage is fed through the target con¬ 
trol to balance the positive voltage 
which allows a variation of approxi¬ 
mately —5 to +5 volts on the target 
mesh by adjustment of the TARGET 
control. Remember in this connection 
that actual DC voltage to ground of 
the target is not the final criterion of 
target cut-off point, but rather the 
amount of light reaching it from the 
lens system. The values of resistors in 
this circuit are such that with the tar¬ 
get-set switch depressed (closed), and 
the TARGET control rotated to just 
cut off the picture, when the target-set 
switch is released (opened), the target 
is automatically restored to about 2 
volts above cut-off for that particular 
scene. 

The camera control unit not only am¬ 
plifies the video output from the camera 
pre-amp, but also receives the horizon-

Figure 8.10B. Simplified schematic of target-set 
switch, multi-focus and ortb focus controls in 

RCA camera control unit. 
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tai and vertical driving pulses from the 
sync generator, amplifies them in two 
stages of amplification each, and feeds 
them to the camera pickup head. The 
signal continuity, waveform and peak-
to-peak amplitude are checked with an 
oscilloscope as described previously for 
such amplifiers. As in all equipment, 
clean! i mess is of prime importance and 
routine cleaning of all components 
should be carried out. 

8.11 Switching and Mixing I nits 

The only difference between mainte¬ 
nance of the switcher system and other 
units is in type of control switches. This 
system involves a large number of 
push-button assemblies, in most cases 
interlocked, and, in the case of re¬ 
motely-controlled relay systems, a large 
number of video relays. Also usually in¬ 
cluded in this system are the intercom¬ 
munication sound circuits to the cam¬ 
eras and production staff, as well as 
to the relay transmitter on field units. 

The fundamentals of switch mainte¬ 
nance were covered in section 8.2. Ac¬ 
tually the most common source of trou¬ 

ble in switching systems is minute 
amounts of dirt or foreign matter on 
the contacting surfaces. In the case of 
field equipment, mountings and connec¬ 
tions must be tightened and cleaned 
often. See that all moving parts of the 
switch assembly move freely without a 
tendency to bind and with sufficient 
tension. A flashlight and dental mirror 
are handy tools to have in inspecting 
and servicing certain types of switches. 

Relays should be inspected often for 
correct spacing and proper line-up of 
contacts. See that connections are 
tight and that wiring is not becoming 
frayed. Cultivate the habit of feeling 
the coils for signs of excessive heating, 
as may be indicated by charred insula¬ 
tion wrappings around coil. Routine 
cleaning of contacts may be done by 
simply pulling a narrow strip of can¬ 
vas or linen cloth through the contacts 
with the points held closed a sufficient 
amount to gain good contact. At longer 
intervals, crocus cloth should be dipped 
in carbon tet fluid for this process, fol¬ 
lowed by a dry linen cloth. 

Figure 8.12A. RCA Reguloted power supply. 
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8.12 Regulated Poti er Supplies 

The low-voltage regulated power sup¬ 
ply provides a source of regulated DC 
for the camera and camera control unit. 
Another such power supply is usually 
used to provide this voltage to the 
mixer switcher unit and master moni¬ 
tor. The sync generator usually em¬ 
ploys its own regulated supply. 

Fig. 8.12A illustrates one type of 
RCA power supply. This particular 
unit provides 950 mills of DC at any 
voltage between 270 and 285 volts. The 
output voltage is maintained constant 
over a load change of 500 mills and 
through input voltage variations of ±4 
volts. In addition, it contains the cen¬ 
tering-current supply, and a regulated 
current output of 60 to 80 ma for a 
magnetic focusing coil in the pickup 
head. 

Shown on the control panel is a pri¬ 
mary tap switch and voltmeter which 
permits use on a line voltage from 98 
to 129 volts. The focus coil current ad¬ 
justment and output voltage adjust¬ 
ment is also shown. The external meter 
jack permits checking the loading of 
the parallel regulating tubes, as well 
as total current, focusing current and 
output voltage. 

It is recommended that the mainte¬ 
nance department keep records of plate 
current readings of the regulator tubes, 
so that any tube which deviates more 
than 30% above or below average may 
be replaced. When the plate current of 
any tube falls to 70% of its initial 
value, a new tube should be installed. 
Either defective tubes or an excessive 
load will cause poor regulation in the 
supply. 

The blower supplies proper ventila¬ 
tion to the cabinet and draws outside 
air through a filter which should be 
cleaned monthly. The positive side of 
the rectifier circuit is connected to the 
filter network through the contacts of 
a thermal-delay relay, which prevents 
loading on the rectifier tubes for about 
% minute, allowing filaments to reach 
normal operating temperatures. 

8.1 3 Maintaining the Sound 

Maintenance of sound equipment in 
the television station does not differ 
from conventional methods of well 
planned inspection and audio testing. 
Microphones, cables, stands and 

booms should be given daily or weekly 
inspection. Microphones and their ca¬ 
bles should be given an especially close 
inspection after every rugged field trip. 
The best way to check mikes and their 
cables is to connect each one in turn 
to an amplifier of known characteris¬ 
tics and listening on headphones (to 
prevent acoustic feedback from a loud¬ 
speaker) while the cord is “jiggled” all 
the way up and down the entire length. 
Pay particular heed to each end of the 
cable where connector plugs are at¬ 
tached. Examine all pins and plug 
shells for looseness or cracks. After 
checking, clean all cabling with a 
slightly damp or oiled rag and wipe 
clean with dry cloth. Should any “fry¬ 
ing” noise be detected when jiggling 
the cable, or winding and unwinding 

Figure 8.13A. (1) Top raised. (2) Console raised 
in servicing position. 
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short portions of the cable in the hands, 
cheek the connections of the cable at 
the connector terminations first. If the 
noise is a result of frayed wiring under 
the insulation through the length of the 
cable, it is better to install a completely 
new one than attempt repair of the de¬ 
fective cable. Severe hum and noise is 
usually an indication of an open shield¬ 
ing along the cable, and the entire cable 
should be replaced. 

A “dead” broadcast mike is usually 
the result of an open connection either 
at the connector terminations or on the 
transformer within the mike assembly. 
Examine the ribbons in velocity micro¬ 
phones for signs of sagging, stretch¬ 
ing, or mis-alignment between the pole¬ 
pieces. 
Mike stands and booms should be 

examined for smooth operation of lock¬ 
nuts, thumb screws or any of the vari¬ 
ous friction arrangements used. All 
moving parts in the mechanisms of the 
television mike boom should be lubri¬ 
cated at points designated by the par¬ 
ticular manufacturer. The dolly wheels 
and adjustment mechanisms must be 
maintained for ease and quietness of 
operation. 

Audio jacks on patch-panels that are 
used often are sufficiently self-cleaning, 
and very little maintenance is neces¬ 
sary. Where used only for emergency 
re-routing of signal paths, however, 
periodic insertions and removals of the 
patch cords should be practiced so that 
contacts are kept clean. It is well to 
check continuity of such circuits with 
a tone at periodic intervals. Patch cord 
plugs should also be cleaned and pol¬ 
ished on a regular schedule. 

Fig. 8.13A illustrates two views of a 

typical sound-mixer control console as 
used in broadcast and TV stations, 
showing accessibility of tubes and serv¬ 
icing position important to efficient 
maintenance and quick location of trou¬ 
ble in emergencies. The components re¬ 
quiring the most maintenance are the 
attenuators and switches. Attenuators 
(mixers) usually will begin to get 
noisy from 8 to 10 weeks after clean¬ 
ing. The shield around each fader is 
easily removed by two thumb screws, 
exposing the contacts. These should be 
wiped clean with carbon tet on a clean 
lint-free cloth, and lubricated with a 
good grade of electric contact oil or 
other special lubricant made for this 
purpose. This is to prevent excessive 
wear which otherwise occurs. Noise 
originating in faders may result from 
any of the following causes: dirty con¬ 
tacts, improper tension on the rotating 
arm leaves, wear of contact faces, fail¬ 
ure of the moving contacts to properly 
connect with the stationary contact 
faces causing a “break” before “make,” 
or failure of the reverse end of the re¬ 
movable arm to properly connect with 
the contact bar. 
Attenuators which have not been 

properly lubricated over long periods 
of usage will show signs of uneven 
wear on the contact faces. Excessive 
tension of the moving leaves will also 
cause wear. The tension is very deli¬ 
cately adjusted and the moving arm 
should never be removed except when 
absolutely necessary. Contacts which 
show weal- and cause noise may some¬ 
times be corrected by crocus cloth fol¬ 
lowed by a thorough cleaning with car¬ 
bon tetrachloride. Usually, however, it 
is advisable to install a new fader. 
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CHAPTER 

Field Equipment and 
Set Up Procedures 

9.1 Television Relaying Problems 

The wide variation of conditions 
which must be met by the field depart¬ 
ment of the TV station presents a con¬ 
tinual challenge to engineers in provid¬ 
ing proper power, interconnection of 
equipment, orientation for smooth pro¬ 
duction coordination, and microwave 
relay pecularities. This very challenge 
provides the incentive for many engi¬ 
neers to select the field department as 
the most interesting of all. Certainly 
it may be said that the field engineer 
faces little chance of finding himself in 
a daily routine which never changes. 

Fig. 9.1A illustrates the basic prin¬ 
ciple of a studio-to-transmitter link, in 
which the locations become permanent 
for a given set of conditions. The nat¬ 
ural earth curvature at sea level is 
shown. In the path of the relay propa¬ 
gation signal, the map elevation (height 
above sea level) and height of obstacles 
such as buildings, etc., must be added to 
determine the necessary height of the 
respective relay antennas. This propa¬ 
gation path should be a minimum of 
100 feet above the highest obstacle as 
determined by the above method. 

Let’s assume for the moment that the 
distance from the studio building to 
the transmitter site is 20 miles. It is 
determined by survey that the tallest 
obstacle in the desired propagation 
path is 5 miles distant, where the map 
elevation is 1000 feet with a 300 ft. 
building. The studio building is on a 
site 800 foot map elevation (above sea 
level), and the studio building is 600 

feet high. Thus the total height at the 
top of the studio building is 1400 feet, 
and the calculated height of the tallest 
obstacle in the propagation path is 1300 
feet. If we considered only a flat sur¬ 
face, we would determine that the re¬ 
lay transmitter dish could be mounted 
directly on top of the studio building 
which would be 100 feet over this ob¬ 
stacle. Remember, however (section 
5.2), that correction must be made for 
earth curvature, as it is noted from 
Fig. 9.1A that a point 5 miles distant 
will be effectively higher by this amount 
of curvature. The correction is stated 
(review section 5.2) : 

-(—ï Æ1V 
\ 1.23 / \ 1.23 / 

where e is the correction in feet, D 5s 
% the distance between the respective 
antennas, and d is the distance in miles 
to the point on the path to be corrected. 
In the above example for 20 miles be¬ 
tween terminals: 

65.6 — 16 - 49.6 or approx. 50 feet. 
Thus 50 feet should be added to the 

1300 feet for the obstacle, and our prop¬ 
agation path is actually only 50 feet 
higher than the calculated tallest ob¬ 
ject. In practice, it would be desirable 
to mount the relay transmitter dish on 
top of a 50 foot tower atop the studio 
building, providing the receiver loca¬ 
tion was not sufficiently high to place 
the line-of-sight path at least 100 feet 
over the highest obstacle. 
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Working out this correction formula 
for various distances between termi¬ 
nals, it may be found that the maximum 
amount of correction (occurring at the 
half-way point) for a 20 mile separa¬ 
tion, would be approximately 65 feet; 
for 30 miles approximately 150 feet, 
for 40 miles approximately 260 feet, 
etc. 

To effectively visualize the usefulness 
of this relationship, the formula may 
be turned around to give the necessary 
correction in feet of the effective height 
of the terminal points. That is: 

-o’- (¿y 
and it is noted that the answer will al¬ 
ways be negative. This correction in 
feet is then simply subtracted from the 
actual height of the terminal antenna 
to obtain the effective height under the 
associated conditions. 

The same basic procedure is followed 
in determining necessary steps to take 
for relay of field events such as may 
originate from stadiums, boat races, 
etc. In some cases it is most convenient 
to employ the microwave relay receiver 
mounted at the transmitter tower and 
handled from that point as a terminal. 
In other cases, especially where the 
studio is centrally located in a high 
building, the relay receiver is tower 
mounted at that point. Obviously the 
two facilities could be combined and the 
most efficient point of reception em¬ 
ployed. Many field events are regularly 
scheduled affairs, and after initial and 

satisfactory setup has been made, be¬ 
come routine in operation, insofar as 
the relay system is concerned. 

Whichever method is used, it is most 
helpful to obtain a good city map drawn 
to scale, and locate the tallest buildings 
or obstacles with a black crayon. Mark 
the map elevation at that point, or bet¬ 
ter yet the total of map elevation and 
height of structure. This sometimes 
takes considerable research time and is 
a good assignment for any new station 
contemplating field telecasts. With this 
type of accurate information available, 
considerable waste of time may be 
avoided later in attempting a relay 
point obviously impossible by the usual 
method of line-of-sight propagation. 
An example is roughly outlined in Fig. 
9.1B. In this case a football stadium 
and baseball field, likely prospects for 
telecasts, are located near the edge of 
the city in the directions shown. The 
highest point obtainable at the football 
stadium is found to be 150 feet above 
ground, and the highest point at the 
baseball field is 100 feet. These are 
added to the map elevation for these 
points, obtainable from local Geodetic 
Survey offices. The 600 foot studio 
building is located at a map elevation 
of 1000 feet, with the receiver antenna 
mounted atop a 50 foot tower giving an 
overall height of 1650 feet. The feasi¬ 
bility of line-of-sight microwave relay 
now depends upon distance to the ter¬ 
minal points, and effective height of 
the structures in the line-of-sight path. 
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Where the line-of-sight path may be 
calculated only a few feet higher than 
obstacles, a test-transmission is the 
only way to be certain of results. The 
100 foot minimum is recommended to 
compensate any slight errors in cal¬ 
culation, and to avoid the well-known 
vagaries of microwave transmission. 
Obstacles close to the path cause trou¬ 
ble from reflections and phasing of the 
microwave beam, as well as loss of sig¬ 
nal strength. These conditions are not 
always the same; atmospheric “ducts” 
influence the propagation path to some 
extent by differing amounts from time 
to time, and the farther “in the clear” 
the microwave beam, the less is the 
likely degradation of signal. 

It should be borne in mind that, as a 
general rule, the orientation of the re¬ 
ceiver dish is limited to two basic ad¬ 
justments: (1) horizontal direction, 
and (2) tilt. The dish is mounted as 
high on the tower as is feasible for 
that particular installation, and height 
is therefore usually a fixed value. 

Let’s take the information from the 
ma<i of Fig. 9.IB on a direct line from 

the studio receiver location to the foot¬ 
ball stadium, and see how a field engi¬ 
neer would assemble his initial esti¬ 
mate of possible relay setup. It has 
been determined that the highest ob¬ 
stacles along this path are the power 
and light building and a water tower. 
For illustrative purposes, we will as¬ 
sume that the power and light building 
is 3 miles from the studio, at a map 
elevation of 1000 feet (same as studio 
building), with a height above ground 
of 400 feet, totaling 1400 feet eleva¬ 
tion. We will also assume that the 
water tower is 3 miles this side of the 
stadium, at a map elevation of 700 feet, 
with a height above ground of 100 feet, 
totaling S00 feet. We may tabulate 
our data as follows: 

Total height of receiver dish = 1650 
feet. 

Total height of P&L bldg. = 1400 feet. 
3 miles from receiver. 

Total height of water tower = 800 feet. 
3 miles from transm. 

Total height of transm. dish = 950 feet. 

WATER TOWER 

BUILDING HGHT 600' 
OVERALL HT TO 
DISH 1650’ 

Figure 9.1 B. 
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Total distance from transmitter to re¬ 
ceiver = 10 miles. 
To visualize the effect along the prop¬ 

agation path, a linear graph may be 
drawn up from the above data as in 
Fig. 9.1C. Since the highest point on 
the receiver side of the earth curva¬ 
ture is at a distance of three miles, it 
is necessary to correct the actual 
height of the receiver dish for that dis¬ 
tance. Since the total distance is 10 
miles: 

Thus the actual height of 1650 feet 
should be reduced by 1650 —14 equals 
1636 feet effective height. This is drawn 
to scale on linear graph paper as in 
Fig. 9.1C, along with the actual total 
height of the power and light building 
at 3 miles distant. Since the water 
tower is also three miles from the 
transmitter' dish on that side of the 
earth curvature, the same corrective 
factor is applied to the actual height, 
and the corrected height drawn to 
scale. The two terminal points may 
then be connected as by the dotted line 
as shown, and the height of the propa¬ 
gation path above the tallest obstacles 

(950 -33) = 
.917 FT 
(CORRECTED HT.) 
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is indicated. It is noted in this instance 
that the power and light building, al¬ 
though its actual total height is some 
230 feet lower than the receiver dish, 
is very near to the path of propagation 
(point 1). Since the formula used as 
well as the estimated heights are only 
approximate, an actual trial would be 
necessary to determine the effectiveness 
of relay operation in this instance. It 
should be observed that if the trans¬ 
mitter location were actually closer 
along this same path, the “shadow” of 
the power and light building would pre¬ 
vent use of the microwave relay. Other 
methods as described later would be 
necessary. It is also observed from this 
graph that the water tower (point 2) is 
approximately 300 feet below the path 
of propagation and its effect would be 
negligible. 

Fig. 9.11) illustrates the same condi¬ 
tions if the separation of the terminals 
was 15 miles instead of 10 miles. The 
tallest obstacles are still assumed to be 
3 miles from the respective terminal 
points. In this particular case, although 
the correction is greater due to the 
greater distance (approximately 33 
feet), about 80 foot clearance is ob¬ 
tained at point 1, while the clearance 
at point 2 has been decreased to 240 
feet. (Still negligible in effect.) It 
should be observed that if the height of 
point 1 were moved farther along the 
distance axis, the relay would definitely 
not be practical at microwave frequen¬ 
cies, between these two direct points. 

When a remote point is not in a pos¬ 
sible direct line-of-sight propagation 
path, it is not to be inferred that a 
microwave relay of a program from 
that point of origin is impossible. Due 
to the inherent nature of the micro¬ 
wave beam, it may easily be bent 
around corners if the proper relative 
factors are considered. The first con¬ 
sideration is in determining a common 
point which is in a position to afford 
line-of-sight characteristics to both the 
receiving and transmitting points. In 
the unusual circumstance when no such 
single and common point exists, several 
points may be judiciously chosen to pro-

Figure 9.1 E. 

vide a “zig-zag” path between termi¬ 
nals. Fig. 9.IE illustrates the funda¬ 
mental principle involved in this proce¬ 
dure. The reflecting surface should be 
flat for maximum efficiency in reflection 
characteristics, and orientated so that 
the angle of beam reflection is proper 
for receiver dish location. Such reflect¬ 
ing surfaces may actually be a suffi¬ 
ciently tall steel-constructed building 
or other structure that may be properly 
orientated for the purpose. When sueh 
is not available, a solidly supported 
copper screen of 6 to 8 feet square may 
be used, and some stations construct 
several of these reflectors for just such 
contingencies. When aligning relays of 
this type, it is necessary to install a 
PL (private line) at the reflector point 
as well as the other terminals so that 
maximum orientation of all elements in 
the system may be attained. 

The advisability of using some con¬ 
veniently located curved surface as a 
relay-beam reflector will depend upon 
several factors. Fig. 9.1 F illustrates 
the characteristics of the reflected beam 
from a curved surface. It was observed 
from the previous illustration that the 
reflected power density from a flat sur¬ 
face is the same as the incident power 
density, since angles of reflection and 
incidence are equal. When the surface 
is curved, however, the reflected beam 
diverges an amount depending upon 
the angle of incidence. In (1) of Fig. 
9.IF, the effect of a large angle of in¬ 
cidence is shown. Thus the power dens¬ 
ity is less in the reflected beam than 
that received from the original beam. 
This factor not only decreased the re¬ 
ceived field strength, but enlarges the 
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Figure 9.IF. (1) When reflection is caused by a curved surface, the reflected power density of the 
radio beam is less than that contained in the incident beam by an amount dependent upon angle 
of incidence. (2) Illustrating the great divergence of beam caused by reflection from a curved surface 

at a small angle of incidence. 

possibility of troublesome reflections 
from other objects which may cause 
“ghosts” and other phasing effects. As 
the angle of incidence decreases toward 
the “grazing” angle as in (2), the cross 
section of the transmitted beam im¬ 
pinges on a greater curved area of the 
reflecting surface and the divergence 
increases, decreasing the power density 
still further. If such a reflecting sur¬ 
face is very close to the receiving dish, 
its use may be entirely practical since 
sufficient power may be available and 
reflections are minimized. If such a sur¬ 
face were closer to the transmitter dish 
than the receiver dish its use would be 
entirely impractical. The factors which 
determine the practicability of this type 
of reflecting surface may be seen to in¬ 
clude amount of curvature (size or cir¬ 
cumference of object), angle of inci¬ 
dence, and distance from receiving dish. 

9.2 Microwave Equipment and 
Setup Procedures 

An illustration and functional block 
diagram of the RCA Microwave Trans¬ 
mitter is illustrated in Fig. 9.2A. The 
radiator is a 4 foot diameter metal 
parabola, fed to its focal point by the 
hook-shaped waveguide, designed for 
operation in the 6800 to 7050 megacycle 
band. The power output of the trans¬ 

mitter is about 100 milliwatts, while the 
parabolic reflector provides a power 
gain of 5000 resulting in an ERP of 
500 watts. The half-power beamwidth 
is around 3 degrees (section 5.2). 

In the microwave region of 7000 me., 
separation of the transmitter and an¬ 
tenna is not attempted, and the trans¬ 
mitter is an integral part of the para¬ 
bola as shown in (1). The transmitter 
chassis is mounted in the cylindrical 
base at the rear of the parabola itself, 
and contains the oscillator and modu¬ 
lator circuits, a monitor and a wave¬ 
meter. A jack for an interphone is in-

Figure 9.2A. (1) Television Microwave relay trans¬ 
mitter. Courtesy RCA. 
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Figure 9.2A. (2) Functional Block D-agram of RCA TV microwave relay transmitter. 

eluded to provide communication with 
the control point during setup During 
the test adjustments, a jack is provided 
for monitoring, and another for meter¬ 
ing. The oscillator which comprises the 
entire r-f portion of the FM video 
transmitter is a type 2K26 Klystron, 
mounted in a shielded compartment on 
the chassis in such a position that the 
base extends directly into the wave¬ 
guide which bounces the rf energy into 
the focal point of the parabola. This 
oscillator compartment is temperature 
controlled for utmost frequency sta¬ 
bility. 

The Klystron oscillator (detailed 
later) is frequency modulated by vary¬ 
ing the reflector electrode voltage at 
video frequency. Maximum deviation 
for this transmitter is 10 megacycles 
with an average deviation of around 8 
me. with a polarity such that video sig¬ 
nal in the white direction causes an in¬ 
crease in transmitter frequency. The 
6AG7 modulator tube receives its input 
voltage from one of the three coaxial 
lines in the connecting cable. An input 
signal of 0.65 volts peak-to-peak from 
the transmitter control unit is sufficient 
for normal modulation of the transmit¬ 
ter. The frequency characteristic of 
the overall system is flat from 60 cycles 

to 6 me., and the phase shift at low fre¬ 
quencies is low enough so that a 60 
cycle square wave at the input will ap¬ 
pear at the output with less than 5% 
tilt. 

A wavemeter coupled into the wave¬ 
guide provides a reference for trans¬ 
mitter operating frequency calibration. 
A crystal detector is also coupled into 
the waveguide. The DC output of the 
crystal, which is a measure of the 
transmitter output, may be observed 
either at the transmitter (by jacks pro¬ 
vided) or at the transmitter control 
unit location. The AC output of the 
crystal is in terms of the AM output 
incidental to the normal FM and as 
such does not provide a picture signal. 
It may, however, be used to measure 
degree of modulation, and is amplified 
by a buffer amplifier and sent over one 
of the coaxial lines in the interconnect¬ 
ing cable to the transmitter control. 
Switches in the transmitter control can 
switch the output from the normal 
video voltage to the modulator to either 
of two 60 cycle test voltages (of fixed 
amplitudes) which are used to check 
deviation and output of the transmitter. 

The power supply and operating con¬ 
trols are located in the suitcase-type 
transmitter control unit which may be 
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located up to 400 feet from the trans¬ 
mitter. It is recommended in practice 
that this distance be kept under 250 
feet if possible. The regulated power 
supply provides 300 volts for the oscil¬ 
lator and modulator tubes, and a regu¬ 
lated negative supply for the oscillator 
reflector voltage. This is adjustable 
from —250 to —100 volts with a nor¬ 
mal output of 5 ma. Total supply re¬ 
quired from the 117 volt AC line is 150 
watts. A substantially constant output 
voltage is maintained for an input va¬ 
riation of 100 to 130 volts. 
The 2K26 Reflex Type Klystron is 

used both as the transmitter carrier 
wave generator and in the receiver as 
the local oscillator in conjunction with 
a crystal converter. This tube is illus¬ 
trated and basically described in sec¬ 
tion 5.2, Chapter 5. (See illustration, 
Fig. 5.2F.) 

An important operating characteris¬ 
tic of the reflex klystron are regions 
known as voltage modes. These regions 
are designated by a total range of re¬ 
flector voltage (see section 5.2) over 
which oscillations will occur. Oscilla¬ 
tions do not occur in the regions be¬ 
tween modes. Fig. 9.2B illustrates the 

fundamentals of voltage modes of op¬ 
eration and relative tuning ranges and 
power outputs for these modes. The 
electronic tuning bandwidth for each 
mode is in megacycles between two 
half-power points, for a given resona¬ 
tor voltage and variable reflector volt¬ 
age. It is observed that the maximum 
power output in each mode occurs at 
the resonant frequency of the cavity. 
In the “highest modes” of operation the 
electrons are bunched more slowly than 
lower voltage modes, resulting in 
smaller maximum power limits due to 
overbunching. These high modes, how¬ 
ever, give the maximum electronic tun¬ 
ing range as indicated by the graph of 
Fig. 9.2B. This is because the electrons 
crowd and uncrowd more slowly. The 
lowest modes of operation provide 
maximum limit of power output, but a 
decreased electronic tuning range due 
to the rapidity of bunching and un¬ 
bunching which imparts the energy to 
the output. 

Where electrical tuning is desired as 
in television relay transmission, a com¬ 
promise is made between maximum 
power output obtainable and maximum 
possible tuning range for the half-
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Figure 9.2C. From RCA tube data sheet. Courtesy 
RCA Tube Div. 

power limits. Only one mode of opera¬ 
tion is designated for the type 2K26, 
known as the “A” mode, which is the 
best compromise between optimum 
power output and a wide electronic 
tuning range. Fig. 9.2C illustrates this 
mode of operation. The two dashed lines 
show the probable range of reflector 
voltages required to produce the opti¬ 
mum power output. The middle solid 
line shows the variation of reflector 
voltage with frequency for a typical 
tube. 

The power output characteristic of 
the 2K26 oscillating in the designated 
mode “A” is shown in Fig. 9.2D. The 
curve indicates the power output in 
terms of operation with a fixed load 
having the characteristic impedance of 
the % by 1% inch wave-guide pre¬ 
sented to the coupling unit. The elec¬ 
tronic tuning characteristics are given 
in Fig. 9.2E. 
Ambient temperature changes will 

cause a resonator to expand or contract 
with consequent change in frequency. 
It is essential that the 2K26 be operated 
at an ambient temperature that is 
nearly constant. Hence the tube is usu¬ 
ally placed within a temperature-con-

Figure 9.2D. From RCA tube data sheet. Courtesy 
RCA Tube Div. 

trolled oven as in the RCA relay unit 
described. When the tube is first put 
into service, it should be mechanically 
tuned to the desired frequency. The 
tuner bow should then be flexed a num-

Figure 9.2E. From RCA tube data sheet. Courtesy 
RCA Tube Div. 
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Figure 9.2F. The console of the Mobile Unit. Courtesy RCA. Inside the vehicle at the rear is a spacious 
operating table on which is mounted the equipment for controlling the camera circuits, switching the 
cameras and observing the picture. Left to right are the audio amplifier and mixer, the master 
monitor, a switching unit and two camera control units. At the upper left is the microwave trans¬ 
mitter control unit, and below the desk are two power supplies and the sync generator, all suitcase¬ 

type units. 

bei' of times to relax the strains in the 
tuning mechanism. To insure an essen¬ 
tially stable frequency, the flexes should 
be successively decreased from a maxi¬ 
mum of one full turn to zero in 8 or 10 
flexes. 

The transmitter control unit is usu¬ 
ally placed in the operating position 
alongside the camera control units as 
in the illustration of Fig. 9.2F. This 
unit is essentially a power supply fur¬ 
nishing the required AC and DC volt¬ 
ages. Located on the control panel are 
the modulation level controls, modula¬ 
tion selection switch (for test or video 
selection), fine frequency control and 
monitoring meter. 

The microwave receiver, which may 
be located either at the main transmit¬ 
ter location or at the studio (when at 
different locations), is an exact replica 
in appearance of the transmitter. In 

this function the wave guide is shaped 
so that the open end, located at the 
focal point of the parabolic reflector, 
picks up the concentrated signal and 
feeds it to the receiver input. The re¬ 
ceiver input circuits are enclosed in the 
cylindrical weatherproof housing at¬ 
tached to the rear of the parabola. This 
includes the 2K26 Klystron heterodyne 
oscillator, crystal detector-converter 
and first 4 IF stages. Output at IF 
frequency between 110 and 130 me is 
fed over the connecting cable to addi¬ 
tional IF stages in the receiver control 
unit, which is located within 200 feet 
of the parabolic dish. The receiver re¬ 
quires a separate power supply which is 
in a similar-sized unit to the control 
unit. 
Jacks are mounted on the receiver 

chassis so that crystal detector current 
and grid current of the IF limiter stage 
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Figure 9.2G. Functional Block Diagram RCA television microwave relay receiver. 

in the receiver control unit may be con¬ 
veniently measured. By turning a knob 
on the receiver control panel, the IF 
gain is reduced unt 1 the grid current 
in the limiter stage is reduced to half¬ 
normal value, the setting of the gain 
control then indicating relative input 
signal. The operator may then use a 
meter to observe this current, and ad¬ 
just the orientation of the dish to obtain 
maximum output signal. 

Fig. 9.2G shows the functional block 
diagram of the RCA microwave tele¬ 
vision receiver. The control unit re¬ 
ceives the signal at ÍF frequency from 
the receiver pre-amp on the rear of the 
dish and amplifies it sufficiently to pro¬ 
vide satisfactory operation of the lim¬ 

iter and discriminator circuits. Two 
separate discriminator channels are 
provided. Each channel contains a lim¬ 
iter circuit, a balancing circuit, and 
the discriminator circuit proper. The 
first provides video signal to the video 
amplifier. This video amplifier feeds two 
outputs; (1) regular output line to 
studio control room (or main trans¬ 
mitter console if receiver is located 
there), and (2) signal to the monitor 
control circuits. The second discrimina¬ 
tor channel is used to generate a con¬ 
trol voltage for the AFC amplifier. Au¬ 
tomatic Frequency Control is very im¬ 
portant to stable operation of micro¬ 
wave relay receivers. The output of the 
AFC amplifier is used to control the 

Figure 9.3A. Basic Block Diagram of Field Ecuipment Setup. 
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frequency of the 2K26 heterodyne oscil¬ 
lator. It operates in such a way that the 
peaks of the synchronizing signal ap¬ 
pear at the same point of the discrim¬ 
inator characteristic within ±1 me. re¬ 
gardless of picture content. The AFC 
amplifier is a special type of DC ampli¬ 
fier which receives a DC signal vary¬ 
ing at a relatively slow rate, and am¬ 
plifies this to supply a control voltage 
to the reflector of the 2K26. This con¬ 
trol system will keep the receiver in 
proper adjustment for a change in 
transmitter frequency of ±20 me. The 
control of the voltage output of the 
AFC amplifier is the main adjustment 
on the 2K26 oscillator frequency, and 
therefore, the tuning of the receiver. 
This allows routine tuning of the re¬ 
ceiver at a console location where a 
monitoring kinescope and oscilloscope 
may be located. 

9.3 Setup of Field Equipment 

Most television stations that schedule 
a relatively heavy field programming 
use mobile trucks for transportion and 
set-up of equipment. A view of a typi¬ 
cal truck interior setup is illustrated in 
Fig. 9.2F. The microwave relay trans¬ 
mitter is often mounted on the roof of 
the truck itself. Where stadiums exist 
with high points within 200-400 feet of 
the control equipment set-up, the trans¬ 
mitter is placed atop this point and in¬ 
terconnected with the cable. The rear 
of the mobile truck contains reels upon 
which are wound camera, relay trans¬ 
mitter, and power cables. These reels 
may be conveniently swung out into the 
clear so that cabling may be run in any 
direction. Leased telephone lines 
through the local Bell Telephone Sys¬ 
tem are run to the field location for the 
accompanying sound. The field cameras 

Figure 9.3B. Interconnection of Field Units. Courtesy RCA. 
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may be as much as 1000 feet from their 
respective control units and mixer¬ 
switcher unit. All video, audio, and in¬ 
tercommunication is usually handled 
from this switcher position. 

Mobile trucks provide a convenient 
means for transporting the large 
amount of equipment and accessories 
necessary for a TV pickup. Adequate 
storage space is provided for at least 
three complete camera chains and power 
supplies, microwave relay equipment 
and parabolas, tripods, microphone and 
audio equipment, and tools. The power 
cable and associated equipment must 
be adaptable to any type of power 
source likely to be encountered, such 
as 115 volt -2 wire; 115-230 voit single¬ 
phase 3 wire; and 220 volt three-phase 
4 wire systems. 

Fig. 9.3A is a typical block diagram 
of field equipment set-up. It should be 
noted that each single camera chain is 
supplied by an independent power sup¬ 
ply. The field synchronizing generator 
is in two separate units; the pulse¬ 
former and pulse-shaper. Fig. 9.3B il¬ 
lustrates the actual interconnection of 
units in a two-camera field chain of 
RCA design. The extra master monitor 
and power supply shown in the block 
diagram of 9.3A is usually placed at the 
announcer’s position so that he may ob¬ 
serve the picture actually on-the-air 
at any particular time. 

After the equipment has been set up, 
cameras are aligned as in the studio, 
described in Chapter 6. 
In the RCA system shown in Fig. 

9.3B, the first installation inspection 
ami adjustment is on the Power Dis¬ 
tribution Box. This unit contains ter¬ 
minal-board links for adjustment to 
the particular power-supply source 
available, and pilot-lights to indicate 
operation. The links are on the terminal 
board at the rear of the box, and may 
be set for 3 types of power input as 
indicated in Fig. 9.3C. For the 115 
volt, single-phase 2-wire system, the 
line is fused for 60 amps. The proper 
link settings are made, and the white 
and red wires are connected to one side 
of the line, and the green and black 

wires to the other side. For the 115-230 
volt, single-phase 2-wire system, the 
links are adjusted as shown, the white 
wire terminated to neutral or grounded 
lead, the red to the outside lead, and 
the black to the other outside lead. The 
green is unconnected and the lug is 
taped to ihe cable. The line is fused at 
40 amps for this service. For the 220 
volt three-phase 4-wire system, the 
white goes to neutral or ground, the 
red, green and black to the line termi¬ 
nations. The line is fused at 30 amps. 
The operator will find that all makes 
of TV field equipment provide some 
comparable means of adapting the sys¬ 
tem to the type of power supply source 
encountered in practice. 

Just as at the studio, the sync gen-
erator must be placed in operating con¬ 
dition before camera alignment and 
testing may be undertaken. Fig. 9.3D 
shows the operating controls on the 
pulse-former and puise-shaper unit in 

Figure 9.3C. Link and wire connections for RCA 
Power Distribution Box. 
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Figure 9.3D. (1) View showing controls of RCA Pulse Former Unit. 

the RCA field system. It may be noted 
in (1) that the controls on this port¬ 
able unit are similar to the controls 
on the pulse-former unit of the studio¬ 
type sync generator. The controls on 
the pulse-shaper unit (2) are the same 
in function, but in this case are screw-
driver-adjusted with means of locking 
them in place to avoid changing from 
vibration or in transportation. Such 
units are usually adjusted at the studio 
and require little touching-up in the 
field. 

After setup of the sync generator 
units, its operation is identical to that 
at the studio. The COUNTER INDI¬ 
CATOR SWITCH is rotated to the 
chain of frequency dividers and asso¬ 
ciated controls adjusted to provide the 
required count-down in that circuit. 
The master oscillator is then adjusted 
to its “on-frequency” condition as in 
the studio generator. The adjustments 
on the Shaper unit are then checked 
by observing the pulses on a portable 
oscilloscope of suitable characteristics 
at its SYNC OUTPUT terminals. The 
NUMBER OF EQUALIZING PULSES 

control is adjusted for a total of 18 
equalizing and vertical sync pulses as 
observed. Then the VERTICAL 
PULSE DELAY control is varied until 
6 equalizing pulses appear prior to the 
vertical sync pulses. After this the 
NUMBER OF VERTICAL PULSES 
control is adjusted for the appearance 
of the 6 V sync pulses in the vertical 
sync pulse interval. 
When it is necessary to adjust the 

widths of the equalizing, vertical and 
horizontal pulses in the field, the scope 
is placed across the 75 ohm termination 
plug for that particular output on the 
output panel of the pulse-shaper unit. 
The widths of the blanking and driving 
signals may be checked in this same 
manner. Since the operator in the field 
will not have precision measuring 
equipment as may be found at the stu¬ 
dio, RCA describes a field method satis¬ 
factory for such measurement. For 
measurement of the 31.5 and 15.75 kc 
pulses, one-microsecond markers are 
placed on the scope screen in the usual 
way. In order to observe the rise and 
fall traces of the pulses, it is necessary 
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VERT DRIVING WIDTH HORIZ DRIVING WIDTH VERT BLANKING WIDTH HORIZ 
Blanking width 

HORIZ PULSE WIDTH 
VERT PULSE WIDTH 

EQUALIZING PULSE WIDTH VERT PULSE DELAY 
NO. OF VERT PULSES NO. OF EQUAL PULSES 

Figure 9.3D. (2) View showing controls of RCA Pulse Shaper, Fiefd Unit. 

to obtain some pulse delay with respect 
to the beginning of the sweep and to 
use external synchronizing for the 
scope. This sync signal may be ob¬ 
tained from the input end of the delay 
line in the pulse-shaper unit. The pulse 
to be measured may then be applied to 
the vertical amplifier of the scope, and 
the sync gain control adjusted until the 
start of the pulse coincides with one of 
the one-microsecond markers. The pulse 
width is then determined by counting 
the number of markers within the 
pulse. When the end of a nuise is not 
coincident with a marker, interpola¬ 
tion must be made or the distance ac¬ 
curately measured with a small-division 
ruler. 

Since the widths of the i>0 cycle 
pulses vary between 500 and 2000 mi¬ 
croseconds, the use of one-microsecond 
markers is impractical. Also since this 
is the same frequency as the power line 
to which the sync generator is ordi¬ 
narily locked, a method satisfactory for 
field use is to use a 60 cycle sine-wave 
sweep for the oscilloscope horizontal 
deflection. The 60 cycle sync pulse to 
be measured is then applied to the ver¬ 
tical plates of the scope, and the scope 
phased so that the pulse occurs during 
the most linear portion (center of hori¬ 
zontal sweep) of the sine wave. The 
picture on the scope screen is an edge¬ 

view of a circle with an arc dropped 
from it due to the occurrence of the 
pulse. The width of the pulse in per¬ 
cent is determined as follows: 

length of arc 
Percent width =-X 100 

circumference 

the circumference of the circle being 
determined by multiplying the length 
of the sweep (diameter of the circle) 
by pi, or 3.1416. 

Field measurements of pulse-widths 
are seldom necessary in practice ex¬ 
cept in emergencies when tubes have 
necessarily been replaced on location, 
or other adjustments have been neces¬ 
sary since leaving the maintenance de¬ 
partment at the studio. Master moni¬ 
tors for field use new under develop¬ 
ment permit checking of sync and 
blanking by the pulse-cross method by 
simply placing the kinescope switch in 
the “pulse-cross” position. 

As stated previously the highly im¬ 
portant coordinating element of inter¬ 
communication control is incorporated 
at the switcher position. In the RCA sys¬ 
tem described herewith a dual plug on 
the headset cord has one grooved or 
rounded edge that can be located with 
the fingertips without visual help. For 
proper circuit connections the grooved 
or rounded edge of the plug is placed 
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toward the right and inserted in the 
double jacks provided at each position. 
The field program director’s headset is 
plugged into jacks designated PROD 
which connect directly to the camera 
positions. By placing the “PROD PL” 
switch on the switcher panel to the up 
position, a private line from the studio 
director or production manager may be 
tied-in on this channel. Another switch 
is designated PROG SOUND in the up 
position, and DIRECTOR in the down 
position. This switch is normally op¬ 
erated in the up position, (PROG 
SOUND) and the program audio is 
carried to one earpiece in all headsets. 
By throwing this switch to the DIREC¬ 

TOR position, the field program direc¬ 
tor may talk to all operating person¬ 
nel over the program circuit. Normal 
operation provides separate communi¬ 
cation for engineering and production 
personnel over their respective private 
lines. When desired, or in case of fail¬ 
ure of engineering PL, a switch on top 
of the switcher unit may be thrown to 
a position where both engineering and 
production personnel use the program 
PL. 
Direct communication by wire be¬ 

tween the studio engineer and the relay 
transmitter control engineer is also pro¬ 
vided for purposes of aligning the 
transmitter with the receiver. 
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10.1 Preliminary Considerations 

Even before the field equipment can 
be set up and interconnected a number 
of preliminary considerations are in¬ 
volved. The type of event to be televised 
and the physical layout of the originat¬ 
ing point determines the nature of 
vantage points available, number of 
cameras to be used, and general orienta¬ 
tion of equipment. For example, in 
some cases where a mobile unit truck 
is available, circumstances will prevent 
setting up equipment inside the unit. 
This would occur if the vantage points 
of the cameras were necessarily more 
than 1000 feet from the nearest possible 
location of the mobile unit. This dis¬ 
tance is the maximum allowable sepa¬ 
ration between cameras and control 
units in all present makes of field equip¬ 
ment. Such separation is very unusual, 
however, in practice. 

The first preliminary consideration 
with which the technical director is con¬ 
cerned is the arrangement with the local 
Wire Order Chief (Bell Telephone Sys¬ 
tem) for the proper audio lines to be 
used. This ordinarily involves the in¬ 
stallation of at least two lines. One loop 
is equalized to at least 5000 cycles to 
carry the program sound. The other 
loop, in some instances, may be un¬ 
equalized, since it is used primarily for 
intercommunication between the remote 
location and the studio both du -ing pre-
liminary testing (such as microwave 
system alignment), and the actual tele¬ 
cast. The latter is a necessity when local 

cut-backs to the studio are involved 
during the field event. Both lines art 
run to the prescribed location of the 
switcher unit from which point it is dis¬ 
tributed via the intercommunication 
system. 

Several other preliminary arrange¬ 
ments may be necessary. As an ex¬ 
ample, it often occurs that construction 
of special operating platforms is neces¬ 
sary for cameras and other equipment 
to provide suitable vantage points. This 
involves not only actual construction or 
arrangement for same, but in many in¬ 
stances must be reported to local build¬ 
ing inspection teams as required by 
state laws. Some states require permits 
for such construction before work can 
be started. If a great amount of elec¬ 
trical wiring is involved, the local Board 
of Fire Underwriters must pass on the 
installation before use. It is important 
for the field Technical Supervisor to 
subscribe to the services of the local 
building and fire codes so that he is 
always acquainted with local laws and 
changes as they occur. Most station 
managements provide this subscription 
service for the use of the engineering 
department. 

The availability of required power 
drain from the power source must be 
considered. In general for 117 voit 
single-phase power lines, about 1000 
watts per power supply used in the field 
set up should be available. Approxi¬ 
mately 5 kw of power is ordinarily suf¬ 
ficient for a dual camera chain, and 
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7.5 kw for a triple camera chain. Some 
pickup points may occur in areas where 
only DC power is available. In this case 
a portable gasoline engine-driven AC 
generator of the required power capa¬ 
bility must be used. If the point in ques¬ 
tion is to be used on a seasonal basis, 
permanent installation of power lines 
from such a generator, or from the 
Power & Light Company may be war¬ 
ranted. 

10.2 Program Considerations 

The thought that must be given in 
planning and coordinating field events 
is emphasized by the magnitude of pub¬ 
lic interest in remote programs. If the 
reader carefully considers the most ap¬ 
pealing programs of his own experi¬ 
ence, he will realize that such events as 
baseball, football, political conventions, 
news events, wrestling and boxing are 
near the top of the list. Remote pro¬ 
grams are receiving the widest public 
acceptance by actual analysis of tele¬ 
viewer interests. 
Since the camera range must be 

broader in scope than at the studio, 
both in angles of coverage and possible 
lighting conditions, extreme care must 
be taken in planning camera vantage 
points for lens angles, and in camera 
chain alignment where some compro¬ 
mise in beam current to target voltage 
may be necessary for optimum results. 
In bright daylight with modern image 
orthicon tubes, it is necessary to use 
neutral-density filters to reduce the 
photocathode illumination to an amount 
where higher-than-normal beam current 
is not necessary to discharge the high¬ 
lights. Since the field engineer is con¬ 
cerned with lighting vagaries that may 
change from hour to hour or even min¬ 
ute to minute, it is well for him to keep 
constantly in mind the target voltage¬ 
beam current relationship. He knows 
that for best signal-to-noise ratio, both 
target voltage and beam current are re¬ 
lated to the average illumination on the 
photocathode. Camera controls which 
provide the automatic target set de¬ 
scribed previously provide a good com¬ 
promise in the field over a large range 

of scene brightness. Unusually sharp 
pictures may be obtained in some in¬ 
stances, however, by a slight readjust¬ 
ment. 

In considering such slight adjusting 
procedures for optimum results, the 
following points should be clearly visu¬ 
alized: 

1. As average illumination decreases, 
target potential may be slightly in¬ 
creased in the positive direction. If in¬ 
creased excessively, beam current will 
have to be increased excessively to dis¬ 
charge the highlights, decreasing the 
signal-to-noise ratio. 

2. If average illumination increases (as 
when the sun comes out from behind a 
black cloud) target potential may be 
slightly decreased (less positive). This 
adjustment should not be greater than 
allows optimum resolution with satis¬ 
factory signal-to-noise ratio. If the tar¬ 
get is decreased in voltage too far, the 
cut-off point is reached, and the picture 
washes out. 

Weather conditions in the open will 
affect camera performance unless due 
precaution is taken by the operator. In 
cold weather the camera heater should 
be turned on to shorten the warm-up 
time, and may be required at intervals 
throughout the program in extremely 
cold and blustery weather. If the image 
orthicon tends to retain an image, the 
tube may be running too cold. If a 
noticeable loss is apparent in picture 
resolution, the tube may be too warm, 

Figure 10.2A. Showing Rirgsight mounted on 
viewfinder hood. 
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and the heater should be turned off and 
operation of that camera discontinued 
until normal operating temperature is 
restored. Cameras under development 
are incorporating thermostatic controls 
to operate heaters or blowers as neces¬ 
sary to maintain optimum operating 
temperatures. 
For sporting events where a large 

amount of panning must be done, a ring 
sight is often used as illustrated in Fig. 
10.2A. When the operator looks through 
this ring sight, a number of concentric 
rings are placed on the field of view to 
facilitate keeping the center of attrac¬ 
tion within the relative center of the 
picture tubes. In adjusting the ring 
sight, the center ring is made to enclose 
the picture area in the center of the 
viewfinder kinescope. Since this area 
will vary with the size of lens used, such 
adjustments are made only after the 
lens has been chosen. For telephoto lens 
of 17 inches and over, the entire picture 
is enclosed in the center ring of the 
ring sight. 

1'he choice of lenses depend upon the 
nature of the event, the distance from 
the cameras, and production technique. 
Whereas at the studio a 135mm lens 
may be a “medium angle” or “narrow 
angle” device, this size may be a “wide 
angle” lens in the field, since relatively 
large camera distances may be en¬ 
countered. Certain relationships may be 
tabulated for lens size to distance as de¬ 
termined by experience in the field as 
follows: 

The 50 or 90mm lens for closeups of 
announcer such as required for game re¬ 
capitulation or line-up; These lenses 
may also be used for opening or over¬ 
all shots requiring very wide angles. A 
“close-up” for the 50mm lens is not be¬ 
yond 50 feet, and no greater than 150 
feet for the 90mm lens. 

The 135mm or the 8%" lens may ade¬ 
quately cover such action as double¬ 
plays in baseball, depending upon nec¬ 
essary distance of the camera. Camera 
orientation at most boxing and wres¬ 
tling matches is such that the 135mm 
size will cover the ring sufficiently to 

necessitate only slight panning. This 
lens is also popularly used for “cover 
shots” such as pitcher-to-batter with 
the camera placed behind and above 
home plate. 

The 13%, 17 and 20-inch lens is 
widely used for close-up plays in foot¬ 
ball or outfield action in baseball. When 
it is necessary to use one of these long 
focal length lenses on the same turret 
with a short lens, the end of the tele¬ 
photo lens may show in the wide angle 
view of the short lers. To avoid this 
occurrence, the long lens should be 
mounted diagonally opposite the short¬ 
est lens used. When lens with screw¬ 
type bases are used, many stations, 
prefer to use special bayonet-type 
adaptors so that the long lens may be 
quickly removed in the interim of 
changing from a close up to wide-angle, 
while another camera is “on-air.” 
Whether using such adaptors or not, it 
is advisable to support a long lens by 
means of a chain fastened securely to 
the pickup head or friction head in such 
a manner as not to obstruct proper pan¬ 
ning or tilting of the camera. This is 
especially important if accidental fall¬ 
ing of the lens would drop it into audi¬ 
ence seating arrangements below. 

Sunshades are usually used on field 
lenses especially when necessary to 
“shoot” toward the sun or extreme 
highlights. The fixed stops for the tele-
photo-type lens is supported by the 
sunshade mount. 

For optimum picture quality and good 
depth of focus, the smallest stop is used 
consistent with available light and type 
of image orthicon. A stop too small or 
too large reduces picture resolution. Too 
large a stop requires excessive beam 
current, decreasing signal-to-noise ra¬ 
tio. The use of long lenses with their 
fixed stops requires additional alertness 
on the part of the field camera control 
unit operator. A change in scenic illumi¬ 
nation and contrast results in back¬ 
ground and signal level changes. This 
requires constant attention to video 
gain and pedestal controls. When the 
picture waveform on the CRO is ad-
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CENTER FIELDER 

LEFT FIELDER 
RIGHT FIELDER 

Figure 10.3A. Dimensions of Baseball Diamond. Exact positions of baseman, fielders and shortstop 
are variable, as well as dimensions of outfield. 

justed to a 2-inch amplitude, the pedes¬ 
tal and gain controls are adjusted to 
allow at least one-eighth inch between 
maximum picture black and blanking 
level. Nearly all stations employ the 
calibrated level scales over the CRO 
tube to facilitate adjustment of this 
amount of setup, and overall video level. 

10.3 The Baseball Telecast 

Baseball is one of the more popular 
remote telecasts in modern TV pro¬ 
gramming schedules. Sufficient experi¬ 
ence has been gained to point up a 
general pattern which has proved most 

successful in practice, although prob¬ 
lems related to the individual field and 
topography vary considerably. 
The fundamental data for baseball 

coverage is presented in Fig. 10.3A. 
The diamond is laid out in a 90-foot 
square. The pitchers-box is 60 feet from 
home base, and a distance of 66 feet 
separates the pitcher and second base. 
The horizontal coverage of bases only 
may be observed to include 127 feet. The 
size of the outfield and distance to rear 
and side walls vary with the individual 
diamonds. 

The nature of baseball is such that 
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the most common area of attention 
during play occurs in a line including 
the umpire, catcher, batter and pitcher; 
that is, the major portion of the actual 
telecast time will be centered on this 
genera) location. For this reason it has 
become almost universal to spot the 
Number 1 camera behind and above this 
home plate area. Whenever possible 
this camera (or two cameras) are 
spotted on a line directly behind the 
home plate, as illustrated in Fig. 10.3B 
(1). This coverage of umpire, catcher, 
batter and pitcher is usually referred to 
as the “cover shot,” and the “Number 
1” camera is usually designated to this 
purpose as well as panning to other 
areas. In (1) of 10.3B the camera is 50 
feet on a direct line behind home plate, 
and the 135mm lens coverage is shown. 
This results in optimum, large-sized 
images of the center of interest. In (2) 
is illustrated the effect of placing the 
camera to one side of this direct line. 
The camera to the left is placed 50 feet 
that side of the home-plate axis, on the 

line 50 feet behind home plate. In this 
case the reference axis is that line nec¬ 
essary to include the “big three,” um¬ 
pire, catcher and batter. It is observed 
that the 135mm lens with its horizontal 
angle of 13° would not cover the pitcher, 
and these three images would be small¬ 
er than in the case of the (1) position 
due to the greater distance. It is shown 
that the use of the 50mm lens with its 
horizontal angle of 34° would be neces¬ 
sary to cover the same action that 
could be covered with a 135mm lens in 
the (1) position. Naturally the use of 
the smaller lens gives smaller images, 
and is not as desirable as the 135mm 
lens at this distance. Thus it may be 
realized why the direct line orienta¬ 
tion for the cover shot has become most 
popular in practice. The only time such 
location is deviated from is when this 
location is impossible to achieve due to 
local circumstances. It is observed that 
the camera to the right 100 feet off 
center axis presents the same problem, 
only in this case the images would be 

Figure 10.3B. (1). 
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still smaller due to the increased dis¬ 
tance. These positions are sometimes 
used in conjunction with a camera di¬ 
rectly behind the umpire to lend added 
color and variety during the game. 

Just as the horizontal area of field 
of view for any given lens is deter¬ 
mined by camera position, so the verti¬ 
cal angle must be taken into considera¬ 
tion. As the height increases for a 
given lens and distance behind home 
plate, the vertical field becomes the lim¬ 

iting factor. This is basically illustrated 
by Fig. 10..3C. If the camera considered 
in Fig. 10.3B(l), placed 50 feet behind 
home plate and using a 135mm lens, is 
just 12 feet high, the desired cover shot 
is obtained with maximum image size. 
Should the only available spot at 50 
feet on this direct cover line be higher, 
say 25 feet, the solid lines of Fig. 10.3C 
includes the resulting vertical angle of 
the 135mm lens. (10 degrees, See Table 
G.3D, Chapter 6.) Thus from this height 
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and distance, the 135mm lens would 
supply a shot at a size more “Close-up” 
than the desired cover shot. 

The operator will be able to ascertain 
before-hand the exact sizes of lens 
needed for specified shots if he plots 
all available data as in Figs. 10.3A to 
10.3C. Experienced technicians acquire 
a sense which permits them to judge 
these factors by eye after some time in 
daily routine operations. It is most 
helpful for the student and broadcast 
newcomer, however, to practice such 
graphical anaylsis so that he gains an 
inside comprehension even before ac¬ 
tual practice on the equipment is in¬ 
volved. 

The practice of multiple camera 
chain setup varies in practice depend¬ 
ing upon production whims and exist¬ 
ent facilities. In two-camera pickups, 
the Number 2 camera provides the 
“color” shots in most instances. This 
means that in addition to following 
some of the plays in the infield and out¬ 
field, the camera is in such position to 
be able to view spectators in the stands, 
the dugouts, and view of the field dif¬ 
ferent from camera Number 1 to lend va¬ 
riety. In three-camera pickups, two cam¬ 
eras may be used in the “cover shot” 
position, and camera Number 3 located 
for color. This type of setup provides 
widest production choice of plays and 

Figure 10.3C. Effect of height on field of view covered. In this specific cose, »he lens is a 135mm, 
giving a vertical angle of 10 degrees. Thus it is noted that if the camera is placed 50 feet behind 
home plate, and only 12 feet high, maximum image size of the cover shot occurs (dashed line) as the 
horizontal angle is as shown in Figure 10.3B (1). It is also noted that should this camera be 25 
feet high, the vertical angle of the 135mm lens (solid line) would limit the field to a point in Be¬ 

tween the batter and pitcher, if tilted Io include umpire, catcher ana batter. 
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human interest views. As an example, 
the Number 1 camera may take the 
pitcher’s delivery, and Number 2 (in 
same “cover” position) equipped with a 
17" lens follows the ball to the outfield. 
Should the play have resulted in an in¬ 
field hit, camera Number 1 may remain 
on the batter (now the runner) while he 
tries for first base. Alternatively, the 
Number 3 camera may be located along 
the 1st base line and catch the runner 
from that position. This is often pre¬ 
ferred by sports directors as it develops 
the play “into the camera,” considered 
an ideal pickup. 
The Zoomar lens is popularly used 

on one of the cameras in place of the 
turret lenses, especially for daylight 
games. To acquaint the reader with the 
setup and use of this lens, the follow¬ 
ing data from the Zoomar Instruction 
Manual is presented.* 

The majority of lenses used in tele¬ 
vision today were not designed for that 
purpose. Generally, they are single pur¬ 
pose, still camera lenses. Their fields 
are much larger than necessary for the 
Orthicon tube, allowing a rather large 
margin of error in alignment. 

The television Zoomar, on the other 
hand, was designed especially for use 
with the Orthicon tube, covering ex¬ 
actly its 1.6 inch field aperture. Fur¬ 
thermore, the Zoomar differs radically 
from all lenses in that its zooming ac¬ 
tion causes it constantly to change focal 
length. If care isn’t taken in preparing 
the camera and the Orthicon tube, a 
shift of the center of the picture will 
occur during the zoom. The frame cen¬ 
ter and the optical axis must therefore 
be well in alignment. 

The best way to set up the Orthicon 
tube for use with the Zoomar Lens is 
to use a Video Analyzer. (See section 
6.2.) Up to now, the Video Analyzer 
is the only instrument which permits 
exact adjustment of the camera without 
guesswork. All other methods are ap¬ 
proximations and does not assure per¬ 
fect camera alignment and adjustment. 
If a Video Analyzer is not available, the 

*Courtesy Back Video Corp. 

following method should be used to give 
the next best results for camera align¬ 
ment. It cannot be over-emphasized how 
important this alignment is because 
even small deviations from correct 
alignment might show up in poor pic¬ 
ture quality. 

1. Leave the standard RCA Orthicon 
turret head on the camera. 

2. Remove the upper lens, and move 
the orthicon tube all the way for¬ 
ward. 

3. Back off about six feet from the 
camera, and with one eye closed, 
look into the upper lens opening, 
moving your eye about until its re¬ 
flected image is mirrored in the cen¬ 
ter of the Orthicon tube. Check to 
see if the mirrored image of the eye 
is also in the center- of the empty 
turret lens opening. 

4. If the mirrored eye is not exactly in 
the center of the Orthicon tube and 
the current opening, move the tur¬ 
ret or the Orthicon tube within the 
camera until that condition is 
reached. 

5. Replace the lens and cap it, or turn 
the turret to another capped lens. 

6. Set the beam and target, and then 
rotate the orth focus on the control 
unit left and right until the dynode 
spots (imperfections on the first dy¬ 
node) are visible. Be sure that there 
is enough gain to see the imperfec¬ 
tions clearly on the monitor. 

7. The imperfections should appear to 
go in and out of focus as the orth 
focus knob is rotated slightly 
through focus. If the alignment cur¬ 
rent and alignment coil rotation are 
correct, one of two things will hap¬ 
pen : either the imperfections will 
change focus without changing their 
location on the screen, or they will 
be astigmatic in appearance, becom¬ 
ing elongated in one direction for 
one position of the knob, normal in 
the correct knob position, and elon¬ 
gated in a direction opposite to the 
first position in the other knob po¬ 
sition. 

(NOTE: If these imperfections 
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travel on the monitor screen, the 
beam in the orthicon is not travel¬ 
ing down the center of the tube. 
This can be corrected by changing 
the alignment current on the cam¬ 
era, or if this does not help, turn 
the alignment coil with a screw¬ 
driver, and at the same time adjust 
the alignment current until the cen¬ 
tra! portion of the image stands still 
as the orth focus is varied. Use a 
non-metallic screw-driver when 
making the alignment coil adjust¬ 
ment. Also to minimize the effects 
of the magnetic fields on the final 
correct adjustment, the viewfinder 
must be in position.) 

8. Often when the camera is in actual 
use, the dynode imperfections show 
up in the dark areas of the image 
and the tube will have to be de¬ 
focused. The smaller the imperfec¬ 
tions, the less de-focusing will be 
necessary and the better the resolu¬ 
tion will be over the entire screen 
area. Multiple small imperfections, 
therefore, are more desirable than 
a few large ones. However, if the 
small imperfections are too numer¬ 
ous, the whole image will tend to 
have a grayish cast with corre¬ 
spondingly poor resolution in the 
darker areas. It is important that 
all de-focusing always be done by 
turning the orth focus knob in a 
clockwise direction for RCA field 
cameras (from left to right), coun¬ 
ter-clockwise for Du Mont cameras 
and RCA studio equipment. 

When this condition is reached the 
camera and the Orthicon tube are ready 
for the television Zoomar. 

The Zoomar is equipped with a spe¬ 
cial turret plate which replaces the 
camera turret and fits the front of the 
RCA image Orthicon camera. This tur¬ 
ret plate, when properly mounted on 
the camera, firmly supports the lens. 

Mounting, while an exact procedure, 
is a simple matter, requiring only an 
adherence to the step by step course de¬ 
tailed here. It is as follows: 

1. The Zoom push-pull lever, which 
consists of a % inch rod with a 2lá-
inch knob, is to be inserted from the 
real- through the camera shaft. 

2. Remove the camera turret. 
3. Fit the Zoomar turret in place of 

the vacated camera turret. Face the 
key slot of the turret shaft down¬ 
ward before connecting the lens to 
the camera. 

4. After the fastening nut is tightened, 
connect the Zoom push-pull lever 
and tighten both thumb screws of 
the lens slightly. 

5. Then tighten evenly both the side 
balancing screws, but not too tight¬ 
ly, for proper alignment and rigid¬ 
ity. 

The Zoomar is now ready for optical 
adj ustment. 

The Zoomar was designed to be auto¬ 
matically in focus during its operation 
at all intermediate Zoom positions after 
it had been adjusted for the two ex¬ 
treme positions. Focusing should be 
done at the same aperture to be used 
during the broadcast. If it is necessary 
to make the adjustment at a different 
aperture, or if the light intensity should 
change during use, a slight correction 
can be made while broadcasting. 

The procedure to be followed in ad¬ 
justing the Zoomar for correct focus 
is as follows: 
1. When the lens is installed on the 

camera, point it at a suitable target 
as far away as conditions permit. 

2. Adjust for proper aperture. 
3. Turn the Zoomar focusing knob as 

far as it will go clockwise. 
4. Focus with the camera focusing 

knob until the target is sharply pic¬ 
tured. 

5. Pull the Zoom lever all the way back 
until the extreme telephoto position 
is reached. Focus on the target with 
the Zoomar focusing knob by turn¬ 
ing it slowly counter-clockwise. Do 
not change the position of the cam¬ 
era focusing control. 

6. When the picture is in sharp focus, 
push the Zoom all the way forward 
and check if the target is still in 
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sharp focus in the wide angle posi¬ 
tion. If not, re-focus that position 
slightly with the camera focusing 
knob. Repeat this procedure in both 
extreme positions until the target is 
sharply pictured. 

It is important to keep in mind 
that focusing in the wide angle po¬ 
sition should only be done with the 
camera focusing knob, and in the 
telephoto position all focusing should 
be done with the ZOOM LENS fo¬ 
cusing knob. 
When the two extreme positions 

are correctly focused, all focusing 
on targets of different distances 
should thereafter be done with the 
Zoomar focusing knob only. The 
camera focusing knob is not to be 
touched any more. 

COMPENSATING FOR VIGNET¬ 
TING IN ONE CORNER. This condi¬ 
tion will occur only if the camera was 
not lined up correctly with a Video 
Analyzer. The appearance of vignetting 
in one corner indicates that the Zoomar 
is incorrectly centered with the Image 
Orthicon tube. This condition should be 
corrected in the following manner : 

Loosen the aligning screws on the 
Zoomar turret and, while watching the 
screen, turn the Zoomar turret slightly. 
Fasten and realign the Zoomar with 
the three aligning screws until the 
image vignettes simultaneously on all 
four corners, or does not vignette at all. 
A very definite check for turret 

alignment is to aim at a target in tele¬ 
photo position. Now zoom into wide 
angle position. If the middle of the tar¬ 
get is off center, the optical and the 
electrical centers of the Image Orthicon 
were not identical. Most of the time a 
slight twist of the Zoomai’ turret aftei' 
loosening the three balancing screws 
will correct that condition. 

CORRECTING FOR SYMMETRICAL 
VIGNETTING. If vignetting occurs in 
all four corners simultaneously, it in¬ 
dicates that the pattern of the Orthi¬ 
con tube is larger than the area cov¬ 
ered by the Zoomar. The Zoomar was 
designed especially for the RCA Image 

Orthicon camera with its 1.6 inch diag¬ 
onal opening. If the scanning pattern 
is larger than 1.6 inches, the Orthicon 
tube is over-scanning and vignetting 
will occur. This type of vignetting can 
best be eliminated by proper scanning 
(Video Analyzer). 
When correcting for vignetting in all 

four corners, the image should be 
watched on the monitor. Vignetting 
seen on the finder does not necessarily 
mean that the transmitted picture is 
vignetting, for the finder image has 
been designed to cover a larger area 
than the monitor. It should also be kept 
in mind that a slight vignetting in all 
four corners is not objectionable, since 
the receiving tubes in television sets 
show rounded corners. 

Since the Zoomar Lens is designed 
for the standard orthicon frame of 24 
X 32mm, anil over-scanning will result 
in poor edge definition while using the 
Zoomar Lens. Over-scanning should 
therefore be avoided. 

USING THE TELEVISION ZOOMAR. 
The many special effects possible only 
with the Zoomar can best be realized 
and kept visually fresh in the viewer’s 
eye when its unique properties are used 
in moderation. 

It is also advisable to operate the 
Zoomar stopped down as much as pos¬ 
sible within the prevailing light condi¬ 
tions and Orthicon sensitivity. Use 
Orthicon tubes No. 5820. 

In a sporting event where there is a 
great deal of movement, follow the ac¬ 
tion in the regular manner by panning 
the camera, manipulating the Zoom ac¬ 
tion slowly and ONLY WHEN NEC¬ 
ESSARY. Too much zooming will de¬ 
feat its purpose and distract from the 
game being televised. 
A smooth Zoom action can be at¬ 

tained by grasping the control lever in 
a normal relaxed manner and squeez¬ 
ing, not pushing the control backward 
and forward. Apply this pressure 
slowly so that the beginning of the 
Zoom is hardly perceptible. 

Unless the action of the game specifi¬ 
cally calls for zooming try to under-
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zoom: the effect will be all the greater. 
If a visual impact designed to startle 
the audience is desired, a fast zoom is 
permissible. However, it should not be 
attempted too often. 

It is very important to start and end 
the zoom slowly and gradually. A sud¬ 
den starting or ending zoom gives an 
unnatural effect and should be avoided. 

Using the Zoomar for baseball tele¬ 
casting is discussed in the Back Video 
Manual by Capt. W. C. Eddy, at one 
time manager of WBKB, relative to 
that stations experiences in Chicago. 
His views follow: 

“Television coverage of baseball in 
the past has, in the majority of cases, 
been limited to a visual adaptation of 
the techniques developed in radio broad¬ 
casting. It has been increasingly evi¬ 
dent that the present accepted use of a 
camera in fortifying the audio descrip¬ 
tion has introduced confusion into the 
broadcast, rather than to clarify that 
description. This is based primarily on 
the inability of any optical system to 
adjust itself quickly to both the vary¬ 
ing depths of focus and varying angles 
of coverage.” 
“The Zoomar solves one of these 

problems through its ability to change 
focus without the loss of scene or sharp¬ 
ness. While it is true that a qualified 
baseball fan might be able to integrate 
this combined aural description and 
spotty camera coverage into a continu¬ 
ity of action, it is doubtful that such 
coverage would make sense to the aver¬ 
age layman who does not have a com¬ 
plete knowledge of baseball.” 

“Mr. Philip K. Wrigley and his asso¬ 
ciates with the Chicago Cubs have rec¬ 
ognized this fact during the two years 
of experimental coverage of the Cubs’ 
baseball by WBKB. At a meeting, Mr. 
Wrigley suggested that steps be taken 
to analyze and revise television tech¬ 
niques with a view toward creating a 
production method which would not 
only correct these deficiencies, but 
would popularize baseball with the non¬ 
fan, as well as satisfy the regular base¬ 
ball fan and viewer.” 

“In cooperation with KTLA in Los 
Angeles, WBKB set up an active test 
work under- field conditions at Los An¬ 
geles.” 

“In our analysis of the problem, it 
was apparent that many of the basic 
precepts of good showmanship had been 
over looked in presentations thus far at¬ 
tempted by television stations covering 
baseball. Some of these inconsistencies 
were : 

1. All action on the playing field de¬ 
veloped away from cameras located 
behind home plate, so reducing rath¬ 
er than heightening the dramatic 
impact of the play. 

2. The camera placements in common 
use normally resulted in a wide va¬ 
riation of viewing angles, causing 
abnormal or complete dis-orientation 
of the non-qualified viewer. 

3. Because of the limited field of the 
television lens, normal camera cov¬ 
erage could only show one or two 
players in detail, thus destroying 
any visual association with the 
other member s of the team or the 
playing field itself. 

4. It has been a precept in motion pic¬ 
ture switching techniques that the 
center of interest should not change 
position on the screen during scene-
to-scene transitions. Considerable 
thought in motion picture is given 
to the pre-planning of shots in order 
to retain the focal point of interesl 
in the same relative position during 
a change of scenes. Television has 
heretofore disregarded this func¬ 
tion. 
“In order to develop a satisfactory 

television technique, it was necessary 
that as many of the fundamentals of 
good showmanship as possible be incor¬ 
porated into the video eoverage. Some 
of these requirements were:” 

1. Change in the viewing angle from 
scene to scene should not be toler¬ 
ated. 

2. Actiorr of the play should develop 
toward, rather than away from the 
cameras, in order to heighten the 
dramatic impact. 
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3. A viewpoint or camera position 
must be selected which would ori¬ 
entate the individual player with 
the team, as well as with the play¬ 
ing field. 

4. Maximum utilization of good cam¬ 
era techniques and modern equip¬ 
ment must be employed in any suc¬ 
cessful coverage. 

“Coverage in infield plays was the 
first problem. To satisfy the above¬ 
listed requirements, a position along¬ 
side the home dugout at third base was 
selected. It appeared preferable to have 
this camera quickly adjustable in 
height, so that it could either shoot 
from the ground level or be elevated 
to a position from which first base 
would be visible over the pitcher’s 
mound.” 

“Various camera heights were tried 
from the dugout location, and it was 
established that the lowest level pos¬ 
sible afforded the most dramatic cover¬ 
age.” 

“The second camera position was se¬ 
lected for panoramic coverage of the 
entire field, with the camera equipped 
with the Zoomar. In keeping with our 
plan of establishing a fixed viewing 
angle, this camera position was chosen 
in the far, left field at the foul line, 
permitting use of the foul line as an 
orientation reference point in estab¬ 
lishing the geography of the play.” 

“With a 340-foot range to home plate, 
a normal Zoomai' Lens thus could cover 
the infield satisfactorily and further 
permit close-up work on any play or 
player that appeared interesting. It 
was further evident that the speed of 
a hit ball would optically be reduced 
at the start of its trajectory, thus per¬ 
mitting the cameraman to follow the 
ball into the outfield. Use of the Zoomar 
Lens then permitted a full details shot 
of the play, and the following of the 
delivery of the ball back to the infield.” 
“The third camera position was se¬ 

lected in the stands, in order to provide 
the psychological advantage of covering 
the game from the typical fan’s view¬ 
point. Necessarily this position should 

be in a spot which provides approxi¬ 
mately the same viewing angle as loca¬ 
tions one and two. By using this cam¬ 
era for semi-panoramic coverage of the 
playing field, with actual fans in the 
foreground, a strong psychological tie-
in between audience and player is pro¬ 
vided. By utilizing this location as the 
viewpoint of the announcer, it is pos¬ 
sible to provide a highly satisfactory 
audio coverage of the game.” 

“Competent use of all three cameras 
provides sufficient story material at the 
directional console for satisfactory cut¬ 
ting into a well-balanced and acceptable 
production which will appeal to the 
viewer from the dramatic as well as 
the répertoriai standpoint.” 

“While variations of the locations 
mentioned can be easily incorporated, 
the broadcaster must be particularly 
careful to observe these cardinal points 
of showmanship: 

1. Wherever possible, action should de¬ 
velop into, rather than away from 
the cameras. 

2. Angle of viewing from camera 
to camera should not change appre¬ 
ciably in switch shots. 

3. Introduction of players and fans 
into the foreground of the composed 
shot enhances the psychological ef¬ 
fect of the picture, and ties the au¬ 
dience closer to the fans’ reaction. 

4. Vertical camera angles should be 
kept at a minimum on all panoramic 
effects. 

5. Reaction shots of announcers, fans, 
and players should be used liberally 
to fill in non-spectacular periods of 
the game. 

6. Close-up switch shots from the dug¬ 
out camera should only be used in 
conjunction with and following com¬ 
plete panoramic coverage of the play 
by the Television Zoomar, in order 
to orientate the viewer properly. 

7. Panoramic camera (the TELEVI¬ 
SION ZOOMAR) should normally 
be operated in unzoomed setting, 
and in following a ball to the out¬ 
field should not attempt to hold the 
ball in center screen by change of 
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horizon lever. An unzoomed pan shot 
should be used until the trajectory 
of the ball is such that the camera 
can safely be zoomed without chang¬ 
ing horizon. 

8. Use of the zoom feature of the pan¬ 
oramic camera should be held to 
those situations where closeups are 
either required or preferable. Con¬ 
tinual in-and-out use of this lens de¬ 
stroys its advantages and the im¬ 
pact of the shot. 

9. Zoomar shots should be accomplished 
as slowly as possible to preserve sat¬ 
isfactory orientation of the viewer. 

“It is patent that the principles of 
showmanship outlined in this descrip¬ 
tion will have equal importance in the 
coverage of sporting events other than 
baseball, and that, properly employed, 
these basic precepts will contribute to 
the growth of interest in a sport by the 
television audience, resulting in the cre¬ 
ation of new fans at the box office.” 

In general it will be noted that cam¬ 
era sequence, whether acomplished by 
the Zoomar or by camera switching, 
follows a specific order of events. This 
may be outlined as : 
1. View of batter walking to plate; 

1312" or 17" lens, or Zoomar-in 
(narrow angle). Provides close-up 
image, maximum size. 

2. Pitcher winds up—delivers; cover 
shot with 135mm lens, or Zoomar-
out (wide angle). Viewer is able to 
follow “big-four”; umpire, catcher, 
batter, pitcher. 

When a ball is hit, the point is 
reached which tests the skill of the pro¬ 
gram director “calling the shots,” the 
switcher operator and the cameramen. 
Assuming that camera Number 1 is the 
cover shot camera as in (2) above, the 
following typical plays are common: 

Infield Hit—Two Cameras: Hit ball is 
grounder toward shortstop. Number 1 
camera remains on ball by panning. 
Stops on shortstop as he scoops up ball 
and throws toward first baseman. 
“SWITCH TO TWO.” Camera two is 
using 8 là" lens to give a medium-close¬ 

up of first base area, catching either 
“OUT!” or “SAFE!” play there. Such 
action is facilitated by predetermined 
instructions for the cameramen. For 
example, camera Number 1 operator 
may be instructed to always keep his 
lens angle “on the ball.” Camera two 
operator’ may be instructed to always 
“follow the runner.” The program di¬ 
rector, watching the monitors, then 
calls to the switcher for the proper cuts. 

Infield Hit—Three Cameras: Hit ball is 
grounded toward shortstop as above. 
Camera 1 operator pans the ball. 
“TAKE THREE!” Number 3 camera 
providing medium close-up of shortstop 
catching ball is equipped with the 8%" 
lens or 13%" lens in the operating po¬ 
sition (depending upon distance). 
Shortstop throws toward first. “TAKE 
TWO!” Number two camera is trained 
on first with a 13%" or 17" lens tur-
reted to operating position, providing 
close-up of play at first base. It is noted 
that this sequence provides close-up 
plays rather than the more general cov¬ 
erage of the two-camera operation. This 
procedure requires unusual alertness on 
the part of the cameramen who may be 
pre-instructed as: Number 1, “follow 
the ball.” Number two, “always take 
close-up of likely culmination of play,” 
Number 3, “always take close-up (me¬ 
dium angle) of likely receiver of hit 
ball.” 

For a change of pace to lend variety 
to the pickup, the director may change 
these pre-set instructions at intervals 
during the game. For example, in the 
three-camera pickup during dull mo¬ 
ments when Number three camera may 
be instructed to pickup “color” (such 
as dugout activity or fans in the 
stands), the other two cameras will fol¬ 
low a mo-re general, wider-angle pickup. 

Infield Hit—Zoomar: The number one 
camera “zooms-in” to narrow angle as 
shortstop scoops up ball, throws toward 
first. “TAKE TWO!” Camera two is 
turreted to (for example) the 13%" 
lens, catching close-up of play at first 
base. 
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Experienced cameramen are always 
instructed to use their best judgment 
during active play. An example of this 
is when a player is stealing base. The 
director usually designates one camera¬ 
man to watch for such activity and 
catch it when possible. 

If the hit should be to the outfield, 
the general procedure is the same. Cam¬ 
era 1 follows the ball, and either zooms 
to the outfield area, or another camera 
switched in with a 17" lens to catch the 
close-up of outfield activity. This cam¬ 
era should ideally be higher than cam¬ 
era 1, since the relatively low height 
for proper cover shot is insufficient for 
clear coverage of the outfield. 

10.4 Football Pickups 

The basic dimensions concerned with 
football coverage are given in Fig. 
10.4A. The actual playing field is 100 

yards (300 feet) by 50 yards (150 
feet). The goal posts in intercollegiate 
football are 10 yards behind the end 
line, making for an overall horizontal 
area of 120 yards, or 360 feet. Drawn 
in Fig. 10.4A are the plots of the hori¬ 
zontal angles and effective area cov¬ 
ered for the 35mm, 50mm and 135mm 
lenses, assuming the camera to be lo¬ 
cated 150 feet from the nearest edge 
of the active playing field. Also shown 
is the nearest and farthest area of fo¬ 
cus assuming the camera to be 50 feet 
higher than the playing field. In this 
specific case, the 35 or 50mm lens 
would be used for team orientation or 
general overall views, and the 135mm 
used for medium close-up of teams as 
they line up for scrimmage. A second 
camera, equipped with a complement 
of lenses such as the 8%, 13% and 17" 
lenses would catch close-up shots of in-
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line scrimmage, passing, receiving, 
kicking, etc. 

The field supervisor, technical direc¬ 
tor or person responsible for the tech¬ 
nical setup at the field is faced with one 
primary problem on an initial trial. 
This concerns the direction in which the 
field is laid out. He is most fortunate 
in the Northern Hemisphere when the 
field runs east and west. Cameras and 
equipment may then be setup on the 
south side without worrying about 
shooting into the sun, since the sun will 
be at least slightly to the south. If the 
field runs north and south, the choice is 
a compromise at best. If he chooses 
the west side (to pievent shooting into 
the sun toward evening), the southerly 
location of the sun in the fall and win¬ 
ter months may present problems. If 
he chooses the east side, the source of 
trouble is doubled, since now the sun¬ 
set-time will be added to the southern 
brightness. Other factors being equal 
therefore, the proper choice would be 
the west side of a north-south football 
field. 

Obviously other factors may enter to 
influence choice of camera location. For 
example, the stadium may be very high 
on the west side of a north-south field, 
sufficiently high to block any possible 
direct sun from the late evening sky. 
The source of power and optimum lo¬ 
cation for the mobile unit may be on 
the east side of this field. Thus the 
likely choice in this instance would be, 
the east side of the stadium. 

As a general rule, however, the opti¬ 
mum location for cameras is on the 
south side of an east-west field, and on 
the west side of a north-south field. 

Most stations use one or two cameras 
100 to 300 feet (or more) from the 
edge of the field, and one camera di¬ 
rectly along the field edge or within 
about 20 feet. One typical three-camera 
set up employs cameras No. 1 and No. 
2, 300 feet from the edge of the field on 
an extension of the 50 yard line (cen¬ 
ter of field), and camera No. 3 20 feet 
from the field at about midway be¬ 
tween center and one goal post. Camera 

No. 1 is equipped with the television 
Zoomar lens. Camera No. 2 is turret-
controlled with 8%, 13% and 17" lenses. 
Camera No. 3 at the field location pro¬ 
vided color and “field level” closeups 
when called for. 

A wide angle lens (such as the 35-
mm, 50mm or 90mm depending upon 
distance) is usually used for the kick¬ 
off. Each operator is pre-instructed for 
such possible developments from the 
line as a pass, kick ar run. Men famil¬ 
iar with the game make the best cam¬ 
eramen for any sport telecast. 

Three cameras are usually the maxi¬ 
mum for football, baseball or almost 
any field event. One specific departure 
from this is the American Broadcasting 
Company pickup of football from the 
Los Angeles Coliseum, made by KECA-
TV of that city. This stadium seats 
105,000 spectators, and four cameras 
are used in the ABC pickup. Cameras 
No. 1 and No. 2 are placed approxi¬ 
mately 150 feet from the near edge of 
the field, camera No. 3 is on the track 
adjacent to the field, and camera No. 
4 is on the press box atop the stadium 
about 110 feet above the level of the 
playing field. (The playing field at the 
Los Angeles Coliseum is 32 feet below 
ground level.) Cameras 1 and 2 cover 
basic action. In daytime games, camera 
1 is Zoomar equipped. Camera 2 em¬ 
ploys a 25", 17" and 13%" lens turret. 
Camera 1 with the Zoomar usually 
starts the pickup of any play, camera 2 
taking the action once it has become 
determined as to the nature of the play. 
Camera 3 is used to give the viewer 
dramatic closeups of same plays, and is 
used to provide color. Camera 4 is used 
to give clear overall views, and to pick 
up blackboard discussions of the an¬ 
nouncers when called for. The audio 
and production personnel are set up at 
this point. 

The sound portion of sporting events 
should not be neglected in planning. 
Nothing is more disconcerting to the 
sports fan than to see an exciting play 
developing with almost complete back¬ 
ground silence from the loudspeaker. 
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The cheers (and jeers) of the fans 
present at the game should be ever 
present in the audio, and mikes should 
be spotted at stategic points foi- this 
pickup. Parabolic-type microphones are 
often used in the field to pick up cheers 
and game-sounds. Without such mixing¬ 
in of on-the-spot sound, atmosphere is 
almost completely lacking. 

10.5 Miscellaneous Field-Events Data 

To facilitate the drawing of lineal-
graphs for analysis of camera setups 
on the most popular telecasts, basic di¬ 
mensions of the area of activities are 
presented as follows: 
Boxing and Wrestling : The standard 
sized ring is 24 feet square. At least 
one camera is usually placed at “ring¬ 
side” for dramatic closeups of holds or 
blows. Cameras placed farther back 
may be used equipped with the proper 
complement of longer focal-length lens. 
This event is usually placed under 
lights, adequate for modern image orth¬ 
icons without further lighting except 
in unusual instances at smaller events. 
In indoor events of this type, cameras 
cannot be placed too far away due to 
large amounts of haze from smoking 
spectators. An hydrolic-type dolly is 
often used for the main camera at ring¬ 
side to gain variable angles of shots 
close to the action. 
Ice Hockey: This game is also most 
often staged under lights, and usually 
indoors. The standard ice hockey play¬ 
ing area is 200 feet long by 85 feet 
wide, although some games are played 
on smaller areas. When staged indoors, 
lighting is usually adequate. Lighting 
conditions must always be determined 
in time to plan additional facilities if 
necessary. Keeping the puck in view of 
the audience requires excellent panning 
and well planned orientation of cam¬ 
eras for most effective shots. Due to 
the rapidity of action of ice hockey, 
real closeups of field action is difficult 
to attain, most close-up shots occurring 
nt the goals. 

Field Polo: Here is a sport we may see 
make a popular comeback with the ex¬ 
pansion of television sports telecasting. 
The excellent horsemanship and un¬ 
usual skill involved in polo may prove 
a natural for TV fans. A wide field of 
play is involved, the standard polo field 
being 300 yards (900 feet) long by 160 
to 200 feet wide. Since this sport is 
usually a daytime affair, the Zoomar 
lens would be highly desirable for such 
a long, narrow-depth field of play. 

Basketball: This game is being tele¬ 
vised more and more with growing in¬ 
terest in many states. It is usually 
played at night with adequate illumina¬ 
tion, especially using the Type 5820 
image orthicon. Daytime games are 
played only during tournaments in most 
instances, in which case the camera op¬ 
erators must be careful not to point the 
lenses toward side windows unless 
painted or otherwise darkened. 

The basketball court is about 50 feet 
wide by 90 feet long. The length varies 
slightly from around 84 feet for high 
school courts to 90-95 feet for college 
games. The free-throw line is 15 feet 
from the end of the court, and the rim 
of the net is 10 feet high. 

These dimensions may be plotted as 
described previously for- baseball dia¬ 
monds and football fields. Coverage of 
the various focal length lenses may 
then be determined from the necessary 
position of the cameras. One lens should 
just include the entire court, with suf¬ 
ficient vertical angle to catch high balls 
lobbed toward the basket from a dis¬ 
tance. Another lens should include only 
the free-throw area and basket, with 
another lens of sufficient length to catch 
close-ups of such action as toss-ups, etc. 
Many stations use only two cameras for 
this sport with very satisfactory re¬ 
sults. Naturally the use of three cam¬ 
eras will lend greater variety and more 
of a chance for dramatic closeups if 
the director is experienced enough to 
warrant them. 
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_11___ 

Television Transmitter Circuits 

Details of transmitter circuits with 
which the operator is particularly con¬ 
cerned are presented in this chapter. 
Engineers concerned with new station 
planning and details of transmitter lo¬ 
cation. field intensity surveys, etc., 
should obtain the current FCC Rules 
and Regulations as follows: 

Part ï — Rules Relating to Practice 
and Procedure. 

Part 3 — Radio Broadcast Services; 
Subpart E — Rules Govern¬ 
ing Television Broadcast Sta¬ 
tions Including Engineering 
Standards. 

Part 17 — Rules Concerning the Con¬ 
struction, Marking and 
Lighting of Antenna Struc¬ 
tures. 

The above listed information is ob¬ 
tainable from the Superintendent of 
Documents, Government Printing Of¬ 
fice, Washington 25, D. C., at prevail¬ 
ing prices which must be obtained from 
that source before ordering. 

Extractions from Subpart E of Part 
3 particularly important to operators 
of television studios and transmitters 
are included in the Appendix of this 
text. 

11.1 Functional Description of Video 
Stages 

The visual exciter of a TV transmit¬ 
ter functions to generate the carrier 
wave at the assigned frequency, and 
amplify the power to the designated 
power output. For the utmost in sta¬ 
bility, a crystal controlled oscillator 
is used. A typical arrangement for 
bands 2-6 is the crystal oscillator stage, 

followed by a tripler and two doublers, 
resulting in a frequency multiplica¬ 
tion of 12 (3X2X2). For example, 
band 6 has its video carrier frequency 
at 83.25 me. Thus the crystal frequency 
would be 6.93750 me (83.25 -t-12). The 
multipliers step-up this oscillator volt¬ 
age in both frequency and amplitude 
sufficient to drive the modulated stage. 
Thus the visual exciter consists of the 
conventional narrow-band RF circuits, 
which are tuned to the crystal fre¬ 
quency by adjusting the tank-circuit 
capacitors (or inductors when induc¬ 
tively tuned) for minimum plate cur¬ 
rent and maximum grid current to the 
following stage. All necessary fre¬ 
quency multiplication takes place prior 
to the stage being amplitude modulated 
by the video voltage. 

The incoming video from the studio 
is usually fed to a stabilizing amplifier 
to minimize effects of hum, noise or 
sync compression. From there it is fed 
to the video amplifier input of the 
transmitter. Incorporated in the video 
amplifier are circuits designed for con¬ 
trol of the relative sync-to-video ampli¬ 
tude (sync stretcher) and, in some 
cases, linearity controls to set the trans¬ 
fer characteristic of the transmitter 
amplifiers. Transmitter transfer char¬ 
acteristic is the ratio of RF output 
voltage to video input voltage and is 
generally linear within 10%. This is 
desired at the transmitter since the 
gamma at the studio (section 5.5) is ad¬ 
justed to result in optimum picture 
quality as observed by the television au¬ 
dience, hence the remaining portion of 
the overall system should be as linear 
(gamma = 1) as possible. 
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The final video amplifier stage in the 
transmitter is the video modulator. The 
DC component is re-inserted at the grid 
of this stage by clamper circuits, and 
the modulators are then coupled to the 
RF stage being modulated by direct 
coupling to maintain this DC compo¬ 
nent. 

The rf circuits which follow the mod¬ 
ulated stage are essentially linear RF 
amplifiers adjusted for maximum pow¬ 
er output consistent with a flat fre¬ 
quency response throughout the upper 
sideband. Proper adjustment of these 
amplifiers results in partial cancella¬ 
tion of the lower sideband. If low level 
modulation is used (which may be 
either grid or plate modulation) a suf¬ 
ficient number of linear amplifiers are 
used to obtain the desired vestigial 
sideband response. This action is aided 
by inserting a notching filter adjusted 
to 1.25 me below the video carrier fre¬ 
quency. For high-level modulation 
(which must be grid-modulation), since 
modulation takes place in the final am¬ 
plifier, a vestigial sideband filter must 
be used. The standard transmission sig¬ 
nal from this filter is then fed to either 
a bridge diplexer or notch diplexer, into 
the transmission line to the antenna 
system. 

All of these functions have been cov¬ 
ered in some detail in previous sections, 
and we may now observe the block dia¬ 
gram of Fig. 11.1 A for a review of 
stage-by-stage function. Illustrated in 
the visual exciter section are typical 
values for a transmitter working chan¬ 
nel 6. The incoming video is shown with 
DC restoration taking place at the 
grids of the modulator tubes. The mod¬ 
ulator stage of most commercial video 
transmitters is made flat to 5 mega¬ 
cycles as shown to insure freedom from 
phase distortion. Observed in the illus¬ 
tration is the partial removal of the 
lower sideband at the output of the (in 
this example) final modulated stage. 

11.2 Monitoring Arrangements 

The operator must become acquainted 
with the correct interpretation of pic¬ 
ture and waveform monitors, since limi¬ 

tations in both transmitter and moni¬ 
toring devices are very prominent due 
to the vestigial sideband characteristic 
of the output waveform. Details of in¬ 
terpretation are included in the next 
chapter, while the physical arrange¬ 
ment and description of the electrical 
characteristics are given here. 

Two monitoring points with typical 
band-pass response are shown in Fig. 
11.1A; (1) a diode demodulator at the 
output of the modulated final amplifier, 
and (2) a vestigial sideband demodula¬ 
tor at the output of the vestigial side¬ 
band filter. The reader should observe 
that the typical output response of the 
ordinary diode demodulator is reduced 
to approximately 50% at 4 me with a 
gradual roll-off from about 2.75 me to 
5 me. The picture as observed on a pic¬ 
ture monitor driven from this source 
will inherently be lacking in “sparkle” 
or detail, from high-frequency roll-off, 
and should be so interpreted by the 
operator. This diode curve is due to the 
partial cancellation of the lower side¬ 
band in the final amplifier (section 5.3) 
since the resultant addition of the up¬ 
per and lower sidebands in the detector 
produces the typical curve shown. 

Due to this characteristic, the ordi¬ 
nary diode detector cannot be used at 
any point after the vestigial sideband 
filter, or, in low-level modulation, at 
any point past the first modulated 
stage, since the sharp attenuation of 
the lower sideband results in a worth¬ 
less diode response curve for observing 
picture detail. Therefore, the vestigial 
sideband monitor shown connected at 
the output of the filter is a special in¬ 
sensitive-type receiver circuit for pic¬ 
ture monitoring having the typical re¬ 
sponse shown in the illustration. This 
provides a longer flat-top response, 
while the sharp cutoff at the high end 
enables observation of any “ringing” 
effects in the picture. For waveform 
monitoring, the output of this demodu¬ 
lator is fed to a “keyer” circuit, thence 
to an oscilloscope. The purpose of this 
keyer circuit (variously termed keyer, 
vibrator or chopper) is to intermit¬ 
tently short-circuit the output of the 
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Figure 11.2A. 

detector providing an additional line on 
the scope screen representative of zero 
output. Keep in mind the two compo¬ 
nents of the standard composite signal ; 
namely the DC and the AC signal axis. 
The DC axis must be constant, the AC 
video signal axis being variable depend¬ 
ing on light or shade in the original 
sense. Periodic shorting of the demodu¬ 
lator produces a zero reference level 
representing no signal. The basic equiv¬ 
alent circuit of such waveform moni¬ 
toring is shown in Fig. 11.2A, illustrat¬ 
ing application to measuring modula¬ 
tion characteristics. If an all-black 
video signal is fed into the transmitter 
with a sync pulse height (S) above 
pedestal level, the resultant scope pat¬ 
tern from such an arrangement is 
shown in (2). The ratio of the ampli¬ 
tudes SI to El is an expression of the 
modulation capability of the transmit¬ 
ter for an all black signal, with respect 
to the sync pulses. If now the trans¬ 
mitter is left adjusted as before, and 
an all-white signal fed to the transmit¬ 
ter input, the scope pattern is as in (3). 
The ratio of the amplitudes of E3 to E2 
is an expression of transmitter modula¬ 
tion capability for an all white signal 

in respect to the sync pulses. For a 
properly adjusted transmitter, these 
ratios should be practically equal. In 
other words, the variations of blanking 
and sync levels with changes in picture 
brightness from black to white must be 
held to an absolute minimum. The FCC 
standards limit this variation to within 
10% of the amplitude of an all-black 
picture. Modern transmitters hold well 
within 5% in going from black to white 
when functioning properly. 

The percent variations under such 
conditions may be determined as fol¬ 
lows : 

Blanking Level Variations = 
(E2 — S2) — (El —SI) 
- X 100 percent 

El — SI 
Sync Level E2 — El 
Variations =-X 100 percent 

El 
The above arrangement also enables 

the operator to set maximum white 
level of the video signal to 12%% 
(±2%%) of the peak sync amplitude. 
Operational details are discussed in 
Chapter 12 on Operations. 

In actual practice the operator will 
find the picture and waveform monitors 
incorporating input selector switches 

464 • 



Television Transmitter Circuits 

so that monitoring is accomplished at 
other points than those shown in Fig. 
11.1A. Usually the switches provide for 
insertion of the monitors at the stabiliz¬ 
ing amplifier output, and modulator out¬ 
put. This allows observation of the signal 
at a sufficient number of points to aid in 
determining stages where trouble may 
occur. Some stations include an ordi¬ 
nary receiver monitor as an overall 
check, in which precautions must be 
taken not to overload the receiver cir¬ 
cuits from the high signal strength 
prevailing at the transmitter location. 

11.3 TV Modulation Circuits 

It is well for the operator to realize 
that as of this date, video transmitters 
have not reached the stage of develop¬ 
ment where overall frequency response 
is equal to studio equipment. Since dis¬ 
tortion is additive, studio equipment 
must be operated with as wide a band 
as possible to obtain with the equip¬ 
ment used. 

The vestigial side-band characteris¬ 
tic in itself is a source of picture dis¬ 
tortion which, at best, produces slight 
leading whites and trailing smears 
upon transition from white to black re¬ 
gions of the picture, in any present type 
of demodulation system. Such defects 
may be made very slight, however, in 
comparison to the advantage realized 

in gaining maximum use of the avail¬ 
able frequency spectrum. The inherent 
distortion of vestigial sideband trans¬ 
mission will likely be eliminated in the 
near future by pre-distortion of phase 
and amplitude characteristics in por¬ 
tions of the transmitter circuits. 

Present RTMA Television Standards, 
which manufacturers strive to equal or 
better in practice, allow a 4db attenua¬ 
tion at 4 me. This is for overall re¬ 
sponse from transmitter video input to 
the input of the antenna system. The 
RTMA tolerances allow for a 2 to 3 db 
variation throughout the video band. 
Latest commercial transmitters have 
bettered these recommendations to some 
extent, achieving a ±ldb variation 
through the video band, with a —3db 
response at 4 me. It has been deter¬ 
mined that present system performance 
is “passable” with as much as Gdb at¬ 
tenuation at 4 me., but that greater at¬ 
tenuation is noticeable to the average 
viewer. 

The overall response up to the video 
modulator stage in the transmitter is 
essentially flat to 5mc. From this point 
on, the response is a compromise in 
economic design of circuits and the in¬ 
herent nature of the standard trans¬ 
mission signal. The final clamping point 
for DC re-insertion is ordinarily found 
at the grid of the modulator stage. This 

Figure 1 1.3A. One type of video modulator and DC Restorer. 
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necessitates some form of direct-cou¬ 
pling between modulator plate and mod¬ 
ulated grid in order to maintain the DC 
component. The reader may wonder 
why the clamping action is not inserted 
at the grid of the modulated stage 
rather than the modulator grid, which 
requires direct-coupling to maintain the 
direct current. This is the first point 
of compromise in design. It is realized 
that the clamper keying pulses must 
have a greater peak-to-peak value than 
the actual clamping pulses and the 
video voltage applied to the clamped 
grid. If this were not true, one of the 
clamper diodes might be brought into 
conduction during the video voltage 
signal rather than the blanking inter¬ 
val. All major manufacturers have de¬ 
cided that any advantage that might be 
gained by clamping the modulated stage 
grid (to eliminate direct-coupling ar¬ 
rangements) are offset by the larger 
power-handling modulator stages re¬ 
quired, which would increase initial cost 
beyond any possible advantage to war¬ 
rant it. If the grid of the RF modulated 
stage were AC coupled, approximately 
50-60% greater signal amplitude (peak-
to-peak) exists at that point than in 
the case of a DC coupled arrangement. 

The form of direct-coupling for mod¬ 
ulation in one of the earlier Du Mont 
transmitters is shown in the simplified 
diagram of Fig. 11.3A. In this circuit 
the DC restorer operates in conjunc¬ 
tion with a floating bias supply such 
that an additional biasing potential op¬ 
posite to that of the bias supply is ap¬ 
plied to the modulator grid. This is not 
a “clamping” circuit but a “leveling” 
type of DC restoration. The diode re¬ 
fers the peaks (sync tips) of the ap¬ 
plied signal to the quiescent bias volt¬ 
age. Direct coupling to the grids of the 
modulated stage is obtained as shown 
by returning the cathodes of the modu¬ 
lator tubes to —450 volts so that the 
plates may be coupled directly to the 
modulated amplifier grids. The plate 
current drop through R, provides the 
bias voltage for the modulated grids. 
The method used in the RCA TT-5A 

transmitter is not a conventional direct-
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coupled arrangement and is shown by 
the simplified schematic of Fig. 11.3B. 
(See description, section 5.3 and sche¬ 
matic Fig. 5.3G.) In this case the con¬ 
stant-resistance network between mod¬ 
ulator plate and modulated grids in¬ 
cludes the bias supply for the power 
amplifier (modulated) grids. In this 
way the internal resistance of the 
power supply becomes an integral part 
of the resistance network, and is used 
to an advantage rather than a hin¬ 
drance. Video currents flowing in grid, 
screen and plate circuits of amplifiers 
will produce a corresponding voltage 
drop across the internal impedance of 
the associated power supplies. This 
drop obviously affects the DC potential 
applied to the electrodes, and will result 
in picture distortion. Thus power sup¬ 
plies for video circuits are designed 
with extremely low internal impe¬ 
dances, and it is found that many tubes 
are paralleled in regulator circuits not 
only for current-handling capabilities 
but to decrease to an absolute minimum 
this impedance value. The screen-volt-
tage of RF stages are also usually reg¬ 
ulated by electronic means. 
The method of modulation used in 

the General Electric TT-10-A transmit¬ 
ter is described in the complete presen¬ 
tation, section 11.6. 

It is recalled that to meet the stand¬ 
ard transmission characteristics of neg¬ 
ative modulation, an increase in light 
content of the signal must cause a de¬ 
crease in amplitude of carrier wave. 
This requires that the grid modulated 
radio-frequency stage receive a black 
positive video signal as indicated in (1) 
of Fig. 11.3C. As the signal swings in 
the black (positive) direction, grid bias 
is decreased and plate current in¬ 
creased, resulting in a greater ampli¬ 
tude of signal carrier envelope. As the 
video swings in the negative (white) 
direction, grid bias is increased, de¬ 
creasing plate current and less ampli¬ 
tude of RF carrier envelope results. 
Thus the signal input to the modulator 
grids must always be black negative as 
shown. In (2) is illustrated a typical 
transfer characteristic of the modulator 
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CLAMPER 

CONSTANT 
RESISTANCE 
NETWORK 
(WITHIN DOTTED 
LINES) 

Figure 1 1.3B. Simplified Schematic of RCA TT-5A Video Modulator. 

stage. As the signal swings in the posi¬ 
tive (white) direction, grid bias is re¬ 
duced and modulator plate current in¬ 
creases. Increasing the plate current 
causes greater voltage drop across the 
modulator load, reducing the voltage 
existent at the coupled point, resulting 
in the familiar phase reversal of 180 
degrees between plate voltage and grid 
voltage swings. As the grid voltage in¬ 
creased in the positive direction, the 
plate voltage coupled to the modulated 
grids goes in the negative direction. 
Also shown in (2) is the charge in DC 
restoration potential accomplished by 

the clamper or restorer stage so that 
pedestal and sync levels result at the 
same modulator plate current point in 
either all-black or all-white signal con¬ 
ditions. 

Illustrated in (3) of Fig. 11.3C is the 
transfer characteristic of the modu¬ 
lated RF stage. A grid-modulated stage 
is operated class B as are any follow¬ 
ing linear amplifiers, being biased close 
to the cut-olf point with no excitation. 
For negative modulation, when no sig¬ 
nal is received, the radio-frequency ex¬ 
citation from the driver stage is suffi¬ 
cient to drive the plate current to its 
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maximum value as indicated at that 
point in (3). For an all-white picture 
signal, the bias on the grids is maxi¬ 
mum, and plate current is reduced ex¬ 
cept during the blanking and sync in¬ 
tervals to a point at least 15% of maxi¬ 
mum level, and no more than 10%. For 
an all-black video signal such as ap¬ 
plication of pedestal and sync only, the 
bias on the grids is a minimum, result¬ 
ing in maximum amplitude of carrier 
envelope. 

In practice the quiescent grid bias is 
adjusted so that video excursion about 
that point maintains the output wave¬ 
form over the linear portion of the 
grid-plate transfer characteristic curve. 
The reader may now observe the effect 
of incorrect bias of a grid-modulated 
stage. Excessive bias will push the op¬ 
eration down around the lower knee of 
the curve, and result in compression in 

the signal representing white in the pic¬ 
ture information. Insufficient bias will 
not allow full advantage of the linear 
portion of the curve without sync com¬ 
pression, since the resulting operation 
along the upper part of the curve will 
cause the sync region to fall on the bend 
of the curve unless amplitude of the ap¬ 
plied video is held to an unreasonably 
low-level. 

Adjustment of the modulated stage is 
more fully discussed in the next section 
concerning General Tuning Procedures. 

From the foregoing analysis of the 
video modulator action, the importance 
of proper clamping function may be ob¬ 
served. This DC restoration action at 
the modulator grids is fundamentally 
illustrated in (2) of Fig. 11.3C. Fig. 
11.3D is presented to emphasize the 
clamper action. It is recalled from basic 
theory that the average AC axis for a 

Figure 11.3C. 
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symetrical waveshape is as shown in 
(1) and (2) of this Fig. where an 
equal area of wave occurs above and 
below the zero axis. In (3) is shown a 
video signal equivalent to an all-white 
signal. It is necessary for the clamper 
or DC restorer circuit to shift the AC 
axis, in the positive direction to hold the 
pedestal and sync levels at the pre-de¬ 
termined reference point. Compare this 
to (2) of Fig. 11.3C. An all-black video 
signal is shown in (4) of Fig. 11.3D, 
and it is noted that the AC axis must 
be shifted in the negative direction to 
hold the peaks at the aforementioned 
reference level. In this case, the quies¬ 
cent bias of the modulator grids is 
shifted in the negative direction. This 
shifting of the AC axis so that the re¬ 
ference level always occurs at the same 
point on the grid-voltage, plate-current 
transfer curve regardless of wave¬ 
shape is equivalent to restoring the DC 
signal component. As shown in (5) of 
Fig. 11.3D, a video signal consisting 
of an exact balance between black and 
white would have its AC axis very 
nearly equal to that of a symmetrical 
waveshape. The slight difference oc¬ 
curs due to the setup of the video maxi¬ 
mum black to pedestal level, and the 
existence of the sync peak level. (Re¬ 
view sections 2.5 and 3.4 for DC re¬ 
storer and DC insertion theory.) 

It is well at this point for the reader 
to examine in greater detail a charac¬ 
teristic of modulation peculiar to TV 
alone. As described briefly in section 
5.3, in order to maintain the standard 
transmission signal of 25% sync to 
75% video, it is necessary to modulate 
the transmitter with a greater sync-to-

video ratio. Those stations adhering to 
the recommended signal output at the 
studio of 1.0 volt video and 0.4 volt 
sync (sections 3.5, 6.4) have automati¬ 
cally compensated this ratio in com¬ 
parison to the earlier practice of 1.5 
volt video and 0.5 volt sync. Some sta¬ 
tions however still adhere to the older 
practice, and other characteristics of 
transmission circuits may result in suf¬ 
ficient sync compression that this char¬ 
acteristic is important in the operators’ 
comprehension. Consider a video modu¬ 
lation envelope while transmitting a 
signal representing a white line on a 
black background as indicated in Fig. 
11.3E. Remember that FCC specifica¬ 
tions refer to the total carrier ampli¬ 
tude, that sync tips reach 100% modu¬ 
lation, pedestal level 75% modulation, 
and white level about 15% modulation. 
Under this specific condition, the actual 
modulation considering the entire video 
envelope is 85%. The resulting video 
signal relationship required to produce 
this standard signal is observed to be 
approximately 29.5% sync and 70.5% 
video. The actual video signal content 
should be less than 70.5%, since setup 
of maximum signal black should be held 
to about 10% less than the pedestal 
level (section 6.4). The new practice 
of supplying 1 volt video and 0.4 volt 
sync supplies approximately 28.6% 
sync to 71.4% video, and may be seen 
to very nearly equal the required modu¬ 
lation signal for the TV transmitter, 
making a “standard” studio signal out¬ 
put very nearly compatible to the modu¬ 
lation requirements of the transmitter. 
All visual transmitters include some 
means of control in sync expansion cir-
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cuits to exactly proportion sync-to-video 
ratio for correct modulation setting. 

In the process of amplitude modula¬ 
tion by the grid-bias method, a small 
amount of incidental phase modulation 
may be introduced. Extra precautions 
are taken in the initial design of trans¬ 
mitters to minimize this effect, and the 
operator must also observe precise re¬ 
lationships of adjustment to maintain 
operation within the allowable phase 
modulation in the picture signal. The 
net effect of incidental phase modula-
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tion is greater in the vestigial sideband 
type of carrier than would be the case 
in double sideband, since, in a double 
sideband amplitude detector the extra 
set of sidebands produced would can¬ 
cel out, whereas they add directly to 
the AM sideband in a single sideband 
detector. Observation of the vestigial 
sideband characteristic (Fig. 1.13B) re¬ 
veals that lower video frequencies up 
to 750 KC (0.75 me) are actually trans¬ 
mitted double-sideband, whereas higher 
video frequencies from 0.75 me to the 
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upper limit are transmitted vestigially. 
This is one of the limitations on video 
frequency characteristics which is fixed 
by transmission standards, and has a 
direct bearing on the amount of allow¬ 
able incidental phase modulation in the 
transmitted signal. 
The most important point for the 

operator to understand is how to deter¬ 
mine in a practical manner this “allow¬ 
able” amount. An intercarrier type re¬ 
ceiver in good working order provides 
a most reliable basis for judgment. In 
this receiver an intermediate frequency 
of 4.5 me is obtained as a beat between 
video and audio carriers. If the visual 
carrier contains incidental phase modu¬ 
lation from the picture signal, buzz and 
noise will result in the sound portion of 
the receiver from picture modulation. 
This test must assume that other fac¬ 
tors which would also produce noise in 
an intercarrier receiver, such as over¬ 
modulation in the white direction, are 
not present. In general, it may be un¬ 
derstood that picture distortion from 
phase modulation will be negligible if 
sound distortion in an intercarrier-type 
receiver is also negligible from this ef¬ 
fect. 

Picture-phase modulation might be 
caused by any condition resulting in 
an undue amount of RF feedback, such 
as would occur in stages improperly 
neutralized. 

11.4 Power Output 

The visual transmitter is never re¬ 
quired to develop an average power 
output greater than the average of the 
combined pedestal and sync levels. The 
rating of a video transmitter is given 
in peak power capability, and the 
measurement of this output power must 
be determined under these conditions. 

Thus in practice the average power 
of a standard black signal is found, and 
the peak value computed from this 
measurement. The most popular method 
used commercially to measure actual 
power output is the calorimeter method. 
The transmitter is worked into a 
dummy load of the same impedance as 

the transmission line. This dummy load 
is immersed in a water column with 
water pumped at a measured rate over 
the dummy resistance. Two water-tem¬ 
perature thermometers are used, one 
on the water-inlet terminal and the 
other on the water-outlet terminal. In 
one commercial unit (RCA), the power 
absorbed in the water (which approxi¬ 
mates actual power output of the trans¬ 
mitter within 5% ) is found by the re¬ 
lationship : 

POWER IN 
KILOWATTS = 0.263 X GPM X AT 
where: GPM = water flow in gallons 

per minute 
AT ; temperature difference 

between inlet and out¬ 
let water in degrees 
Centigrade. 

The transmitter is operated into this 
calorimeter load for about 15 minutes 
to obtain equilibrium of water tempera¬ 
ture. This is the average power output 
with the transmitter modulated by a 
standard black signal This means that 
the modulation consists only of pedestai 
and sync voltages, with pedestal level 
carefully adjusted to 75% of the peak 
output. To obtain the peak power out-
put, the above measured average power 
level is multiplied by the factor 1.68. 
This measurement is made at the out¬ 
put of the vestigial sideband filter 
where used. In low level modulated 
transmitters, the measurement is made 
at the output of the final linear ampli¬ 
fier. 
The reader should understand how 

this multiplying factor of 1.68 is ob¬ 
tained. Fig. 11.4A is presented to aid 
in this understanding. A standard 
black signal is transmission of sync 
pulses with the blanking (pedestal) 
voltage carefully adjusted to 75% of 
peak sync value. In this standard sig¬ 
nal the sync pulse occupies 8% of the 
line interval, or 0.08H. The pedestal 
level then occupies the remaining line 
interval of 92%, or 0.92H. The entire 
line interval (100% or 1H) is from the 
leading' edge of one H sync pulse to the 
leading edge of the next H sync pulse. 
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SYNC-

PEDESTAI_ LEVEL 

1 (8%H) I (.08H> I 

92 % H 
(0.92 HI 

I--100% H ( I H > 

100% AMPLITUDE III 

75% AMPLITUDE (0.751 

Pulse 
Degree of 
Modulation 
(Amplitude) 

Corresponding Power 
Level in '/q of Peak 

Power Level 
(l2R) 

Time Interval in 
% of H 

Ratio of 
Av Pk 
Power 

Sync. 100% (ip X wo = ioo% 100 X 0.08H = 8% 8fc

+ 51.5% 

59.5% 

Pedestal 75% (,75)2 X 100 = 56% 56 X 0.92H = 51.5% 

Since: Ratio of Average Power Peak Power = SÇ'/ifc or 0.595 

Then: Ratio of Peak Power Average Power = 1 0.595 = 1.68 
Therefore the multiplying factor to obtain peak power output from average power output of a 

standard black video signal is 1.68. 

Figure 11.4A. 

These relationships are shown in the 
diagram. The derivation of average/ 
peak power is also shown, and the con¬ 
version of this relationship to peak/ 
average power. Remember that average 

E 
power is related to F or-where cur-

R 
rent and voltage are those measured 
through or across known resistance, 
in RMS values. The relative peak power 
is then dependent upon the nature or 
shape of the power curve. 

Following the data given with the 
drawing, it is noted that the peak sync 
pulse is the level at which 100% modu¬ 
lation of the carrier wave occurs, and 
therefore the corresponding power level 
in c/r of peak power level is the same, or 
100%. The duration of this power level 
in terms of the line interval (H) is 
0.08H or 8%. The pedestal level is that 
level which produces 75% amplitude 
modulation of the carrier wave. Since 
the corresponding power level for any 

given value of resistance depends upon 
the square of the current or voltage, 
the average power level in this case is 
56% as shown. Since this power level 
occurs over 92% of the line interval 
(0.92H), the pedestal power interval is 
51.5%. The total of the time intervals of 
the respective powers (8%) + (51.5%) 
is then the ratio of the Average/Peak 
powers. 

Therefore to find the ratio of the 
Peak/Average powers, the reciprocal of 
the above is used. As shown, this 
amounts to 1.68. 
It may also be computed that the 

ratio of the RMS voltage or current of 
the carrier wave during H sync interval 
to the RMS voltage or current of the 
carrier wave during the entire H time 
is equal to 1.295. This factor squared 
gives : 

(1.295) 2 = 1.68 
To meet the requirements of the FCC 

Rules & Regulations, all installations 
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must include some indicating- device 
which shows peak power output of the 
video transmitter during the operating 
schedule. This meter is initially cali¬ 
brated by transmitting a known power 
as determined, for example, by the 
above described method. The indicator 
must then be checked at periodic inter¬ 
vals by re-running the dummy-load 
power computation, and comparing the 
peak-indicator meter reading with the 
computed power output. 
The peak power indicator usually 

takes the form of a reflectometer. This 
is a combination of a “directional cou¬ 
pling” device and a peak-reading diode 
detector circuit. (See section 5.3 and 
Fig. 5.3G for basic description and dia¬ 
gram.) This indicator provides a con¬ 
stant check on power output as well as 
showing condition of transmission line 
and antenna system as they affect 
standing waves on the line. 

11.5 General Tuning Procedures 

The tuning of television transmitters 
is not unduly complex, but the proce¬ 
dures are necessarily more involved and 
interdependent than is the case of the 
conventional audio transmitter. It is 
necessary for the AM operator to gear 
his thinking to the requirements of cir¬ 
cuit function in relation to the nature 
of the “standard television signal.” 

For the basic adjustment of a grid-
modulated RF stage, (3) of Fig. 11.3C 
should be observed during the following 
discussion. This stage operates essen¬ 
tially as a class B amplifier, with the 
fixed bias such that the tubes are oper¬ 
ated near plate-current cutoff. The gen¬ 
eral procedure is as follows: 

1. The modulated RF amplifier grid 
bias is adjusted without RF drive or 
video signal to a point allowing only a 
small plate current to flow; in other 
words, very near to the cutoff value. 
This fixes the lowest point of operation 
along the most linear portion of the 
transfer curve, shown as “minimum 
plate current” in (3), Fig. 11.3C. This 
is the quiescent or static bias of the 
stage and varies with the tube and cir¬ 

cuit conditions of the particular trans¬ 
mitter. Normal plate voltage and load¬ 
ing must be used on the stage during 
this adjustment. 

2. The RF drive (no video) is in¬ 
creased sufficiently to drive the plate 
current to the upper knee of the trans¬ 
fer curve, marked “maximum plate cur¬ 
rent.” Note that the indicated “mini¬ 
mum” and “maximum” values are the 
operating value of plate current. In 
practice, the maximum operating value 
is approximately one-half the maximum 
rated plate current of the particular 
tubes used in the modulated RF stage. 
In general, therefore, the RF drive is 
increased to a value about one-half that 
required to drive the tubes to the maxi¬ 
mum rated plate current. 

3. A maximum white video signal of 
approximately 30% sync, 70% video, is 
applied to the modulators. The video 
gain is advanced until the modulation 
envelope shows white modulation be¬ 
tween 15% and 10%. The monitoring 
device may be either a diode pickup and 
scope with chopper reference line, or a 
special RF waveform analyzer using a 
calibrated screen. (Detailed Chapter 
12.) It is noted from (3), Fig. 11.3C, 
that application of a white signal pro¬ 
duces negative modulation from the 
condition of the maximum carrier am¬ 
plitude under no-signal conditions. This 
is to say that with proper RF drive ap-
plied, and no video signal, the peak out¬ 
put of ihe transmitter prevails. It is 
noted from the drawing that when 
video is applied, the adjustment is such 
that the sync peaks of the applied video 
signal fall at the quiescent bias (mini¬ 
mum operating plate current) of the 
tube. Now considering sync tips only, 
the carrier amplitude is the same as 
with RF drive only, with no signal, or 
maximum value. At the blanking (ped¬ 
estal) level, the bias is increased, and 
plate current decreases by that amount. 
The large negative swing of the picture 
voltage then increases the bias still fur¬ 
ther, and the carrier amplitude de¬ 
creases accordingly to the minimum 
plate current value. The same reason-
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ing is applied to the all-black signal 
(or sync and blanking levels only) and 
it is observed that the plate current 
(hence carrier amplitude) is reduced to 
the pedestal level over the 92% of the 
line interval. The sync tips represent 
100% modulation, the blanking level 
75% modulation, and maximum white 
level is 10 to 15% modulation. 
The above has considered adjustment 

of the modulated stage, and it has 
been assumed that the exciter supply¬ 
ing the drive to this stage has been 
properly tuned by conventional meth¬ 
ods. The remaining tuning procedures 
concern the output circuit of the modu¬ 
lated stage, and any following linear 
RF amplifiers where this method is 
used. If the above modulation adjust¬ 
ment is carried out before adjustment 
of following linear amplifiers, the moni¬ 
tor pickup used must be from the modu¬ 
lated stage. 
The TV operator is concerned with 

circuits in which both plate and grid 

circuits are tuned, commonly referred 
to as double-tuned circuits in an over¬ 
coupled condition to achieve adequate 
power output with satisfactory band¬ 
width. Since tuning procedures of such 
circuits are unconventional, a brief re¬ 
view from fundamental theory is in 
order. 

Fig. 11.5A illustrates a double-tuned 
circuit arrangement and response 
curves corresponding to several factors 
or conditions. When the coefficient of 
coupling is small, the secondary re¬ 
sponse is small for a constant current 
AC in the primary, and has the typical 
shape of a single peak resonance curve. 
As the coupling is increased (tight¬ 
ened), the secondary response rises in 
amplitude, and broadens in response. 
If this process is continued until the re¬ 
sistance the secondary couples back 
into the primary is just equal to the 
primary resistance at resonance, the 
point of critical coupling is reached. 
At this point the secondary response 

S=SHAPE FACTOR OF 
CURVE 

K = COEFFICIENT OF 
COUPLING 

Q| = EFFECTIVE LOADED 
Q OF PRIMARY 

Q2=EFFECTIVE LOADED 
Q. OF SECONDARY 

CU RVE 1 - S = <1 
= <Û 

CURVE 2 - S = >1 
CkV5¡7T2=>0 
LOW Q CIRCUITS 

CURVE 3- S=>1 
Ck^oTos = >0 
HIGH Q CIRCUITS 
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attains its maximum possible ampli¬ 
tude. The shape factor (S) of this 
curve is still less than 1, even with high 
Q circuits, as indicated in the diagram 
(Curve 1). The primary or secondary 
“Q” is the ratio of the energy stored in 
that circuit to the energy dissipated 
per cycle (X/R). The average trans¬ 
mitter operator is familiar with the 
circuit thus far, and he tunes primary 
and secondary for maximum secondary 
response, indicating resonance and opti¬ 
mum loading conditions simultaneously. 

From this point on, conditions differ 
from conventional AM circuit action. 
When the coupling is tightened beyond 
the critical value, the secondary re¬ 
sponse begins to show double humps. 
When this occurs, the shape factor be¬ 
comes greater than 1, even with low Q 
circuits. For a given circuit, the peaks 
of the humps become greater in ampli¬ 
tude and farther apart as the coupling 
is increased. Thus the peaks may be¬ 
come quite pronounced with a decided 
valley between them as shown by curve 
3 of the diagram. This is typical of a 
tightly over-coupled circuit with high 
circuit Q, and a resulting shape factor 
(S) much greater than 1. 
In order to obtain the more desirable 

curve as shown by (2) of the response 
curves, we may examine the possibili¬ 
ties afforded the operator. The shape 
factor depends upon the coupling and 
circuit Q. The Q in itself will depend 
upon loading of the circuit. The opera¬ 
tor has no control over the “designed 
Q,” therefore he has two possibilites: 
(1) amount of coupling and (2) load¬ 
ing. 

In practice, circuit constants have 
been designed so that the shape of the 
response curve will be correct when the 
circuit is adjusted for optimum band¬ 
pass characteristics. For a given value 
of coupling in a given over-coupled cir¬ 
cuit, increasing the secondary load (by 
decreasing the effective value of R2 in 
(1) of Fig. 11.5A) will decrease the 
amplitude of the humps with a more 
flat topped response curve as in curve 
(2). 

The primary and secondary of such 
a circuit must both be tuned on reso¬ 
nance. This resonant frequency need 
not be the actual carrier frequency; in¬ 
deed this practice is seldom used in 
video transmitters. The reason is that 
the tuned RF circuits are so adjusted 
that the lower sideband of the video 
passband are attenuated by the re¬ 
quired amount. Thus the carrier fre¬ 
quency is actually lower than the reso¬ 
nant frequency by about 1.5 me as illu¬ 
strated in Fig. 11.5B. This is accom¬ 
plished in practice by adjusting the 
resonant frequency of the tuned cir¬ 
cuits of the modulated stage and RF 
linear amplifier to a higher value than 
the carrier frequency. 

Since primary and secondary of the 
double-tuned overcouidec circuit must 
be tuned to resonance, the operator can¬ 
not follow the conventional practice of 
tuning for maximum power output as 
in AM circuits or broad-band single¬ 
tuned circuits. What actually happens 
when this is attempted is that the pri¬ 
mary and secondary are tuned to dif¬ 
ferent frequencies in order to find a 
load impedance favorable to maximum 
power output. The result is shown by 

CARRIER RESONANT FREQUENCY 
FREQUENCY OF TUNED CIRCUITS 

Figure 11.5B. The video carrier is placed ap 
proximately 1.5 me lower than the resonant fre 
quency of the linear ampl fie' tuned circuits by 
resonating the tuned circuits 1.5 me higher than 
the carrier frequency. The “ideal" flat top is 
then • 4 me: and —0.5 me from the carrier fre 
quency, giving the required video bandpass with 

proper attenuation of the lower sideband. 
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Fig. 11.5C. When the primary and sec¬ 
ondary are tuned to the same fre¬ 
quency, resulting in a symmetrical 
band-pass characteristic, the input im¬ 
pedance at the center of the band 
(which determines the maximum power 
the tube can develope), is at a mini¬ 
mum value. 

Therefore, if tuning strictly by the 
“meter method” without the aid of an 
oscilloscope, the operator performs ad¬ 
justments with the above characteris¬ 
tic in mind of obtaining minimum load 
impedance for a given value of cou¬ 
pling. When minimum load impedance 
on the driver is obtained, a minimum 
peak in grid current of the driven stage 
will occur upon rocking the primary 
capacitor back and forth through reso¬ 
nance. Upon initial adjustment, the 
plate voltage is lowered on the driven 
stage, and the primary tuning adjust¬ 
ment rocked through resonance as in¬ 
dicated by the grid current meter in the 
driven stage. If this stage uses a tet¬ 
rode tube, more accurate indication may 
be observed by watching the screen¬ 
current meter for the peak in screen 

CENTER 
FREQUENCY 

Figure 11.5C. Resulting amplitude — frequency 
response curve of over-coupled double-tuned cir¬ 
cuit when primary and secondary are tuned to 

different frequencies. 

current. When primary resonance is 
found by this procedure, the secondary 
is adjusted so that a minimum peak in 
grid or screen current occurs as the 
primary is varied back and forth 
through resonance. This assures that 
both primary and secondary are tuned 
to the same frequency. 

In stages using variable coupling, it 
may occur that the driver load impe¬ 
dance from the above procedure is too 
low. This will be revealed by excessive 
plate current compared to the effective 
power output, indicating high internal 
anode power dissipation. Under these 
conditions the bandwidth is usually 
greater than required. The situation is 
remedied by using reduced coupling 
and repeating the above procedure. This 
increases the load impedance, decreas¬ 
ing the tube loading conditions, hence 
reducing the plate current for a given 
power output. 

Thus the reader should note that un¬ 
der some conditions, increased driving 
power may result from reducing the 
coupling rather than increasing the 
coupling as is necessary in conventional 
AM transmitters. This is a characteris¬ 
tic of double-tuned, overcoupled RF 
transformers. It should be borne in 
mind that when a single-tuned broad¬ 
band circuit is used between stages, the 
circuit is tuned in the conventional way 
for maximum grid current in the driven 
stage. 
Coupling adjustments on ordinary 

link-coupled circuits are obvious; mov¬ 
ing the links farther apart decreases 
the coupling, and vice-verse. Adjust¬ 
ment of circuits using resonant lines 
are not so obvious. In general, it should 
be understood that moving the connec¬ 
tion on the resonant line toward the 
open end results in increased loading. 
For example, consider the common case 
of a driver stage coupled to the follow¬ 
ing stage operating grounded grid by 
tapping onto the cathode resonant line. 
The driver stage would be loaded more 
heavily by adjusting the point of cath¬ 
ode connection toward the open end of 
the line, and would be decreased by 
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moving this connection toward the cath¬ 
ode terminal, of the driven amplifier. 
In the instance of loading a final stage 
to the transmission line, the final am¬ 
plifier is loaded more heavily by mov¬ 
ing the transmission line connections 
toward the open end of the final plate 
resonant line output circuit. 

For a properly tuned overcoupied cir¬ 
cuit, bandwidth (separation between 
humps in the response curve) is mostly 
under the influence of degree of cou¬ 
pling, while flatness across the top of 
the response curve is mostly affected 
by loading. 
After the circuit has been properly 

tuned, the entire resonant frequency 
may be shifted the required amount 
above the carrier frequency only by 
using a sweep generator, markers and 
scope. The next section details this ad¬ 
justment for a specific transmitter. 

11.6 General Electric Type TT-IO-A 
Transmitter 

For the purpose of acquainting the 
reader with the theory and tuning pro¬ 
cedure of a commercial transmitter, a 
somewhat detailed analysis of the GE 
TT-IO-A transmitter is presented in this 
section." Due to space limitations and 
the impracticability of presenting very 
large complete schematics of the en¬ 
tire circuitry, the material is necessarily 
incomplete as compared to the actual 
instruction manuals of the manufac¬ 
turer. These instruction manuals are 
very detailed and leave little question 
in the minds of the engineers with 
proper technical background. The mate¬ 
rial in this section has been especially 

"Based upon material supplied 
through courtesy General Electric. 

Figure 11.6A. The 5 kw VHF Low Channel Transmitter Exciter, type TT-IO-A. Courtesy G. E. 
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prepared and arranged to familiarize 
the student and newcomer with practi¬ 
cal transmitter adjustments as recom¬ 
mended by the designers of the actual 
equipment. 

It should be noted from the descrip¬ 
tions and schematics that each stage 
is designated not only by type of tube 
such as GAC7, or 6AH6, etc., but also 
by symbols such as 1V52, 1XV52, 1V57, 
1XV57, etc. The symbol V stands for 
vacuum tube, while the symbol X stands 
for the socket of that particular tube. 
In this way, the description referring to 
a particular stage are simplified by 
simply designating IV or 1XV and cor¬ 
relating the text with the schematics 
showing these symbols, thus avoiding 
such references as (for example) “the 
second type 8008 rectifier from the left 
looking from the front.” All terminal 
boards have numbers such as 1TB10, 
2TB12, etc. The symbol TB designates 
terminal board. 

DESCRIPTION 

1. CONSTRUCTION 
The General Electric Type TT-10-A 

Transmitter consists of the transmitter 
proper and a control panel. (Fig. 
11.6A). 
The Transmitter is housed in three 

cubicles; Visual, Power and Control, 
and Aural. The cubicles are designed to 
be bolted together in a straight line. 
A wiring trench for intercubicle wiring 
is located in the floor at the rear. A 
recessed open kick-cove is provided 
along the base of the cabinets at the 
front to prevent scuffing of the finish. 
Convenience outlets and switches for 
cabinet interior lighting are located on 
the back of each cubicle. The top front 
panels of the cubicles are exposed and 
contain the frequently used controls, 
supervisory lights and viewing ports. 
The lower part of each cubicle is en¬ 
closed behind access doors. In the Aural 
cubicle this space contains the aural 
modulator and regulated power supply 
panels. In the centei- cubicle the space 
is occupied by two hinged relay panels 
which open to permit access to the wir¬ 

ing and the blower and drive belt. The 
lower panel of the Visual cubicle houses 
the visual modulator, exciter, test panel, 
sweep generator, and small power sup¬ 
plies. The complete block diagram is 
illustrated in Fig. 11.6B. 

2. AURAL TRANSMITTER 

The Aural Transmitter consists of an 
aural modulator, RF power amplifiers 
and their associated rectifier and control 
equipment. 
The aural modulator employs a new 

principle in phase-shift modulators to 
obtain frequency modulation. Features 
of this modulator are: direct crystal 
control of the carrier frequency, use of 
standard receiving tubes throughout, 
and alignment without auxiliary appar¬ 
atus. Output of this unit is approxi¬ 
mately 2 watts at the carrier frequency. 

Radio-frequency power amplification 
is accomplished in three stages of Class 
C amplification using high-gain tetrodes 
in push-pull circuits. 

The rectifiers supplying the plate, 
screen and bias voltages are housed in 
the cubicle. 
Incoming audio is fed through the 

transmitter control panel to a Program 
Amplifier such as a Type BA-2-A lo¬ 
cated in a rack and from there to the 
aural modulator in the Transmitter. 

3. VISUAL TRANSMITTER 

The Visual Transmitter consists of 
a visual modulator, sweep generator, 
exciter and RF power amplifier with 
their associated rectifiers and control 
circuits. 

The video modulator is a five-stage 
video amplifier using back porch clamp¬ 
type DC insertion. Conventional receiv¬ 
ing type tubes are used throughout. 
Controllable sync stretching allows 
proper operation of the Transmitter 
over a wide variation of input sync 
percentage. Adjustable white clipping 
prevents over-modulation thus reduc¬ 
ing the residual noise level in intercar¬ 
rier-type receivers. A clip-fade circuits 
removes the video without loss of sync 
allowing composite switching at the 
Transmitter. 
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Figure 11.6B, Block Diagram, Type TT-10-A Television Transmitter. Courtesy G. E. 
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The sweep generator provides a con¬ 
stant voltage swept over a wide fre¬ 
quency range for use in adjusting the 
bandwidth of the linear wide-band 
radio-frequency power amplifiers. It 
also is useful for checking antenna and 
transmission line performance. 

The visual exciter consists of a crystal 
oscillator, a phase modulator and three 
stages of multiplication. This unit pro¬ 
vides about one watt of power at the 
carrier frequency. The phase modulator 
is used to partially compensate for the 
incidental phase modulation which re¬ 
sults when the carrier is amplitude-
modulated. 

The output of the visual exciter fur¬ 
nishes the carrier-frequency excitation 
for the modulated stage. The modulated 
stage is grid modulated by the output 
of the visual modulator. The output of 
this stage is about one watt of carrier 
frequency power amplitude-modulated 
by the video signal. 

Power amplification is accomplished 
in four wideband class-B stages. Three 
of the stages are push-pull tetrodes, 
the final is push-pull ground-grid tri¬ 
odes. Class-B stages are used to main¬ 
tain the linearity of the modulation. 
The stages are wideband to pass the 
sidebands due to the video modulation. 
The high-voltage rectifier for the 

Visual Transmitter is located in the 
Rectifier and Control cubicle. Other DC 
voltages are supplied from rectifiers lo¬ 
cated in the Visual cubicle. 

4. CONTROL SYSTEM 
The control system has several func¬ 

tions such as starting and stopping the 
transmitters conveniently, sequencing 
the starting properly, protecting the 
equipment from self destruction and 
protecting station personnel from acci¬ 
dental contact with the high-voltage 
circuits. The rear access doors have 
interlocks which remove the primary 
power from the rectifier transformers 
when the doors are opened. In addition 
these doors actuate switches which me¬ 
chanically ground the high voltage AC 
and DC buses. The front access doors 
and relay panels are not interlocked. 

Quick acting DC overload relays and 
magnetically operated AC switches pro¬ 
tect the equipment against electrical 
overload. In case of a plate circuit over¬ 
load two plate reclosures will auto¬ 
matically occur before lock-out. In addi¬ 
tion, the Transmitter will recycle for 
power line failures of less than two 
seconds. 

Both aural and ” ial control can be 
accomplished from the front panel of 
the center cubicle with the more im¬ 
portant controls being duplicated at the 
control panel. 
The Aural Transmitter can be oper¬ 

ated with the rear doors on the Visual 
and Rectifier and Control cubicles open; 
conversely the Visual Transmitter can 
be operated with the rear door on the 
Aural Transmitter open. This allows 
tube replacement and minor servicing 
to be done on one section while the 
other is being operated. 

5. COOLING SYSTEM 

Forced air is used for tube and cubi¬ 
cle cooling, the blower being located in 
the center cubicle. Air is drawn through 
a filter in the rear door by the blower 
which feeds the other two cubicles 
through a duct. It is exhausted through 
openings in the top of these two cubi¬ 
cles. Special ducts in each cubicle feed 
the air to the points requiring cooling 
such as the 2nd I PA and PA stages in 
the Aural Transmitter and the 2nd IPA, 
3rd IPA and PA stages in the Visual 
cubicle. Jets of air are also fed to the 
base of the 8008 rectifiers in the Visual 
Transmitter to aid in mercury condensa¬ 
tion. 
An exhaust duct can be used with 

this Transmitter for the removal of 
warm air provided an exhaust fan is 
installed in the duct. The fan should be 
capable of moving 1600 cfm of air free 
delivery to prevent any resistance pres¬ 
sure caused by the duct from retard¬ 
ing or unbalancing the exhaust air flow 
from the cubicles. 

The blower is a belt-driven non-over-
loading type. A two-hp motor drives a 
number 90 Sirocco fan. Adjustable 
shives permit changing the speed of the 
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fan to compensate for 50-cycle or high-
altitude operation. 

6. POWER FEED 

The 208/230-volt three-phase power 
supply for the equipment should be 
carried through a circuit breaker or 
fuse of not over 150 percent of the cur¬ 
rent rating of the wire used. The inter¬ 
rupting capacity of the breaker should 
be greater than the short-circuit cur¬ 
rent capability of the source to which 
it is connected. When this breaker is 
open the entire equipment should be 
dead except for the crystal heater cir¬ 
cuit and the utility circuit which are 
both 115-volt circuits. Incoming power 
is connected to the main terminal board 
in the center cubicle. 
The aural and visual high-voltage 

transformers and the blower operate 
from the supply voltage directly. These 
two transformers are provid'd with 
voltage changing terminals. All other 
power supplies and all filaments operate 
from a manually regulated 230-volt line 
which has a front panel contro'. 

The blower is fed directly from the 
main line. Circuit breakers provide for 
opening of the plate circuits in both 
sections of the Transmitter in case of 
overloads or faults. The principle power 
supplies have individual ON-OFF 
switches. 

7. CONTROL PANEL 

The control panel is a 19 by 13-15/16 
inch panel weighing five pounds and 
designed to mount in a Type PR-17-A 
Top Cabinet. It can be mounted in a 
standard 19-inch rack with a few minor 
mechanical modifications. A hinged plate 
on the back of the panel mounts the 
interconnection receptacles. V deo con¬ 
nections are made by coaxial connec¬ 
tors. Power and audio connections are 
made through Jones plugs. The panel 
provides for the selection of one of four 
audio inputs and one of two '-isual in¬ 
puts. The control panel provides the 
necessary controls and monitoring 
switching for convenient operation of 
the Transmitter. The control panel is 
described in detail in Chapter 12 on Figure 11.6C. 1 st tc 4th Video stages. 
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Operations, as are the functions of the 
various control circuits. 

8. SYMBOLS 
Circuit components are identified by 

a letter preceded and followed by a 
number. The letter indicates the type 
of component such as C for capacitor, 
R for resistor, etc. The prefix number 
indicates the cubicle in which the com¬ 
ponent is located (1 is for the Visual 
cubicle; 2 the Rectifier cubicle; and 3 
the Aural cubicle). The suffix number 
indicates the number of the part in that 
unit. Terminal board numbers are fol¬ 
lowed by a dash and the particular 
terminal number. 

All controls on the Transmitter are 
labeled with their name. All compo¬ 
nents in the Transmitter where possible 
are stamped with their symbol number 
for easy identification and are similarly 
identified on drawings. 

THEORY AND CIRCUIT ANALYSIS¬ 
VISUAL TRANSMITTER 

1. VISUAL MODULATOR 
The visual modulator takes the com¬ 

posite video signal from the studio and 
amplifies it to sufficient level to grid 
modulate a GL-815 RF amplifier. Back 
porch clamp type DC insertion is used. 
The modulator also provides various 
points in the following circuits. 

A. Description 
(1) Input (Fig. 11.6C) 

The input terminals of the 
modulator are 1TB1-1 and 2. The in¬ 
put impedance is 75 ohms unbalanced. 
The input must be in the range of from 
0.8 to 2.2 volts from blanking level to 
reference white of picture signal. The 
sync must be at least 15 percent of the 
picture signal and have a minimum of 
3.25 microseconds back porch. 1J51 is 
available for checking the input voltage. 

(2) Ampliers (Fig. 11.6C) 
1V51 is a shunt-compensated 

video amplifier. 1V53 is a shunt com¬ 
pensated video amplifier with DC inser¬ 
tion in its grid circuit. The DC inser¬ 
tion is the back porch clamp-type sup¬ 
plied by the keyed-diode 1V52. 1V54 
and 1V55 are series-shunt compensated 
video amplifiers. Figure 11.6D. 
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(3) Output (Fig. 11.6D) 
The plate circuit of 1V57 is 

arranged to supply video modulating 
voltage to the grids of the push-pull 
modulated stage which utilizes a GL-815 
tube. The cathode of 1V57 is connected 
to —300 volts through the eathode re¬ 
sistor 1R103. The plate of 1V57 is con¬ 
nected to +300 volts through the plate 
load 1R102 and the DC OUTPUT con¬ 
trol 1R101. Thus, the DC voltage to 
ground from the junction of 1R102 and 
the plate of 1V57 is determined by the 
setting of 1R101 and the current drawn 
by 1V57. The average current drawn 
by 1V57 is determined by its grid-to-
cathode voltage which is set by the 
clamp tube 1V56. The operation of the 
clamp tube 1V56 is determined by the 
setting of the SYNC stretcher control 
(Fig. 11.6E). Thus the DC OUTPUT 
and SYNC stretcher controls are inter¬ 
locked. Normally, these controls are set 
so that black level produces —20 volts 
as read on the DC INSERTION meter. 
The WHITE CLIP control 1R108 is set 
so that the DC INSERTION meter 
reads 35 volts with the diode 1V58 re¬ 
moved. When 1V58 is replaced, the out¬ 
put is free to follow the video varia¬ 
tions at the plate of 1V57 as long as the 
potential does not go further negative 
than —35 volts. This limits the white 
excursion of the modulator, and with 
proper adjustment prevents the Trans¬ 
mitter from being overmodulated. 
1V59 takes a sample of the output 

voltage and delivers it to 1TE2-11 and 
12 which will drive a terminated 75-
ohm cable feeding a monitor. 

(4) Sync and Pulse Shaping (Fig. 
11.6E) 

A sample of the video voltage 
(sync positive) that is developed by 
1V54 is coupled to the grid of 1V60. 
The DC grid bias on 1VG0 is maintained 
at a value approximately equal to the 
peak-to-peak video swing by the grid 
conduction of 1V60 and the Time con¬ 
stant of the network 1R1Ï7 and 1C76. 
The video swing is of such magnitude 
that severe white clipping results yet 
tire sync pulse and the regicn around 
black level are transmitted. 

By the method to be described the 
keyed diode tube 1V61 holds the voltage 
represented by black level at the grid 
of 1V62A at a value determined by the 
setting of the SYNC SEPARATOR con¬ 
trol, 1R128. Since the video voltage at 
the grid of 1V62A is sync negative, the 
sync in the output of 1V62A is clipped 
when it passes negative beyond the cut¬ 
off grid voltage. In this way the height 
of the sync pulse (or substantially, the 
peak-to-peak output voltage, since very 
little video in the black region is being 
transmitted at this point) is controlled 
by the SYNC SEPARATOR control, 
1R128. 

The output of 1V62A (sync positive) 
is applied to the grid of the sync 
stretcher tube lVß3. The grid bias of 
lVß3 is maintained approximately equal 
to the peak-to-peak video swing by the 
grid conduction of 1V63 and the time 
constant of 1C84-1R134. The video 
voltage applied to the grid of 1V63 is 
adjusted by 1R128 SYNC SEPARATOR 
control so that black level occurs at a 
voltage xery near cutoff for 1V63. The 
part of the sync pulse which is ampli¬ 
fied by 1V(>3 is that adjacent to black 
level. 1V63 and the video amplifier 1V55 
have a common plate load, thus the sync 
pulse from 1V63 is added to that al¬ 
ready present in the video amplifier. 
Since the sides of the sync pulse are 
sloping, no section of the sync pulse 
other than that adjacent to black level 
may be added to the original pulse with¬ 
out putting a jog in the rising side of the 
pulse. SYNC STRETCHER SCREEN 
control, 1R142, adjusts the screen volt¬ 
age and the gain of 1V63. Controlling 
the gain of 1V63 varies the amount of 
pulse added to the video amplier. 

The output of 1V62A is also fed to 
the grid of 1V62B. The grid bias of 
1V62B is maintained at a value ap¬ 
proximately equal to the peak-to-peak 
video signal by the grid conduction of 
1V62B and the time constant of lC8ß 
and 1R143. The video voltage applied to 
the grid of 1V62B is of such a magni¬ 
tude as to clip off the black level region. 
This pulse signal is further amplified 
and clipped by 1VW4A. Thus positive 
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Figure 11.6E. Stretcher and Clamp Pulse-Former circuits. 
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pulses of large amplitude are produced 
across the plate resistors 1R147 and 
1R148 of 1V64A. 
The positive pulses developed by 

1VG4A are differentiated by the net¬ 
work 1C88-1R149 and applied to the 
grid of 1V64B. In the absence of pulses 
the grid of 1V64B is held at zero volts 
by means of the high resistance 1R149 
being returned to the positive supply. 
The positive spike which results from 
the differentiation of the rising side of 
the pulse developed by 1V64A has a 
very low resistance to ground because 
of the grid conduction of 1V64B, there¬ 
by causing only a small positive ex¬ 
cursion at the grid of 1V(>4B. The nega¬ 
tive spike resulting from the differentia¬ 
tion of the falling side of the pulse de¬ 
veloped by 1V64A has the high re¬ 
sistance, 1R149, to ground. Thus the 
only signicant voltage appearing on the 
grid of 1V64B is a large negative pulse 
occurring each time the voltage drops 
from peak-to-black level. This pulse is 
clipped and amplified in 1V65 and ap¬ 
plied to the grid of the keyer tube 1V66. 
Since the pulse is negative the keyer 
tube is cut off. This results in pulses of 
plate and cathode voltage of the type 
shown in Fig. 11.6F. These pulses are 
timed to occur (a) during the back 
porch interval after horizontal pulses, 
(b) immediately following equalizing 
pulses, or (c) during each serration of 
the vertical pulse. The clamping pulses 
do not appear in the output of the 
modulator. 

(5) Clamps 
The operation of the back 

porch clamp insertion circuits (1V61, 
1V52 and 1V56) are explained in con¬ 
junction with Fig. 11.6G. This figure 

Figure 11.6F. 

is a redrawing of the components asso¬ 
ciated with 1V52 which is the keyed 
diode providing DC insertion in the grid 
circuit of the video amplifier 1V53. 

The point A on Fig. 11.6G is main¬ 
tained at +300 volts DC and AC ground 
by the plate supply for the keyer tube 
1V(>6. Assume the keyer tube to be 
operating without drixing pulses. As 
shown in the pulses sketches (Fig. 
11.6F) the potentials at B and C in 
Fig. 11.6G will assume the values they 
have during conduction. These are 
noted and labeled (1). Since the junc¬ 
tion of 1R64 and 1R65, (Gl) is grounded, 
under equilibrium conditions points D 
and E are also at ground potential. This 
causes the voltages on 1C55 and 1C54 to 
be as shown with the suffix (1). 

Assume the keyer tube is pulsed to 
cutoff. The potentials at points B and C 
become those indicated with the suffix 
(2). At this instant the voltages around 
the loop ABEFDCG2A in a direction to 
cause conduction by 1V52 are: 

Positive Negative 
AB 0 0 
BE 280 
DC 20 
CG2 0 0 
G.A 300 

320 280 

or a net voltage of 40 across ED. There¬ 
fore, current flows around the loop 
through the diodes, quickly charging 
the condensers 1C54 and 1C55 to the 
values indicated by (2). Note, that as¬ 
suming the voltage across the diodes in 
the direction of conduction is equal, the 
charge on 1C53 quickly adjusts itself 
so that the grid of the clamped tube 
assumes a potential half way between 
points D and E or ground. 

With the keying pulse removed from 
the keyer tube 1V66, the voltages at 
points B and C resume the voltages 
indicated by (1). At this instant the 
voltages around the loop ABEFDCG2A 
in a direction to cause conduction by 
1V52 are: 
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Positive Negative 
AB 20 
BE 300 
DC 0 0 
CG2 0 20 
G2A 300 

300 340 
or a net voltage of 40 volts across ED 
in the direction opposite to that which 
would cause conduction. This cuts off 
the diodes and causes two effects (1) 
the point F is isolated and free to fol¬ 

low the video voltage driven on it by 
the coupling capacitor 1C53 and (2) 
the voltages on 1C54 and 1C55 cannot 
quickly readjust themselves to condi¬ 
tions (1) because the only paths for 
their discharge is the long time constant 
path ABEG,G:A and DG,G,CD. Thus 
1C54 and 1C55 hold substantially the 
voltage indicated under (2) until the 
next clamping pulse which brings the 
diodes into conduction and replenishes 
the small amount of charge lost by 
1C54 and 1C55. The foregoing process 

- 300V ---

300V B + SUPPLY VOLTAGE MAINTAINS 300V DC. POTENTIAL 

BUT ALLOWS NO AC VOLTAGE BETWEEN THESE POINTS. 

IR72 IR73 
—Ww+A'W-* 
+ 280(1) B A 
+300(2) 

DRIVING PULSES FROM 

OUTPUT OFIV65 

2ND VIDEO 
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clamps the grid of 1V53 at a definite 
DC level when the video voltage is at 
pedestal level but leaves the grid free 
to follow the video variations at all 
other times effectively accomplishing 
back porch clamp-type of DC insertion. 
It can be shown by an analysis similar 
to that above, that if the potential of 
G, is held at a fixed DC value with re¬ 
spect to ground, the grid of 1V53 will 
be clamped at that d-e value. Note also 
that the keying pulses must have a 
greater peak-to-peak value than the 
video voltage applied to the grid to be 
clamped. If this were not true one or 
the other of the diodes could be brought 
into conduction at an improper time. 
To obtain the different values of clamp¬ 
ing pulses needed for the various clamps 
the plate and cathode resistors of 1V53 
are tapped. 

(G) Diode Rectification (Fig. 
ll.GC) 

Since improper input signals 
(too low percentage sync, too short 
a back porch, too noisy signals, etc.) 
may cause faulty operation of the 
clamps, emergency operation has been 
provided using diode rectification type 
DC insertion. Moving 1V52 from 1XV52 
to 1XV67 disassociates it from the 
clamp circuits and provides diode recti¬ 
fication type DC insertion for the grid 
of 1V53. Moving 1V5G from 1XV56 to 
1XV68 (Fig. 11.6D) accomplishes the 
same for the grid of 1V57. One half of 
the diode 1V5G is used as a switch to 
connect in a 10 megohm grid resistor 
for 1V57. This not only removes the 
10 megohm resistor from loading the 
clamps during normal operation but 
since the diode is returned to a point 
more negative than the grid, the DC 
insertion under emergency conditions is 
improved. No emergency position is 
provided for 1V61. Since sync is nega¬ 
tive at this point, diode section 1 and 
7 will conduct on sync peaks and diode 
section 2 and 5 on white peaks. Thus 
the voltage between pins 5 and 7 will be 
equal to the peak-to-peak video and the 
potential at the junction of the equal 
resistors 1R125 and 1R126 will be mid¬ 
point of the peak-to-peak video. Since 

the voltage at this junction is deter¬ 
mined by the setting of the potenti¬ 
ometer 1R128, the midpoint of the video 
voltage on the grid of 1V62A is this 
voltage. During emergency operation 
when clamp pulses might be faulty, it is 
desirable to prevent their formation by 
removing 1V65. It is desirable, how¬ 
ever, to maintain the sync separator 
chain 1V60 through 1V63 to provide 
sync stretching. 

(7) Test 
Certain tests required in the 

FCC Proof of Performance require that 
the Visual Transmitter be modulated 
with sine waves ranging in frequency 
from 200 kc to 4 me. Since sine waves 
without sync would render the clamp 
circuits inoperative, a switch, 1S51 
(shown in both 11.6C and 11.6D), is 
provided to remove the clamp voltage 
and place a constant DC voltage on the 
clamped grids of 1V53 and 1V57. The 
voltage on the grid of the output tube, 
1V57, is adjustable by means of the 
TEST BIAS control 1 R98 (Fig. 11.6D). 

(8) Clip Fade (Fig. ll.GC) 
Adjustable DC grid bias for 

the 4th video amplifier, 1V55, is ob¬ 
tained through the VISUAL FADE con¬ 
trol and the decoupling network 1R83-
1C62. (Since the video is sync positive 
at this point, increasing the negative 
bias clips off part of the picture por¬ 
tion of the signal.) Extreme counter¬ 
clockwise rotation of the CLIP FADE 
control puts sufficient voltage on the 
grid to completely remove all the pic¬ 
ture leaving only the sync. This control 
allows switching between non-syn-
chronous composites at black level thus 
minimizing visible roll on receivers. 

(9) Sync Stretching 
The amount of sync added to 

the video signal by the sync-stretcher 
tube 1V63 is always sufficient to drive 
the output tube 1V57 beyond cutoff. 
Since the video is sync negative this re¬ 
sults in a portion of the sync being 
clipped. Adjusting the voltage at which 
the grid of 1V57 is clamped during the 
back porch interval (by means of the 
SYNC control) sets the amount of the 
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sync that is clipped. Thus the ratio of 
sync to video can be controlled. 

B. Alignment 
Alignment of the video response 

of the visual modulator may be accom¬ 
plished as follows: 

(1) Rotate the TEST-CLAMP 
switch to TEST 

(2) Feed a video sweep generator 
into the modulator through one of the 
video line inputs on the control panel. 

CAUTION : The driving point 
impedance of the generator 
must be equal to the line im¬ 
pedance of 75 ohms or the 
frequency response will not 
be correct. 

(3) plug a video detector probe 
into pin jack 1J51 (Fig. 11.6C) and 
check that the sweep input is flat. 

(4) Plug the video detector probe 
into 1J53 and adjust 1L51 until the re¬ 
sponse is flat. If response cannot be 
made flat check for a bad tube or faulty 
circuit component. 

(5) After this circuit has been ad¬ 
justed move the detector to 1J54 and 
adjust 1L52 to give flat response. 

(6) Next move the detector to 
1J55 and adjust 1L53 and 1L54 to give 
a flat response. It will be found that the 
shunt coil, 1L53, has a major effect on 
the point of high-frequency cut-off 
while the series coil, 1L54, has a major 
effect on the low-and medium frequency 
flatness. 

(7) Move the detector to 1J68 and 
adjust 1L55 and 1L56 as described 
previously. 

(8) Move the detector to 1J56 and 
adjust the 1L57 series coil and the 
1L58 shunt coil as described previously. 
Note that any capacity presented by the 
video detector must be taken into ac¬ 
count when aligning 1L57 and 1L58. 
Also, it is not anticipated that the video 
response should need frequent check¬ 
ing. 

2. SWEEP GENERATOR 
(See Fig. 11.6H) 

The sweep generator is a device for 
generating a constant voltage swept 
over a band of approximately 8 me 

centered on the television channel for 
which the wide-band, class B, linear 
radio frequency amplifiers of the Visual 
Transmitter are to be aligned. The 
sweep voltage is delivered balanced to 
ground at the SWEEP OUTPUT jacks, 
1J401 and 1J402. The output of these 
jacks can be patched to terminations 
which are capacity coupled to the plates 
of the amplifier stages. Thus this volt¬ 
age drives the circuit to be adjusted. 
By placing a suitable detector across 
the output of the stage the frequency 
response can be seen. This is the stand¬ 
ard visual alignment procedure as 
basically described in Sections 5.3 and 
8.3. 

A. Description 
The sweep generator consists of a 

6J6 oscillator 1V401, and a GL-815 
wide-band amplifier 1V402, and two 
marker oscillators 1V403, and 1V404. 
The frequency of the 6J6 oscillator is 
varied by the capacitor 1C403 which is 
driven by the non-synchronous motor 
1B401. 1C405 and 1C406 couple the 
output of the oscillator to the grid of 
the amplifier. The plate circuit of 1V402 
is a double-tuned circuit coupled and 
loaded to give equal amplification over 
a large part of the range of frequencies 
generated by the oscillator. 1C411 tunes 
the primary inductance 1L402. 1C413, 
1C414 and 1C431 tune the secondary 
inductances 1L403 and 1L404. 1J401 
and 1J402 are the output jacks which 
feed the 75-ohm terminated cables pro¬ 
vided with the unit. The ratio between 
1C413, 1C431 (these two capacitors are 
usually set approximately equal) and 
1C414 determines the secondary load¬ 
ing. 

1L406, 1C417 is a sharply tuned cir¬ 
cuit inductively coupled to the output 
tank. Whenever the sweep passes 
through the frequency to which the 
circuit is tuned, a voltage is developed. 
This is impressed across the crystal 
detector 1CR401 which rectifies it. The 
resultant voltage is fed to 1J403 where 
it is available for synchronizing the 
trace of an external oscilloscope. 

The 6C4 oscillators radiate some of 
their energy into the 6J6 oscillator 
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Figure 11.6H. Elementary Diagram, Sweep Generator, Type TT-10-A Television Transmitter. 
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compartment where it beats with the 
sweep oscillator frequency at 0.75 me 
below and 4 me above the visual car¬ 
rier which results in markers appear¬ 
ing at the band extremities. 
SCOPE INPUT switch, 1S401, al¬ 

lows the input to the oscilloscope to be 
switched to either of the two line termi¬ 
nations or to detectors which can be 
connected to the jacks 1J405 through 
1J408 located on the back of the sweep 
generator. 

Switch 1S402 permits monitoring the 
plate currents of the oscillator, the am¬ 
plifier, the marker oscillators and the 
screen current of the amplifier by the 
meter 1M401. 

1T401 is the filament transformer. 
B. Alignment 

The objective in aligning the 
sweep generator is to obtain a constant 
voltage at each of the terminations that 
is flat within 2 percent over the fre¬ 
quency range of the television channel 
used. The terminations are located in 
the various amplifier compartments and 
are capacity coupled to the plates of 
the amplifiers. Each termination con¬ 
sists of a 75 ohm resistor shunted by 
a germanium diode. The diodes rectify 
a part of the RF voltage delivered to 
the termination. The resultant DC volt¬ 
age is proportional to the RF voltage 
and will appear on the center conductor 
of the cable. It is taken off through 
the resistors 1R416 and 1R417 which 
provide RF isolation for the sweep 
voltage. 
To align the sweep connect a G-E 

Type ST-2A oscilloscope or equivalent 
to the SCOPE OUTPUT jack 1J408 and 
set the switch 1S401 to either of the 
output terminations. The plexiglass 
cover described later should be used 
with the scope. Connect the scope syn¬ 
chronizing input to SCOPE SYNC jack, 
1J403. Place the sweep generator in 
operation by throwing the MOTOR 
switch 1S403 to ON. Connect the 
SWEEP OUTPUT to the modulated 
stage terminations and put the trans¬ 
mitter OPERATE-SWEEP-SET MARK 
switch on SWEEP. With the sweep of 
the oscilloscope set for approximately 
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50 cycles a pattern of four traces can 
by synchronized, two of which are mir¬ 
ror images. Expand the horizontal 
sweep so that only one trace occupies 
most of the scope. When the sweep is 
properly aligned, this trace should be 
flat. Any stray pick-up synchronous 
with the AC power line frequency will 
pass through the trace at the slip fre¬ 
quency of the motor and be readily 
identified. 

Hold an absorption wavemeter (Gen¬ 
eral Radio Type 758A or equivalent) or 
a calibrated oscillator (Measurements 
Corporation Megacycle Meter Model 59 
or equivalent) near the output circuit 
1L403, 1L404. A nick or marker will 
show up on the trace whenever the 
sweep passes through the frequency to 
which the circuit is set. 

Turn the sweep generator marker os¬ 
cillators on by means of the MARKER 
SWITCH. With the aid of the absorp¬ 
tion wavemeter or calibrated oscillator, 
tune the oscillators by adjusting the 
capacitors 1C420 and 1C425 until one 
marker is 0.75 me below the visual car¬ 
rier and the other is 4.0 me above the 
visual carrier. Center the markers on 
the sweep by adjusting the oscillator, 
center frequency control 1C404. The 
trace should appear as in Fig. 11.61. 
Increasing the coupling between 

1L402, 1L403, and 1L404 separates the 
humps of the double-coupled circuit. 
Decreasing the coupling brings the 
humps together. Coupling adjustment 

Figure 1 1.6.1 Voltage on termination of properly 
aligned sweep generator. 
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can be accomplished by carefully bend¬ 
ing the coils 1L403 and 1L404 in a plane 
parallel to their windings. Small adjust¬ 
ment of the tuning capacitor 1C411 will 
raise and lower the humps (i.e., rock 
them up and down). An adjustment of 
1C413, 1C414 or 1C431 alone will sim¬ 
ilarly rock the humps. Increasing the 
ratio of 1C414 to the sum of 1C413 and 
1C431 decreases the loading and in¬ 
creases the amount of dip between the 
peaks. Conversely, decreasing the ratio 
decreases the amount of dip. The ratio 
can be decreased sufficiently to make 
the circuit single peaked. 
To move the bandpass in frequency 

without changing the trace shape, first 
raise the peak on the side of the trace 
toward which the bandpass is to be 
moved by adjustment of 1C411. Make 
the response flat again by small equal 
adjustments of 1C413 and 1C431. Re¬ 
peat this procedure until the desired 
movement is accomplished, then adjust 
1C413, 1C414 and 1C431 to obtain the 
proper dip. 

The bandpass illustrated in Fig. 11.61 
should be the same on both termina¬ 
tions. Balance between the terminations 
is secured by adjustment of 1C405 and 
1C406 and to a lesser degree by the 
ratio between 1C413 and 1C414. 
After the proper bandpass is ob¬ 

tained on the modulated stage termina¬ 
tions, connect the sweep generator to 
the succeeding stages. The bandpass 
should be substantially the same for 
each stage. 

C. Typical Meter Readings (1M401) 
Oscillator 20 ma 
Amplifier Screen 10 ma 
Amplifier Plate 60 ma 
Markers 10 ma 

3. VISUAL EXCITER (See Fig. 
11.6J) 

A. Description 
The visual exciter consists of a 

crystal oscillator 1V1, a phase modula¬ 
tor, 1V2, a tripler 1V3, and two dou¬ 
blers 1V4 and 1V5. Since the total 
multiplication is 12 the crystal fre¬ 
quencies are: 

Channel Crystal Frequency in me 
2 4.60417 
3 5.10417 
4 5.60417 
5 6.43750 
6 6.93750 

1Y1 is a temperature controlled crys¬ 
tal Thermocell* unit with a panel light 
111 labeled XTAL-HEATER to indi¬ 
cate cycling of the Thermocell* heater. 
ICI, FREQ ADUST control, permits a 
small adjustment of the oscillator fre¬ 
quency to bring it into exact agreement 
with the station monitor. 

The screen, control grid and cathode 
of 1V1 serve as a triode in a Colpitts 
Oscillator connection. The crystal acts 
as the tuned circuit. RF ground is es¬ 
tablished at the screen. Pulses of plate 
current at the crystal frequency flow 
in the plate load of the oscillator 1V1. 
The impedance presented to the funda¬ 
mental component of frequency of the 
pulses consists of a parallel combina¬ 
tion of the parallel resonant circuit 
1C7-1L3 and the anode circuit of 1V2. 

1V2 is a reactance tube arranged so 
that its anode effectively presents a 
capacitance across the tank circuit 1C7-
1L3. The magnitude of this capacitance 
is controlled by the DC grid voltage of 
1V2 which is excited from the visual 
modulator. 

With no voltage applied at 1V1 the 
tank, 1C7-1L3, is tuned to resonate as 
described under the Tuning section in 
the following paragraphs. Varying the 
voltage on the grid of 1V2 by a modulat¬ 
ing voltage fed through 1J1 changes the 
effective capacitance of the reactance 
tube and the phase angle of the impe¬ 
dance presented to the current generated 
by 1V1. Thus a phase-modulated voltage 
is developed across the tank 1L3-1C7. By 
introducing video voltage of the proper 
phase from the visual modulator through 
the jack 1J1, phase modulation of the 
video carrier opposite to that incidental 
to the amplitude modulation of the visual 
carrier in the modulated stage can be 

‘Registered U. S. Patent Office. 
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Figure 1 1.6J. Elementary Diagram, Visual Exciter, Type TT-10-A Television Transmitter. 
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obtained. Thus the net phase excursion 
of the visual carrier after modulation 
can be very small. 

The tank circuits 1C7-1L3, 1C12-1L4, 
1C16-1L5, 1C17-1L6, 1C23-1L.7, and 
1C24-1L10 are double-tuned circuits 
with less than critical coupling. 

1CR1 rectifies a small amount of the 
RF output for an indication on the tun¬ 
ing indicator meter 1M1. 1S1 is a ro¬ 
tary selector switch for selecting the 
grid voltages to be indicated by 1M1. 

The output of the exciter is induc¬ 
tively-coupled to the final plate tank 
and appears at the jack 1J2. 

R. Tuning. 
Ten to fifteen minutes after ener¬ 

gizing the 115-volt system the crystal 
heater will start cycling (intermittent 
lighting of the crystal heater lamp) 
indicating that the ThermocelP’ enve¬ 
lope is up to operating temperature. 
The temperature coefficient of the G-E 
crystal units is so low that in an emer¬ 
gency a cold crystal may be plugged in 
and still be within frequency tolerance. 
With the Transmitter OPERATE-

SWEEP-SET MARK switch on OP¬ 
ERATE, set the SELECTOR SWITCH, 
1S1, on position 1. A reading of 2 mi¬ 
croamperes indicates the oscillator sec¬ 
tion of 1V1 is functioning. 

Set the selector switch on 2 and maxi¬ 
mize tire meter reading by adjusting 
the OSC TUNING slugs marked 2. The 
reading should be 14 microamperes. 

Similarly tune the following stages. 
Note that the selector switch positions 
correspond to the numbers next to the 
slugs to be adjusted. 

C. Typical Metei' Readings 
Selector 

Switch Position Meter Reading 
1 2 microamperes 
2 14 microamperes 
3 30 microamperes 
4 46 microamperes 
5 6 microamperes 

4. MODULATED STAGE (See Fig. 
11.6K) 

* Registered U. S. Patent Office. 

The modulated stage consists of a 
GL-815 push-pull grid modulated RF 
amplifier. Carrier frequency power is 
applied push-pull to the grids from the 
visual exciter. The grid tank 1L201 is 
self-resonant at a frequency removed 
from the television channel under con¬ 
sideration in order to minimize the un¬ 
desirable effects of feedback through 
the tube on the flatness of the plate 
bandpass. Video modulating voltage in¬ 
cluding the DC component is fed to the 
grids in parallel through a center tap 
on the grid tank from the output of the 
visual modulator. Cross-neutralization 
is accomplished by adjustment of 1C 
223. See the Initial Operation section 
under OPERATION for neutraliza¬ 
tion procedure. Plate tuning is con¬ 
trolled by copper slugs in the coils IL 
202 and 1L203. For the tuning proce¬ 
dure, see the Visual Alignment Proce¬ 
dure section later. 

AMPLITUDE MODULATION 

5. RF DOUBLE-TUNED CIRCUITS 
(See Figs. 11.6K and 11.6L) 

All interstage circuits pass uniformly 
a band of frequencies from 0.75 me be¬ 
low the visual carrier to 4.0 me above 
the visual carrier. This is accomplished 
by means of overcoupled, double-tuned 
circuits. Each circuit is adjusted to give 
a bandpass of approximately 4.75 me 
with a 3 percent dip. Thus the over-all 
response of the five cascaded circuits of 
the amplifier have approximately 15 
percent dip. 

The basic theory of double-tuned net¬ 
works is presented in the preceding sec¬ 
tion, however, a few salient points will 
be reiterated here, as applied to the GE 
transmitter. The sketch of Fig. 11.6M 
(1) is a simplified diagram of a typical 
interstage network. 

For any fixed value of loading the 
width of the frequency hand increases 
as the mutual coupling, M, is increased. 
All of the interstage circuits are ar¬ 
ranged so that the coupling may be 
varied over a limited range. 

For any fixed value of coupling, in¬ 
creasing the loading (by decreasing the 
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Figure 11.6K. Modulator Stage, 1 st and 2nd Intermediate Power Amplifiers. 
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Figure 11.6L. 3rd 
Intermediate Power Amplifier, Power Amplifier and Transmission line coupling 

circuits. 
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Figure 11.6M. 

loading resistance Rog), decreases the 
dip. Loading is fixed on all stages ex¬ 
cept the 3RD IPA and the PA where it 
may be adjusted by a procedure to be 
described. 

The input resistance, R,,p, presented 
by the circuit is given by 

0.138 

where R,.„ = resistance in ohms 
Af = frequency band as illus¬ 

trated in (2) of Fig. 11.6M 
Cp = total capacity across pri¬ 

mary circuit (including 
output capacity of tube) 

The first four amplifiers are tetrodes 
operating in their constant current re¬ 
gion. The power amplifier is a grounded 
grid triode but the equivalent internal 
resistant is less than the load resistance 
as calculated above. Therefore, every 
effort is made to maximize the resist¬ 
ance presented by the primary circuit. 
This is accomplished by minimizing the 
primary capacitance by the use of cop¬ 
per slug tuning instead of variable ca¬ 
pacities. 
The resistance, R. required for 

proper bandpass is given by 
0.092 

Rgg =-
AfC<; 

where R, ;G = grid to grid resistance in 
ohms 

Af = frequency band as defined 
previously 

Cg = total capacity across sec¬ 
ondary circuit (including 
input capacity of tube) 

Thus again, it would appear that it 
would be desirable to maximize this re¬ 
sistance so that the power generated 
by the driving tubes would be dissi¬ 
pated in a high resistance and result 
in the highest grid to grid voltage on 
the driven tube. However, it has been 
found that effects, such as cathode lead 
inductance, present an effective grid to 
grid resistance comparable to that cal¬ 
culated from the formula. Since the 
equivalent resistance presented by these 
stray effects varies with frequency, it 
has been shunted with an actual re¬ 
sistance of such a value as to make the 
resulting total load resistance reason¬ 
ably uniform over the band desired. 
This total resistance is considerably 
less than would be calculated from the 
formula with the least possible value 
of capacity across the grid circuit. Thus 
the capacity across the secondary can 
be increased by adding the capacity of 
a conventional tuning capacitor. 

The physical loading resistances of 
all stages except the grid of the PA 
and the output circuit are fixed in value 
at the factory to give the proper load¬ 
ing. 

The input resistance of a push-pull 
grounded-grid Class B amplifier is ap¬ 
proximately four times the reciprocal 
of the tubes transconductance. This 
value is considerably less than that cal¬ 
culated from the formula. Similarly the 
effective radiation resistance of the an¬ 
tenna, as presented balanced to ground 
at the input terminals of the bazooka, 
is low. 

The sketch of Fig. 11.6N illustrates 
the method used to transform the actual 
low resistance R; to the desired higher 
resistance Rgg. The loading on the cir¬ 
cuit is dependent upon the ratio of Cx, 
+ Cx, to Cs while the tuning of the cir¬ 
cuit is determined by the equivalent ca-
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Figure 11.6N. Interstage RF coupling resistance. 

pacity equal to Cxi, Cxi and Cs in series. 
The capacitors are usually proportional 
so that Cxi and Cxi have the major ef¬ 
fect on frequency and Cs has the major 
effect on loading. 

6. 1ST IPA (Fig. 11.6K) 

The 1st IPA is a GI.-829B operating 
as a push-pull wide-band Class B linear 
radio frequency amplifier. Cross neu¬ 
tralization is accomplished by means 
of adjustment of 1C227. The grid cir¬ 
cuit is tuned by the capacitor 1C201 and 
the plate circuit by copper slugs. These 
adjustments are made in accordance 
with the Visual Alignment Procedure. 

7. 2ND IPA (Fig. 11.6K) 

The second IPA is a push-pull pair 
of GL-4D21’s operating as a wide-band 
Class B linear amplifier. Isolation be¬ 
tween input and output circuits is ob¬ 
tained by series tuning the screen in¬ 
ductance to ground with the capacitor 
1C242. For the method of making this 
adjustment see Initial Operation. The 
grid circuit is tuned by the capacitor 
1C229 and the plate circuit by copper 
slugs. The setting of these controls is 
as determined in the Visual Alignment 
Procedure section. 

8. 3RD IPA (Fig. 11.6L) 

The third IPA is a push-pull pair of 
4-1000A’s operating as a wide-band 
Class B linear amplifier. Isolation be¬ 
tween input and output circuits is ob¬ 
tained by series tuning the screen in¬ 
ductance to ground with the capacitor 
1C264. The grid circuit consists of a % 
wavelength line which is tuned and 
loaded at approximately the center of 
the half wave section by 1C220 1C251, 

1R224, and 1R255. The plate circuit is 
tuned by the special capacitor 1C281. 

9. PA (Fig. 11.6L) 

The PA is a push-pull pair of 3X 
2500A3’s operating as a wide-band 
grounded grid Class B amplifier. Cross 
neutralization is provided by the ca¬ 
pacitors 1C291, 1C292, 1C293, and 1C 
294. For the method of making this ad¬ 
justment see Initial Operation. The 
grid is tuned by the combination of ca¬ 
pacitors 1C274, 1C275, 1C295 and 1C 
296 as described under RF Double-Tuned 
Circuits. The plate circuit is tuned by 
the special capacitor 1C286. 

10. THE OUTPUT CIRCUIT (Fig. 
11.6L) 

The output circuit consists of the PA 
plate tank IL241-1C286; the output cir¬ 
cuit 1L242-1C288, 1C289 and 1C290; 
the lower sideband traps, 1C299-1L299 
and 1C297, 1C298, 1C259-1L298, the 
balun, the reflectometer, the peak RF 
sweep diode and the coupling loops for 
the demodulator and visual carrier fre¬ 
quency monitor. 

The balun transforms the substan¬ 
tially resistive single-ended 50-ohm im¬ 
pedance presented by the transmission 
line at the output of the Transmitter 
to the balanced 200-ohm impedance pre¬ 
sented to the output tank. It is pro¬ 
vided with an adjustable tuning plate. 

The plate tank and the output tank 
form a typical double-tuned circuit. The 
capacitors 1C288, 1C289, 1C290 form a 
dividing network for adjusting the 
loading presented by the balun to that 
required for the proper bandpass of the 
circuit. 1C299-1L299 is a narrow band 
absorption trap inductively coupled to 
the plate and output tanks. Its purpose 
is to put a notch in the bandpass at a 
frequency 1.25 me below the visual car¬ 
rier. The other absorption trap 1L298 
1C259 is shunted across the input of the 
balun, the degree of coupling being con 
trollable by the capacitors 1C297 and 
1C298. 
A sample of the RF voltage on the 

output transmission line is coupled to 
the diode 1V328 by the capacitor 1C364. 
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The time constant of 1C363 and 1R356, 
1R357 and the equivalent resistance of 
the meter 1M318 is long compared to 
the time interval between vertical sync 
pulses. Thus the reading on 1M318 
when switched in is proportional to the 
peak value of the synchronizing pulse 
independent of picture content. The 
meter is required by the FCC Stand¬ 
ards of Good Engineering Practice Con¬ 
cerning Television Broadcast Stations. 

1E301 is a reflectometer (M. C. Jones 
Electronics Co., Type MM414). With 
1S308 in the proper position the meter 
1M318 will read proportional to the volt¬ 
age in the forward traveling wave for 
one position of 1S311 and proportional 
to the voltage in the backward traveling 
wave for the other position of 1S311. 
Since the reflectometer reads propor¬ 
tional to the average power being trans¬ 
mitted the reading will vary with pic¬ 
ture content. The standing wave ratio 
is equal to the sum of the forward and 
reverse readings divided by their differ¬ 
ence. 

A sample of the RF voltage across 
the transmission line is coupled out by 
the condensei’ 1C355 and rectified by 
the crystal 1CR305. The resulting sig¬ 
nal is fed through the decoupling net¬ 
work 1R297, 1R296, 1R295 and 1C356 
to the scope output selector switch on 
the sweep generator. The relay 1K302, 
when closed, connects 1CR305 to 1C355 
for most sensitive operation. To protect 
the crystal from full transmission line 
voltage when running full power or 
when sweeping from the lower stages, 
relay 1K.302 is interlocked with the 
OPERATE-SWEEP-SET MARK 
switch and the SCREEN switch. 
1J316 and 1J317 provide RF power 

for the visual demodulator and the vis¬ 
ual frequency monitor. 

11. VISUAL RECTIFIER CIRCUITS 

A. High Voltage Rectifier 
The visual high-voltage rectifier 

consists of six GL-8008 tubes in a three-
phase full-wave rectifier. Approxi¬ 
mately 3.5 amperes at 2350 volts is sup¬ 
plied. In addition, one ampere at 1000 

volts is supplied from the neutral of 
the plate transformer. This causes 
three of the six rectifier tubes to func¬ 
tion as a three-phase single-wave recti¬ 
fier. To avoid DC saturation of the 
transformer core, the zig-zag connec¬ 
tion is used. Quick-acting AC overload 
protection in the primary of the trans¬ 
former is furnished by a magnetic-trip 
visual HV breaker. A door-actuated 
switch shorts the secondary terminals 
of the high-voltage transformer and 
grounds both of the DC output termi¬ 
nals of the rectifier. Quick acting DC 
overload protection is provided by an 
overload relay. The filter for each sec¬ 
tion of the rectifier is located in the Vis¬ 
ual cubicle. A single L section is used 
in both cases. Resistors limit the charg¬ 
ing current of the capacitor banks on 
the start, and after a short time delay, 
are shunted by contacts on a step-start 
relay. 

B. Screen Regulators 
The primary purpose of the screen 

regulators is to maintain a constant DC 
screen voltage on the various RF am¬ 
plifiers. In addition the screen regula¬ 
tors for the 2nd and 3rd IPA screens 
raise the screen voltage during the 
vertical pedestal interval to compensate 
for small amounts of regulation in the 
bias and plate supplies. 

Fig. 11.60 shows a simplified ele¬ 
mentary diagram of the 3rd IPA screen 
regulator. The voltage from the cathode 
of 1V313 to ground is the regulated 
voltage which is applied to the screens 
of the 3rd IPA. Any variation in this 
voltage are sampled by the network 
1R346-1R347-1R348, etc., and coupled 
to the grid of one section of 1V314. The 
cathode of this section of 1V314 has its 
voltage-to-ground held constant by IV 
315 and 1V316. Therefore, voltages ap¬ 
plied to the grid of 1V314 result in a 
net change of grid-to-cathode voltage of 
1V314 of the same magnitude and sign. 
Assume the variation in the screen 
regulator output voltage to be an in¬ 
crease. This results in a less negative 
grid-to-cathode voltage and more plate 
current in 1V314. The increase in plate 
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Figure 11.60. Simplified Elementary Diagram, 3rd IPA Screen Regulator, Type TT-10-A Television 
Transmitter. 

current increases the voltage drop 
across 1R349. A portion of the voltage 
is sampled by the network 1R350-1R351 
which results in a more negative grid-
to-cathode voltage in 1V313. This in¬ 
creases the voltage drop across 1V313 
and results in less voltage from cathode-
to-ground which is in opposition to the 
initiating effect and hence achieves sta¬ 
bilization. 

In addition to the above stabilization 
of the screen supply against variation 
in voltage with changes in load, it is 
necessary to compensate for the regu¬ 
lation of some plate and bias supplies 

whose voltage varies during the verti¬ 
cal blanking interval. This is accom¬ 
plished by sampling the sum of the 
cathode currents of the PA, 3rd IPA, 
and 2nd IPA stages by the resistor 
1R318. The current has roughly the 
form of the video with increasing cur¬ 
rent corresponding to blacker picture. 
The pulse of current which flows dur¬ 
ing the vertical blanking period creates a 
voltage negative with respect to ground 
across 1R318. This pulse voltage is par¬ 
tially integrated to sawtooth shape by 
the capacitor 1C317. A part of the re¬ 
sulting negative voltage is applied to 
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Figure 11.6P. Visual Low-Voltage Supply, Modulator Low-Voltage Supply and Visual Bias Supply. 

the grid of 1V314 and by an analysis 
similar to the one above will result in 
a raising of the regulated screen volt¬ 
age. Thus during the vertical blanking 
interval the gain of the RF amplifier 
is increased to overcome the regulation 
of its plate and bias supplies. 

The screen voltage on the 1st IPA is 
used to control the gain of the ampli¬ 
fier to compensate for changes in out¬ 
put to line voltage variations, changing 
loading, etc. This adjustment is ob¬ 
tained by changing the grid voltage on 
1V327 by the VISUAL PEAK POWER 
control panel. This varies the effective 
resistance of 1V327 and hence, the 
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screen voltage on the 1st IPA. In addi¬ 
tion considerable stabilization is 
achieved by the cathode-follower action 
of 1V327. Assume that in drawing cur¬ 
rent, the voltage on the screen of the 
1st IPA falls. This makes the grid-to-
cathode voltage of 1V327 less negative 
and reduces its internal impedance 
which reduces the voltage drop across 
1V327 and increases the voltage on the 
screen of the 1st IPA. This is opposite 
to the initiating voltage thus achieving 
stabilization. 

The screen voltage on the modulated 
stage is stabilized by voltage regulator 
tubes. 
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C. Visual Low-Voltage Supply (Fig. 
11.6P) 

The visual low-voltage supply 
furnishes 400 volts for the 1st IPA 
plate and regulated 300-volts for the 
MODULATED stage, exciter and 
sweep generator. It consists of two GL-
866A rectifiers, in a single-phase full¬ 
wave circuit. 1V323 and 1V324 are se¬ 
ries regulators, 1V322 is the amplifier 
tube, 1V321 is the voltage reference 
tube. These comprise the regulating 
section. 
D. Modulator Low-Voltage Supply 

(Fig. 11.6P) 
The visual modulator positive supply 

consists of a 5R4GY rectifier connected 
in full wave with a two-stage choke¬ 
input filter. The output is positive 300 
volts at 0.25 amperes. A portion of the 
output of this supply when fed through 
the OPERATE-SWEEP-SET MARK 
switch is supplied to the 175-volt regu¬ 
lated supply which also feeds the modu¬ 
lator. 1V318 is the series regulator. 
1V319 is the voltage amplifier. 1V320 
is the voltage reference for this regu¬ 
lated power supply. 

E. Visual Modulator Negative Regu¬ 
lated Supply (See Fig. 11.6Q) 

The visual modulator negative 
regulated supply furnishes a regulated 
negative 300 volts for the modulator. 
It consists of a 5R4GY, in a single¬ 
phase full-wave circuit. 1V308 is the 
series regulator. 1V307 is the voltage 
amplifier. 1V306 is the voltage refer¬ 
ence for the regulating section. In ad¬ 
dition, 1V306 stabilizes the output of 
a selenium rectifier on the same plate 
transformer as the main rectifier. The 
additional voltage is added to the —300 
volts to provide a —405 volt output for 
the modulator. 

F. Visual Bias Supply (Fig. 11.6P) 
The visual bias supply consists 

of three GL-866A’s, in a three-phase 
single-wave connection. The output of 
this rectifier is impressed across a 
tapped bleeder resistor which supplies 
the bias voltages for the various stages. 

1 >ue to space limitation the details of 
the Aural Transmitter portion of the 
TT-10-A are omitted here. The reader 
unfamiliar with the principles of phase 
and frequency modulation should obtain 
textbooks on that subject and study 
them implicitly. 

TUBE INSTALLATION 

All tubes with the exception of those 
noted below are installed in the stand¬ 
ard manner. Each tube socket will bear 
the type number of the proper tube. 
Make sure the plate connectors of the 
GL-8008 tubes in the visual rectifier- are 
tight and are pushed down sufficiently 
to make contact with the entire area of 
the tube cap. 

The GL-4D21 tubes used in the 2nd 
IPA of both the Aural ard Visual Trans¬ 
mitters should be installed in the fol¬ 
lowing manner: 

A. Insert tube in its socket making-
sure the base of the tube passes inside. 
of the base clips. 

B. Place the glass chimney over the 
tube making sure the base passes over 
the base clips. 

C. Install the plate connector and 
tighten the set screw making certain 
that the connector has maximum en¬ 
gagement with the plate cap. 

The 4-1000-A tubes in the PA section 
of the Aural and the 3rd IPA section 
of the Visual Transmitter are installed 
the same way as the GL-4D21 tubes. 

The 3X2500A3 tubes used in the PA 
of the Visual Transmitter should be 
installed by grasping the tube by its 
anode and inserting it, filament con¬ 
nectors down, into the socket. Make 
sure the inner rod of the concentric 
filament connector or. the tube mates 
with its socket on the transmitter fila¬ 
ment assembly. After the tube is prop¬ 
erly engaged by its socket, force it home 
by pressing down and rotating the tube. 

The tube may be easily removed by 
clamping the tube puller around its 
anode and lifting while rotating the 
tube. 
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Figure 11.6Q. 
Elementary Diagram, Visual Modulator negative regulated supply, Type TT-10A 

Television Transmitter. 
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OPERATION 

1- INITIAI. OPERATION 

A. Preparation for Use 
(1) Wire check all interconnect¬ 

ing cabling. 
(2) Inspect installation for clean¬ 

liness. 
(3) Check both of the blower 

motor bearings for oil level at the lower 
oil cup. Add SAE No. 30 oil to the top 
port if necessary. Check the blower belt 
for proper tension. Check the blower 
bearings through plugs in the top of 
the bearing for % to là grease level. 
If the level is not correct add grease 
as specified. 

(4) Check power- source as 197 to 
242 volts 3 phase 60 cycles AC. 

(5) Place all of the following 
transmitter breakers in the OFF posi¬ 
tion. 

a. VISUAL HV 
b. REG LINE 
c. AURAL HV 
d. VISUAL 

(1) FILAMENT 
(2) BIAS 
(3) LOW VOLTAGE 
(4) Modulator Low Volt¬ 

age ( MOI) LV) 
(5) Modulator Regulated 

Supply (MOD REG) 
e. CONTROL 
f. BLOWER 
g. AURAL 

(1) PA SCREEN 
(2) LOW VOLTAGE 
(3) BIAS 
(4) FILAMENT 

h. Rotate the INPUT LINE 
VOLTAGE and the REG LINE VOLT¬ 
AGE meter switches to the OFF posi¬ 
tion. 

i. Turn the AUTO RECLO¬ 
SURE switch to the OFF position. 

(6) Close external disconnect 
switch energizing power input to the 
transmitter. 

(7) Check input voltage to the 
tolerances given above with the INPUT 
LINE VOLTMETER. Phases should 
balance within ±2%. 

(8) Close REG LINE switch. The 
REG LINE VOLTMETER should in¬ 
dicate. Adjust REG LINE VOLTAGE 
control until the average of phase volt¬ 
ages as read by the voltmeter is 230 
volts. 

(9) Close CONTROL breaker. 
RECLOSURE SW supervisory light 
should illuminate indicating OFF posi¬ 
tion of AUTO RECLOSURE switch. 
Green TRANS START button should 
illuminate. 

(10) Press TRANS START but¬ 
ton. AIR supervisory light should come 
on indicating no air flow. 

(11) Close BLOWER switch. 
Blower motor should come up to speed 
and AIR supervisory light should ex¬ 
tinguish indicating establishment of air 
flow. If supervisory light does not ex¬ 
tinguish : 

a. Phase rotation may be 
causing blower to rotate backward. If 
so, shut down and interchange two of 
the transmitter input power leads or 
two of the leads to the blower terminal 
board 2TB10. 

b. Belts between blower mo¬ 
tor and b dwer may be improperly in¬ 
stalled. 

c. Air Flow Interlock may be 
defective. 

B. Visual Transmitter 
(1) On the Visual cubicle rotate 

the SCREEN switch to OFF, OPER¬ 
ATE SWEEP-SET MARK switch to 
SWEEP, and TEST-CLAMP switch to 
TEST. 

(2) Close VISUAL FILAMENT 
switch. All filaments in the Visual and 
Rectifier cubicles should come on. After 
approximately 30 seconds VISUAL 
PLATE green ON button will light in¬ 
dicating that the visual filament time¬ 
delay relay has timed out. Also, the 
visual BIAS supervisory light should 
illuminate. An additional 15 minutes of 
filament heating time should be allowed 
for the newly installed mercury vapor 
rectifiers. In subsequent operations this 
will not be necessary. 

(3) Turn on the VISUAL BIAS 
switch. The visual BIAS supervisory 
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light should extinguish. Check the bias 
voltages by the bias voltmeter on the 
upper right panel of the Visual cubicle. 
Correct readings are: 

PA 
3rd IPA 
2nd IPA 
1st IPA 

Deviations of ±5% 

80 volts 
55 volts 
45 volts 
15 volts 

are permissible. 
(4) Turn on the VISUAL MOD 

REG switch. Rotate 1S309, located on 
the bottom right panel of the Visual 
cubicle, to the —300 REG position and 
adjust the VOLT ADJ control, R312, 
located on the bottom left panel of the 
Visual cubicle, until the meter, 1M319, 
located on the upper right panel of the 
Visual cubicle, reads 300. Rotate 1S309 
to the —405 regulator position and read 
—405 volts ±5% on 1M319. Set the DC 
INSERTION level at —35 volts by 
means of the WHITE CLIPPER con¬ 
trol on the visual modulator. 

(5) Turn on the MOD LV switch. 
With 1S309 rotated to the +300 volt 
position, the meter reading should be 
300 volts ±10%. 

(6) Turn on the VISUAL LOW 
VOLTAGE switch. Rotate 1S309 to the 
+400 positron. The reading should be 
400 volts ±10%. Rotate 1S309 to the 
+300 REG position and adjust the 
+300 VOLT ADJ control, located di¬ 
rectly below the switch, until the volt¬ 
meter reads 300 volts. The current car¬ 
ried by the various sections of the se¬ 
ries regulator for the 300-volt regulated 
supply is indicated by switch positions 
on 1S309 labeled 1V23-2, 1V23-5, IV 
24-2, and 1V25-5. These currents should 
balance within 25 percent and be ap¬ 
proximately 30 ma. 

(7) Align the sweep generator as 
described in THEORY AND CIRCUIT 
ANALYSIS-VISUAL TRANSMIT¬ 
TER, Sweep Generator section, pre¬ 
sented earlier. 

(8) Accurately set the markers 
of the sweep generator by the following 
procedure : 

a. Plug the output of the 
sweep generator into the modulated 
stage receptacles. 

b. Rotate the OPERATE-
SWEEP-SET MARK switch to the 
SET MARK position, and the SCREEN 
switch to the modulated stage position. 

CAUTION : Do not operate the 
Visual PLATE ON button at 
this time. 
c. Rotate 1S309 to the +175 

REG position and adjust the +175 
VOLT ADJ control, located directly 
above the switch, until the meter reads 
175 volts. 

d. Adjust the modulated stage 
plate current to approximately 20 ma 
by means of the TEST BIAS control 
on the visual modulator. 

e. Rotate the SCOPE INPUT 
switch on the sweep generator to the 
TERMINATIONS 5 ar 6 position. The 
sweep pattern should be visible on the 
scope with markers and a “birdie” at 
the carrier frequency. 

f. Drive the input of the vis¬ 
ual modulator with a video signal gen¬ 
erator and observe the sidebands of the 
modulation on the scope. Set the gen¬ 
erator at 0.75 me and adjust the lower 
marker to coincidence with the lower 
sideband by adjusting capacitor 1C420. 
Set the generator at 4.0 me and adjust 
the upper marker to coincidence with 
the upper side-band by adjusting ca¬ 
pacitor 1C425. To facilitate tuning it is 

-1.25 -0.75 0 « 

FREQUENCY IN MEGACYCLES 
RELATIVE TO CARRIER 

Figure 11.6R. Plexiglass Caver Reference Graph 
for 5" scope. 
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recommended that you install on the 
scope the transparent cover graph, Fig. 
11.6R. By adjusting the horizontal gain 
and centering controls on the scope, the 
markers may be brought into coinci¬ 
dence with the marks on the cover cor¬ 
responding to the marker frequency. 

g. Return the OPERATE-
SWEEP-SET MARK switch to the 
SWEEP position and the SCREEN 
switch to the OFF position. 

(9) Visual Alignment Procedures 
and Neutralization. (Steps a through 
t include alignment and neutralization. 
Step u covers alignment only assuming 
neutralization has been completed.) 

The alignment of the Transmitter is 
essentially that of adjusting the band¬ 
pass of a series of cascaded RF ampli¬ 
fiera. It is accomplished in much the 
same manner as the IF alignment of a 
receiver using the visual alignment 
technique. The procedure consists of 
viewing the radio frequency voltage vs. 
frequency wave as detected by a crystal 
on the output transmission line, as the 
successive amplifier stages are driven 
by a constant voltage and variable fre¬ 
quency by a sweep generator. The pro¬ 
cedure is as follows : 

a. Patch the SWEEP OUT¬ 
PUT into the PA receptacles. Rotate 
the switch on the sweep generator to 
the DETECTORS 4 position which con¬ 
nects the scope input to the crystal 
rectifier on the output transmission 
line. (Note that at this point, the Visual 
Transmitter' should be operating into a 
dummy load similar to G-E Type TX-
4-A.) Adjust the OUTPUT SERIES, 
OUTPUT SHUNT, and PA PLATE 
tuning controls as follows to give the 
bandpass shown on Fig. 11.6SÍ1). 

(1) Set the OUTPUT 
SHUNT control at maximum capacity 
and detune the OUTPUT SERIES ca¬ 
pacitor until it has no effect on the 
trace. Also detune TRAP No. 1 and 
TRAP No. 2 until they have no effect 
on the trace. 

(2) Tune PA PLATE un¬ 
til single-tuned response is obtained. 

(3) Tune OUTPUT SE¬ 
RIES control until double-tuned re¬ 
sponse curve is obtained. 

(4) If the curve is under¬ 
coupled, swing the output coil to mesh 
more with the PA tank coil. 

(5) Readjust the result¬ 
ing curve to that desired as follows: 

(a) Increasing cou¬ 
pling increases frequency spread be¬ 
tween humps and conversely, decreas¬ 
ing coupling decreases the frequency 
spread. 

(b) A small adjust¬ 
ment of the PA PLATE tuning will 
raise one hump and lower the other, 
that is, rock the curve. 

(c) An adjustment of 
the OUTPUT SHUNT or OUTPUT SE¬ 
RIES alone will similarly rock the 
curve. 

(d) For a fixed cou¬ 
pling, the ratio of the capacity in the 
OUTPUT SERIES capacitors to that in 
the OUTPUT SHUNT capacitor de¬ 
termines the dip in the center of the 
bandpass: The higher this ratio, the less 
the dip and, conversely, the lower the 
ratio the more the dip. 

(e) To move the band¬ 
pass in frequency, first raise the peak 
on that side of the trace toward which 
the bandpass is to be moved by means 
of the PA PLATE control. Make the 
trace flat again by an adjustment of the 
OUTPUT SERIES or OUTPUT SHUNT 
control. Adjust the ratio between OUT-

Figure 11.6S. (1) RF Sweep from P.A. plates. 
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PUT SHUNT and OUTPUT SERIES to 
give the desired dip. 

b. Tune TRAP No. 1 into 
the bandpass until the response, 1.25 
me, below the visual carrier, is below 
the 10% line on the scope. Some re¬ 
adjustment of OUTPUT SERIES, OUT¬ 
PUT SHUNT and PA PLATE might 
be necessary. 

c. Adjust the horizontal 
sweep on the scope until the region 
around 2 mes below the visual carrier 
comes into view. Tune TRAP No. 2 to 
a frequency slightly below TRAP No. 1. 
Readjust the scope. Readjust OUTPUT 
SERIES, OUTPUT SHUNT and PA 
PLATE until a bandpass similar to 
that in Fig. 11.6S(1) is obtained. If the 
correct loading cannot be obtained, re¬ 
move the cover from the balun. Inside 
is an adjustable capacitor plate; mov¬ 
ing it toward the output end will in¬ 
crease the loading and conversely, mov¬ 
ing it toward the input end will de¬ 
crease the loading. Replace the cover 
after the adjustment is made and prior 
to application of power. 

d. Patch SWEEP OUTPUT 
to 3RD IPA and minimize any result¬ 
ing pattern by adjustment of the PA 
NEUT control. 

e. Close the VISUAL HV 
switch. The SCREEN switch should be 
in the OFF position. Press the VISUAL 
PLATE green ON button. Observe the 
PA plate voltage and current, and 
cathode current. Change transformer 
primary connections to obtain approxi¬ 
mately 2350 volts PA plate voltage, 0.6 
amperes PA plate current, and 0.3 
amperes cathode current approximately. 

f. Adjust 3RD IPA PLATE 
and PA CATHODE SHUNT and SE¬ 
RIES the same way as outlined for the 
PA. circuit. Resulting bandpass should 
be similar to Fig. 11.6S(2). 

g. Press VISUAL PLATE red 
OFF button and readjust PA NEUT 
for minimum feed through indication. 
Patch sweep generator into PA recep¬ 
tacles and trim the final alignment. 

h. Patch sweep into 2ND 
IPA receptacles and turn on the VIS-

Figure 11.65. (2) RF Sweep from IPA plates. 

UAL PLATE. Minimize the resulting 
pattern by means of the 3RD IPA 
SCREEN adjustment. 

i. Patch sweep into 3RD IPA 
receptacles and readjust the tuning 
of this stage for proper bandpass. 

j. Patch sweep into 1ST IPA 
receptacle and rotate the SCREEN 
switch to 3RD IPA. Rotate SCREEN 
VOLTAGE switch to 3RD IPA and ad¬ 
just the SCREEN meter reading to 500 
volts by means of the 3RD IPA 
SCREEN control located on the middle 
left panel of the Visual cubicle. The 
3RD IPA CATHODE meters should 
read 0.25 amperes. Minimize resulting 
pattern as in h. by means of the 2ND 
IPA SCREEN adjustment. 

k. Patch sweep into 2ND 
IPA receptacles and adjust 2ND IPA 
PLATE and 3RD IPA GRID to give a 

Figure 1 1.6S. (3) RF Sweep from 2nd IPA plales. 
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bandpass as shown on Fig. 11.6S(3). 
Alignment principles for this stage are 
the same as for the other stages above 
except that there is no control of the 
loading. The loading is fixed by a 
swamping resistor selected at the fac¬ 
tory to give the propel- bandpass when 
the circuit is properly tuned. 

1. Rotate the SCREEN con¬ 
trol to the OFF position and check 3RD 
IPA SCREEN tuning. If significant re¬ 
adjustment is made, 3rd stage tuning 
should be retouched. 

m. Plug sweep into 1ST IPA 
receptacles and rotate the SCREEN 
switch to 2ND IPA. Rotate SCREEN 
VOLTAGE switch to 2ND IPA and ad¬ 
just SCREEN meter reading to 350 
volts by means of the 2ND IPA 
SCREEN voltage control located on the 
left center panel of the Visual cubicle. 
2ND IPA CATHODE currents should 
be approximately 0.15 amp. Adjust 1ST 
IPA PLATE and 2ND IPA GRID tun¬ 
ing to give the bandpass shown on Fig. 
11.6S(4). 

n. Rotate the SCREEN switch 
to 3RD IPA and minimize the resulting 
pattern by making a 2ND IPA SCREEN 
adjustment. Patch the sweep into 2ND 
IPA receptacles and trim the alignment 
of the 2nd IPA plate and the 3rd IPA 
grid. Patch the sweep back into the 
1ST IPA receptacles and rotate the 
SCREEN switch to 2ND IPA. Trim the 
alignment of the 1st IPA plate and 2nd 
IPA grid. 

Figure 1 1,6S. (4) RF Sweep from 1st IPA plates. 

Figure J1.ÔS. (5) RF Sweep from Modulated 
Stage Piafes. 

o. Patch the sweep into the 
MOD STAGE receptacles and minimize 
the resulting pattern by means of the 
1ST IPA NEUT control. 

p. Patch the sweep into 1ST 
IPA receptacles and recheck the adjust¬ 
ment of the 1st IPA plate and 2nd IPA 
grid tuning. 

q. Plug the sweep into the 
MOD STAGE receptacles. Turn the 
SCREEN switch to the 1ST IPA posi¬ 
ton and the SCREEN VOLTAGE 
switch to 1ST IPA position. The 1ST 
IPA plate meter should read approxi¬ 
mately 30 ma, when the VISUAL RF 
GAIN control on the Control Panel 
gives a 1ST IPA screen voltage of 190 
volts. Adjust the MOD STAGE plale 
and 1ST IPA GRID controls to give the 
bandpass shown on Fig. 1L6S(5). 

r. Press the VISUAL PLATE 
OFF (red) button and rotate the 
OPERATE-SWEEP-SET MARK switch 
to SET MARK. 

CAUTION. SCREEN switch 
must be on 1ST IPA. Do- not 
rotate it to MOD STAGE posi¬ 
tion. 

Press the VISUAL PLATE ON 
- green) button and minimize the car¬ 
rier pip by means of the MOD STAGE 
NEUT control. It is assumed that the 
exciter has already been tuned as out¬ 
lined in the THEORY AND CIRCUIT 
ANALYSIS section, otherwise no car¬ 
rier pip will appear. The carrier pip 
and the marker pip should line up 
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s. Return the OPERATE-
SWEEP-SET MARK switch to SWEEP. 
Press the VISUAL PLATE ON (green) 
button and recheck the tuning of the 
modulated stage plate and the 1st IPA 
grid. 

t. Rotate the SCREEN switch 
to the MOD position. Turning the 
screen voltage to the modulated stage 
on or off should make no visible change 
in the curve. This completes the visual 
alignment. 

u. The initial alignment as 
outlined is complicated by the necessity 
of neutralizing each stage and then re¬ 
tuning the circuits after the neutralizing 
adjustment. Once all stages have been 
properly neutralized rechecking should 
only be necessary at infrequent intervals. 
Assuming that the stages are properly 
neutralized, the tuning procedure be¬ 
comes very much simplified, as follows. 

(1) With the filaments on 
and the OPERATE-SWEEP-SET 
MARK switch in the SWEEP position, 
patch the sweep into the PA receptacles. 
Place the SCREEN switch in the OFF 
position and the scope switch on the 
sweep generator in the DETECTORS 
4 position. Be sure the VISUAL PLATE 
is off so that no plate voltage is on the 
PA. 

(2) Align the PA plate and 
output circuits including adjustments 
of the traps. 

(3) Patch the sweep into 
the 3RD IPA receptacles. Push the 
VISUAL PLATE ON button and ad¬ 
just the 3rd IPA plate and grid circuit 
as before. 

(4) Patch the sweep into 
the 2ND IPA receptacle. Rotate the 
SCREEN switch to 3RD IPA and ad¬ 
just the 2nd IPA plate and the 3rd 
IPA grid circuits as before. 

(5) Patch the sweep into 
the 1ST IPA receptacles. Rotate the 
SCREEN switch to 2ND IPA and ad¬ 
just the 1st IPA plate and the 2nd IPA 
grid circuits as before. 

(6) Patch the sweep into 
the MOD STAGE receptacles. Rotate 
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the SCREEN switch to the 1ST IPA 
and adjust the modulated stage plate 
and 1st IPA grid circuits as before. 

(7) Rotate the SCREEN 
switch to the MOD STAGE and repeat 
as above. 

(1(1) Preparation for Picture Trans¬ 
mission 

a. Turn off the VISUAL 
PLATE. 

b. On the Transmitter rotate 
the OPERATE-SWEEP-SET MARK 
switch to the OPERATE position. On 
the visual modulator set the TEST¬ 
CLAMP switch on CLAMP, and the 
SCREEN switch to 1ST IPA position. 

c. Supply a composite video 
signal to one of the video input jacks 
on the control panel. The signal should 
be at least 0.8 volts from blanking level 
to reference white with a sync height 
of at least 15 percent of the picture sig¬ 
nal. Depress the VISUAL MONITOR 
LI or L2 button depending upon which 
line is utilized and check the input sig¬ 
nal on the monitor as meeting the 
above requirements. 

d. Connect the input to the 
Transmitter by means of the VISUAL 
LINE key switch. Press the VISUAL 
MONITOR MI button and observe the 
transmitter input signal on the moni¬ 
tor. 

e. Press the VISUAL MONI¬ 
TOR MO selector button on the control 
panel and observe the modulator output 
on the monitor. Rotating the VISUAL 
FADE control to the extreme counter¬ 
clockwise position removes the picture 
portion of the video signal leaving the 
sync. Leave the VISUAL FADE con¬ 
trol full ccw. 

f. Remove 1V58 (a Type 6X4) 
white clipper tube from the visual 
modulator. Adjust the WHITE CLIP¬ 
PER control on the modulator so that 
the DC INSERTION meter on the 
transmitter indicates 35 volts. Replace 
1V58 in the visual modulator. 

g. Adjust modulator DC OUT¬ 
PUT control until the DC INSERTION 
meter reads 20 volts. 



Television Transmitter Circuits 

h. Rotate the SCREEN 
switch to MOD position. The modulated 
stage plate current should be 40 ma. 

i. Adjust the visual exciter 
output by means of the OUTPUT AD¬ 
JUST control on the Visual exciter until 
the required power is indicated by the 
dummy load. The required average 
power can be calculated as follows: 

Licensed Effective 
Transmitter Peak Radiated Power 
Output Power =-

Required Transmission Line 
Efficiency X 

Antenna Gain 

Transmitter Peak 
Output Power 

Transmitter Required 
Average Power — -

Required 1.68 

The following is a set of typical meter 
readings for a 3-KW output: 
PA PLATE VOLTAGE — 2300 volts 
PA GRID CURRENT — 125 ma 
PA PLATE CURRENT — 2.6 amperes 
PA CATHODE REAR — 1.35 amperes 
PA CA THODE FRONT— 1.35 amperes 
3RDIPA CATHODE 
REAR — 0.36 amperes 

3RDIPACATHODE 
FRONT 

3RD IPA GRID 
2NDIPA CATHODE 
FRONT 

2ND IPA CATHODE 
REAR 

2ND IPA GRID 
1ST IPA PLATE 
1ST IPA GRID 
MOD STAGE PLATE 
DC INSERTION 

— 0.36 amperes 
— 12 ma 

— 70 ma 

— 70 ma 
— 0 
— 60 ma 
— 0 
— 30 ma 
— 20 volts 

j. Depress VISUAL MONI¬ 
TOR MON button and observe the out¬ 
put of the demodulator on the calibra¬ 
tion monitor. Adjust the SYNC control 
on the control panel until the sync 
height shows on the monitor as 25 per¬ 
cent of the distance from zero carrier 
marker to sync peak. 

k. With the Transmitter oper¬ 
ating as in j, switch 1S308 located on 
the upper right panel of the Visual 
cubicle to the up position and take the 

reading of the RF OUTPUT PEAK 
meter. Note also the visual PA plate 
voltage and current. These values are 
required in Operating Power-Determi¬ 
nation and Maintenance of the FCC 
Standards of Good Engineering Prac¬ 
tice Concerning Television Broadcast 
Stations. By switching 1S308 to the 
down position, the RF output meter is 
connected to the reflectometer. The 
meter reads proportional to the voltage 
of the forward traveling wave when 
1S310, located next to 1S308, is in the 
down position and proportional to the 
voltage of the backward traveling wave 
when 1S310 is in the up position. The 
power delivered to the load is equal to 
the difference between the forward and 
reverse powers. If the SWR of the load 
is so low that a good calibration of the 
reverse voltage cannot be obtained, re¬ 
verse the ends of the unit and calibrate 
the reverse voltage as forward power. 
Be certain to return the unit to its 
original position. 

1. Rotate the VISUAL FADE 
control to the extreme clockwise posi¬ 
tion and note the reappearance of video 
on the calibration monitor. Adjust the 
VISUAL PGM control for desired depth 
of modulation. Adjust the WHITE 
( LIPPER control on the modulator so 
that increasing video level does not 
cause modulation depths exceeding 10 
percent. This may necessitate readjust¬ 
ment of steps g through j. The Trans¬ 
mitter should now be working properly 
into the dummy load. 

m. Connect the Transmitter 
to the antenna and repeat the short 
visual alignment procedure (item u 
under 9, visual alignment procedures 
and neutralization). Repeat steps a 
through j of the Preparation for Pic¬ 
ture Transmission. With the Transmit¬ 
ter sending a black picture with 25 per¬ 
cent sync, adjust the PEAK POWER 
control until the RF OUTPUT meter 
when connected as a peak voltmeter 
(1S308 up) reads the same as under k 
above. The values of the visual PA plate 
voltage and current should substan¬ 
tially agree with those determined 
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under j as required by the FCC stand¬ 
ard of Good Engineering Practice. As 
an additional check on performance, the 
RF output meter may be switched to 
the reflectometer position and the dif¬ 
ference between the forward and re¬ 
verse powers (radiated power) com¬ 
pared with that obtained into the 
dummy load. 

n. Rotating the VISUAL 
FADE control to the extreme clockwise 
position will restore the video portion 
of the picture. The Transmitter is now 
ready for picture programming. 

C. Aural Transmitter 
(1) Rotate the PA SCREEN volt¬ 

age control to minimum and the PLATE 
TRANSFORMER switch to the WYE 
position. The Transmitter should be 
working into the antenna. 

(2) Close the AURAL FILA¬ 
MENT switch and check to see that the 
filaments light. After 30 seconds the 
AURAL PLATE green ON button 
should illuminate indicating the fila¬ 
ment time-delay relay has timed out. 
It is necessary to have the visual 
OPERATE-SWEEP-SET MARK switch 
in the OPERATE position otherwise the 
sweep interlock relay, 2K21, prevents 
application of aural power when the 
visual unit is in the SWEEP or SET¬ 
MARK position. This avoids the possi¬ 
bility of aural RF power burning out 
the visual transmission line crystal 
diode. The aural BIAS supervisory light 
should be illuminated indicating lack of 
bias voltage. 

(3) Close the aural BIAS 
switch. The aural BIAS supervisory 
light should extinguish indicating the 
establishment of bias voltage. 

(4) Close the aural LOW-VOLT¬ 
AGE switch. Adjust 2E26, PLATE 
TUNING control, on the aural modu¬ 
lator until 2E26 cathode current is 
minimized at approximately 25 ma. It 
is assumed that the aural modulator 
has been aligned. 

(5) Adjust 1ST I PA GRID tuning 
to maximize 1st IPA grid current. Care¬ 
fully bend the coupling loop terminat¬ 
ing the line between the aural modu¬ 

lator and the 1st IPA grid to engage 
or disengage more of the grid coil de¬ 
pending upon whether more or less ex¬ 
citation is desired. Normal 1st IPA grid 
current is approximately 3 ma. 

(G) Adjust 1ST IPA PLATE tun¬ 
ing to resonance as indicated by mini¬ 
mum 1st IPA plate current. 

(7) Adjust 2ND IPA GRID TUN¬ 
ING for maximum indication. 

(8) Adjust 1ST IPA COUPLING 
for approximately 20 ma of 2nd IPA 
grid current. 

(9) Check neutralization of 1st 
IPA. Correct neutralization is deter¬ 
mined by tuning the 1st IPA plate cir¬ 
cuit through resonance while observing 
that the grid current reaches a maxi¬ 
mum simultaneously with a plate cur¬ 
rent minimum. The two neutralizing 
capacitors, 3C129 and 3C130, consist of 
split knurled nuts on threaded studs in 
close proximity to the plates of 3V101. 
The capacitance can be varied by turn¬ 
ing the nuts on the threaded stud which 
changes the spacing of the tube plates. 
The adjustment is locked by turning the 
two halves of the split nut against each 
other. 

(10) Turn the 2ND IPA COU¬ 
PLING to a minimum value. Obtain 
approximate neutralization of the 2nd 
IPA by adjusting the 2ND IPA 
SCREEN ADJ (adjustment) control 
through small increments until a point 
is found where there is minimum re¬ 
action on the grid circuit (as indicated 
by a change in grid current) as the 
plate circuit is tuned through reso¬ 
nance. It will be necessary to retune the 
grid circuit as the screen adjustment 
control is varied to keep it in resonance. 

(11) Remove the external wire 
from 3E22 on the PA compartment. Do 
not ground this wire. This removes plate 
voltage from the PA. 

CAUTION: Be sure the PA 
SCREEN switch is in the OFF 
position. Also rotate the reflec¬ 
tometer amplifier sensitivity 
control, 3R148, in the maxi¬ 
mum counterclockwise direc¬ 
tion. 
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(12) Turn on AURAL HV switch. 
Press AURAL PLATE green ON but¬ 
ton. Plate voltage should be approxi¬ 
mately 2.0 kv. Tune the 2ND IPA grid 
for maximum grid current and the plate 
for minimum plate current. Neutraliza¬ 
tion must now be adjusted so that the 
maximum grid current occurs simul¬ 
taneously with minimum plate current 
as the plate circuit is tuned through 
resonance. 

(13) Adjust PA GRID TUNING 
for maximum PA GRID CURRENT 
which is approximately 50 ma, with the 
2ND IPA COUPLING control. 

(14) Obtain approximate neutral¬ 
ization of the PA by adjusting the PA 
SCREEN ADJ control through small 
increments until a point is found where 
there is minimum reaction on the grid 
circuit (as indicated by a change in grid 
current) as the plate circuit is tuned 
through resonance. The grid circuit may 
have to be retuned as the SCREEN 
ADJ control is varied to keep it in reso¬ 
nance. Since the reaction of the plate 
circuit on the grid current will be quite 
violent when the screen adjustment con¬ 
trol is improperly adjusted, it will be 
found easier to obtain the correct ad¬ 
justment if the OUTPUT COUPLING 
control is first set for rather close cou¬ 
pling until the approximate neutraliz¬ 
ing point is found. The sensitivity of 
indication may then be increased by re¬ 
ducing the output coupling. This should 
be continued until the point is found 
where there is minimum reaction on the 
grid circuits as the plate circuit is tuned 
through resonance with the OUTPUT 
COUPLING at minimum. 

(15) Push the AURAL PLATE 
red OFF button and reconnect the wire 
to 3E22, restoring plate voltage to the 
PA. Return the OUTPUT COUPLING 
control to a position of fairly close cou¬ 
pling. 

(16) Turn on the AURAL PLATE 
rectifier. Close the aural PA SCREEN 
switch. Rotate the PA SCREEN VOLT¬ 
AGE control clockwise until approxi¬ 
mately 0.5 amp of PA plate current 
flows. Tune the PA to resonance as indi¬ 

cated by minimum current on the PA 
PLATE CURRENT meter. PA neutral¬ 
ization should now be rechecked. The 
2nd IPA correct neutralization point is 
obtained when the grid current reaches 
a maximum simultaneous with a plate 
current minimum. 

(17) At this time the tuning of all 
three stages should be checked. The 
output coupling should be such that, 
with PA plate circuit in resonance, the 
PA plate current is approximately 0.5 
amperes with the grid current at 50 
milliamperes and a PA screen voltage 
of 200 volts. The output circuit series 
tuning capacitor is not critical in ad¬ 
justment, but should be set to obtain 
the greatest PA loading for a given 
position of the coupling coil. The posi¬ 
tion will vary for different transmis¬ 
sion line VSWR, but in general will be 
about one-half of maximum capacitance 
at channel No. 2 and one-fifth of maxi¬ 
mum capacitance at channel No. 6. 

(18) Press red AURAL PLATE 
OFF button. Rotate the PLATE 
TRANSFORMER switch to DELTA 
position and press the green AURAL 
PLATE ON button to reapply plate 
voltage. Quickly check the tuning of 
the PA plate circuit. The OUTPUT 
COUPLING control should be read¬ 
justed, if necessary, to give a PA plate 
current reading of approximately 0.9 
amperes when the PA screen voltage 
is 380-400 volts and the PA grid cur¬ 
rent is 70 ma. Under this condition the 
PA screen current should be within the 
range of 150-200 ma depending to some 
extent upon the PA loading. The PA 
screen current is at maximum when the 
PA plate circuit is tuned to resonance. 
It is a sensitive indicator of plate cir¬ 
cuit tuning. 

(19) It will be found that appli¬ 
cation of full plate voltage may change 
the neutralization adjustments of the 
2nd IPA and PA slightly. Also, since 
neutralization is more critical at the 
higher voltage, it should be checked 
carefully on both stages. Care must be 
taken to move the screen adjustment 
controls by very small increments while 
making these adjustments. 
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(20) Depending upon the particu¬ 
lar value of the power supply voltage, 
the taps should be changed on the aural 
high-voltage transformer, 3T24, to give 
a DC plate voltage as near as possible 
to 4000 volts. Adjust the interstage cou¬ 
plings, output coupling, and PA screen 
voltage to obtain, as 
the following typical 
tions: 

1ST IPA GRID 
current 

1ST IPA PLATE 
current 

2ND IPA GRID 
current 

2ND IPA CATHODE 
current 

PA GRID CURRENT 
PA SCREEN voltage 
PA SCREEN current 
PA PLATE current 
PA PLATE voltage 
RF OUTPUT 

near as possible, 
operating condi-

— 3.0 ma 

— 55-05 ma 

— 16-20 ma 

— 110-130 ma 
— 70 ma 
— 380-420 volts 
— 175-200 ma 
— 1.0 ampere 
— 4000 volts 
— 2500 watts 

The two cathode currents of the PA 
and 2nd IPA can be balanced within 
considerable limits by means of the con¬ 
trols on the front panel. 

When operating properly the PA tube 
anodes will show a dull red color. The 
2nd IPA plates normally show only a 
very dull red color indicating relatively 
low plate dissipation. 

(21) The exact PA operating con¬ 
ditions should finally be determined as 
follows: 

Licensed Effective 
Transmitter Radiated Power 
Output Power =---

Required Transmission line 
efficiency X antenna 

power gain 
Transmitter output 
Power Required 

PA Plate Current = 
PA plate voltage X 
PA plate efficiency 

The PA plate efficiency factor is 0.66 
for 2.5 kw. 

(22) With the Aural Transmitter 
operating at the required power output, 
place the reflectometer switch, 3S8 in 
the up position. Adjust the reflec¬ 
tometer potentiometer, 3R147, until the 
RF OUTPUT meter reading is 100. This 

meter reading can then be used as a 
relative power output indication. Dis¬ 
crepancies of the meter reading from 
this original setting of 100 will indicate 
a change in RF output power. 

(23) To determine the VSWR of 
the aural output transmission line, first 
read the RF OUTPUT meter with the 
reflectometer switch 3S8 in the up posi¬ 
tion (indicating forward power) and 
then read it with 3S8 in the down posi¬ 
tion (indicating reverse power). The 
VSWR is equal to the sum of the two 
readings divided by the difference be¬ 
tween the two readings. 

(24) With 3S8 in the up position 
and the Aural Transmitter operating, 
slowly rotate the reflectometer ampli¬ 
fier sensitivity control, 3R148 in the 
clockwise direction. The meter, 3M 117, 
reading the indicating coil current of 
the reflectometer relay, 3K12, will in¬ 
crease as this control is rotated. 3M117 
should read approximately 3.5 ma when 
3K12 operates shutting off the plate 
power. The ANTENNA supervisory 
light should illuminate indicating an an¬ 
tenna fault. Turn 3R148 counterclock¬ 
wise and reapply plate voltage. Adjust 
3R148 until the 3K12 coil current is 
approximately 1 milliampere less than 
the value required to operate relay 
3K12. A. small increase of transmission 
line VSWR will now actuate the an¬ 
tenna protective circuits. 

2. ROUTINE OPERATION 

During routine operation, it is in¬ 
tended that all power switches on the 
cubicle be left in the ON position. Power 
should be removed from the cubicles 
during the time the station is shut down 
by means of an external disconnect 
switch. The following procedure should 
be employed during start-up. 

A. Starting Procedure 
(1) Close the external disconnect 

energizing the cubicles. 
(2) Press the green illuminated 

TRANS START button. 
(3) After 30 seconds AURAL 

PLATE and VISUAL PLATE green 
ON buttons will illuminate indicating 
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their respective rectifiers are ready for 
operation. 

(4) Turn on the visual rectifier. 
With a composite picture feeding 
through, adjust the SYNC stretcher 
control for proper percentage sync, 
VISUAL PGM control for proper depth 
of modulation, and VISUAL RF GAIN 
for proper peak power as indicated on 
the RF output meter. 

(5) Turn on the aural rectifier, 
and if necessary, adjust OUTPUT COU¬ 

PLING or PA SCREEN VOLTAGE for 
proper RF level as indicated on the RF 
output meter. 

B. Stopping Procedure 
(1) Push the red illuminated 

VISUAL and AURAL PLATE OFF 
buttons. 

(2) Push the red illuminated 
TRANS STOP button. Blowers will con¬ 
tinue to run for three minutes. 

(3) After the blowers have shut 
down, open the external disconnect. 
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CHAPTER 

12 

TV Transmitter Operation and 
Maintenance 

The television transmitter operator has 
a busier day than his counterpart at 
an AM or FM installation. Obviously 
this is partly due to the fact that he 
has, in effect, two transmitters instead 
of one to supervise. In addition, at the 
lime of the present writing, video trans¬ 
mitters require constant attention for 
optimum picture results in contrast to 
the average aural transmitter which 
requires conparatively little watchful¬ 
ness. 

The transmitter operator is basically 
concerned with the following duties: 
(11 Keeping circuits in proper adjust¬ 
ment as to tuning, power output, per¬ 
centage modulation, frequency assign¬ 
ment, and relative levels of blanking-
to-sync. (2) Monitoring visual wave¬ 
form, picture quality, visual modula¬ 
tion percentage, visual carrier fre¬ 
quency deviation. (3) Monitoring aural 
percentage modulation, quality, and 
aural carrier center frequency. (4) 
Keeping of proper logs as required by 
the FCC. (5) Preventive maintenance 
ard (6) Emergency maintenance to 
keep the station on the air. 

12.1 Transmitter Monitoring 

Monitoring duties are outlined as fol¬ 
lows : 

(j) Visual transmitter amplitude-fre¬ 
quency characteristic (generally moni¬ 
tored during adjustment procedures be¬ 
fore sign-on or after sign-off by a de¬ 
vice such as a sideband analyzer. 

(2) Visual modulation depth measure¬ 
ment in percent. Continnously moni¬ 
tored during the operating day. 

(3) Picture quality as observed on pic¬ 
ture monitor. 

(4) Visual Carrier frequency devia¬ 
tion. Monitored continuously during the 
operating day. 

(5) Visual transmitter power output 
Monitored continuously. 

(ß) Aural carrier center frequency de¬ 
viation. Monitored continuously during 
the operating day. 

(7) Aural program modulation per¬ 
centage. Monitored ccsitinuously dur¬ 
ing any audio transmission. 

(8) Aural program signal quality as 
monitored on a good quality speaker. 

(9) Aural carrier power output. Moni¬ 
tored continuously. 

The basic functional diagram of the 
RCA sideband response analyzer is pre¬ 
sented in Fig. 12.1A. The wobbulator 
section consists of the conventional ar¬ 
rangement of a fixed frequency oscilla¬ 
tor and a sweep oscillator which varies 
above and below the fixed frequency by 
approximately equal amounts. When the 
frequency of the sweep oscillator (f.) 
is higher than the fixed frequency (f,), 
the radio-frequency carrier (fc) is mod¬ 
ulated by the frequency f.-f,. During 
this interval, the signal fed to the an¬ 
tenna (and to the sideband analyzer) 
contains three frequencies as follows: 

Carrier frequency = f. 
Upper sideband = f.. + (fi-fi) 
Lower sideband = f.. — ( f2-f, ) 

This signal is fed to the mixer stage 
which heterodynes with the signal (f2) 
from the sweep generator. The result-
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Figure 12.1 A. Basic Functional Block Diagram of RCA Sideband Response Analyzer. 

ing heterodyned signal is fed to the RF 
amplifier which is the first stage of a 
narrow-band detector portion of the 
analyzer. As shown in the diagram, this 
detector accepts only the frequency f,-
fi. The output is then proportional to 
the upper sideband response when f: 

is greater than fl. Similarly, the out¬ 
put is proportional to the lower side¬ 
band when fi is lower in frequency 
than fi. Using a sufficiently high sweep 
rate on the CRO displays the frequency 
versus amplitude characteristic of the 
transmitter as shown in the typical 
curve in the illustration. 

The net effect may be seen to sepa¬ 
rate the upper and lower sideband re¬ 
sponse for the purpose of simultaneous 
presentation on the screen of an oscillo¬ 
scope. The theory of operation is very 
similar to that described for checking 
the high-frequency response character¬ 
istics of video amplifiers at the studio 
in section 8.3. In this application the 
method is adopted to the transmitter 
action of vestigial sideband response. 
Its primary function is to check and 
adjust the broadband over-coupled RF 
circuits used in most visual transmit¬ 
ter circuits. The display with markers 

Figure 12.1B. Drawing of typical CRO display of half-tone video signal chopped at rate of 120 
cps, displayed with scope sweep of frame frequency 30 cps. 
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obviously permits optimum adjustment 
of stages to obtain the propel- standard 
transmission characteristics. 

As outlined in Chapter 11, the visual 
modulation indicator is usually an oscil¬ 
loscope used in conjunction with a 
keyer and a linear detector. Fig. 12.1B 
is a drawing of a typical display when 
the keyer chops the signal at a rate of 
120 cps, and displayed at frame fre¬ 
quency (30 cps) on the scope. The 
transmitted signal is a good half-tone 
with whites and blacks so that adequate 
reference points may be observed by the 
operator. With pedestal level carefully 

adjusted to 75% of the peak (sync) 
value, the video gain may be adjusted 
so that reference white and reference 
black falls at the optimum values 
shown in the drawing. The monitor also 
permits accurate adjustment of the 
sync stretcher control so that exact ra¬ 
tios may be obtained. A calibrated scale 
is usually used over the tube screen as 
illustrated in section 3.5. 
Another modulation indication method 

used at some transmitters is to apply 
the modulated radio-frequency signal 
directly to the vertical plates of an os¬ 
cilloscope with the linear saw-tooth 

Figure 12.1C. Radio-Frequency On-Oscilloscope Method of Checking Visual Transmitter Modulation 
Percentage. 
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sweep synchronized with the line (15,-
750 cps) or frame (60 cps) frequency. 

This is illustrated in Fig. 12.1C. The 
method of connection is basically shown 
in (1). Since a relatively high value of 
RF voltage is required for direct de¬ 
flection of the CRO beam, the operator 
must assure that the connection to the 
transmitter does not alter tuning or 
other adjustments. The optional con¬ 
verter shown in dotted lines is an RF 
converter and IF amplifier which pro¬ 
vides enough gain so that a low value 
of RF coupling may be used to assure 
that the measuring equipment does not 
alter any operational parameters in 
transmitter circuits. 

The CRO is swept at the horizontal 
plates by either line or frame frequen¬ 
cies in sync with the video source. In 
(1) is a typical display of an all-black 
signal, (2) illustrâtes an all-white sig 
nal, and (3) shows a typical pattern 
of a picture transmission with sweep 
at line frequency. 

It should be noted that this method 
requires monitoring at a point before 
the sideband filter in high-level modula¬ 
tion systems, to avoid erroneous re¬ 
sults occurring from removal of most 
of the lower sideband frequencies. In 
low-level systems, the monitoring point 
would necessarily be at the output of 
the first modulated stage. Although fol¬ 
lowing linear amplifiers should not al¬ 
ter the effective modulation percent, the 
practice is not to be recommended since 
the modulated envelope should be moni¬ 
tored at the output of the transmitter, 
for obvious reasons. This is the reason 
for the preferred keyer method of mod¬ 
ulation monitoring outlined in Chapter 
11 and illustrated in Fig. 12.IB. This 
method allows checking the signal at 
the output of the vestigial sideband 
filter oi' at the output of the final stage 
in low-level modulation systems. 

For monitoring of either the actual 
picture or the modulated envelope at 
the input to the antenna system (out¬ 
put of vestigial sideband filter or out¬ 
put of final stage in low-level modu¬ 
lated transmitters) special considera¬ 

tions are involved. This is illustrated in 
Fig. 12.11). In (1) is the response of 
an ordinary diode at this point. The 
sharp cut-off of the lower sideband fre¬ 
quency components in the RF signal 
result in a boost of the frequencies be¬ 
low 1.25 me as shown. It is obvious that 
the high frequency response will be 
approximately 50% of the response be¬ 
low 0.75 me. Thus it is realized in the 
case of the visual transmitter where 
the input is the video band frequencies 
and the output is in the radio-frequency 
spectrum with vestigial sideband char¬ 
acteristics, monitoring devices must be 
arranged and interpreted accordingly. 
If the ordinary diode is used ahead of 
the sideband filter, or at the first modu¬ 
lated RF stage (where both sidebands 
are present to an appreciable amount) 
the device provides a suitable signal 
either for picture monitoring or wave¬ 
form monitoring. However the reader 
should understand that such monitor¬ 
ing does not provide an accurate check 
at the antenna system input since the 
effects of vestigial sideband transmis¬ 
sion are not being monitored. 

The vestigial RF output signal from 
the transmitter must be properly re¬ 
turned to the video frequency band for 
accurate monitor interpretation. To do 
this the demodulator must approach as 
nearly as possible the “ideal receiver” 
response as illustrated in (2) of Fig. 
12.11). This characteristic serves to 
equalize the unbalanced sideband en¬ 
ergy distribution of the transmitted 
signal by a 6 db attenuation of the pic¬ 
ture carrier. This takes place over a 
range of 3 db for 0.75 me above the 
picture carrier frequency, and 3 db for 
0.75 me below the picture carrier fre¬ 
quency. To achieve this a linear detec¬ 
tor is preceded or succeeded by suitable 
selective circuits to provide this overall 
response characteristic. The amplitude¬ 
frequency characteristic is flat from 
0.75 me to 4. me above the carrier and 
substantially zero at frequencies lower 
than 0.75 me below the carrier. The re¬ 
sponse at the carrier frequency should 
be one-half the value of the response in 
the upper sideband above 0.75 me. 
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Illustrating response of ordinary diode 
detector at output of vestigial sideband 
filter. This results fron» the fact that 
lower frequencies are transmitted 
double-sideband, higher frequencies 
are transmitted single-sideband. 

Figure 12.1 D. 

Many stations use a modified receiver 
chassis for monitoring the picture 
which gives an accurate final check on 
the radiated signal if precautions are 
taken to keep the receiver circuits in 
proper order. Such a receiver may also 
be used for modulation percent indica¬ 
tion by incorporating the chopper or 
vibrator across the second detector to 
establish the zero-carrier reference line 
(preceding chapter). The short-circuit 
intervals are made sufficiently short so 
as not to minimize the usefulness of the 
oscillographic display, with a repetition 
rate sufficiently high to establish the 
zero level at least twice during the dis¬ 
played trace. When displayed at frame 
frequencies, a common chopper rate is 
120 cps which establishes 4 zero-refer¬ 
ence lines (Fig. 12.IB). When displayed 
at line frequency, a chopper rate of 
31.5 kc provides two zero-reference 
lines. 

Modulation percentage for the fre¬ 
quency-modulated sound carrier is mon¬ 
itored by a meter indicator incorporated 
with the frequency monitor and will be 
described in the analysis to follow. Some 
stations use equipment which employs 
completely separate monitoring devices 
mounted in separate racks, others use 
closely associated monitors for visual 
and aural transmitters mounted to¬ 
gether in a common rack. In either 
case, the principles of monitor act:on 
are substantially alike. 

Fig. 12.1 E illustrates the Genera) 
Radio Type 1183-T Television Station 
monitor showing front panel meters 
and controls.* This is an integrated 
monitoring system providing: 

illustrations and technical data fur¬ 
nished through courtesy of General Ra¬ 
dio Company. 

• 519 



TV Transmitter Operation and Maintenance 

aSTORTtCN KETER 
ADJ kncB 
(FOR USE WITw 
DISTORTION Mi TER « 

CHECK 

Figure 12.1 E. Panel View of Complete Monitor. 
This is Standard Equipment with Dumont, Gen¬ 
eral Electric, and RCA Television transmitters. 
Courtesy General Radio Co., Cambridge 39, Mass. 

(1) A continuous indication of the fre¬ 
quency deviation of the aural transmit¬ 
ter in terms of a highly stable master 
crystal. 
(2) A continuous indication of the fre¬ 
quency deviation of the visual trans¬ 
mitter in terms of the same master 
crystal. 
(3) A continuous indication of percent¬ 
age modulation and an over-modulation 
alarm for the aural transmitter. 
(4) A high-fidelity audio output for 
distortion and noise-level measurements 
and for audio monitoring. 

For frequency monitoring, the Type 
1183-T Television Station Monitor has 
an accuracy adequate to meet all re¬ 
quirements of the FCC regulation, in¬ 
cluding those for offset operation in the 
VHF band for 30-day intervals between 
frequency checks, and in the UHF band 
for shorter' periods. 

The complete monitor consists of the 
following three instruments, each of 

which is described in the following 
paragraphs : 
Type 1170-BT F-M Monitor 
Type 1171-AT Visual Transmitter 

Frequency Monitor 
Type 1176-AT Frequency Deviation 

Meter 
The type letter designations of the 

complete monitor and also of the F-M 
Monitor and the Visual Monitor are 
followed by the numeral 1,2,3, to desig¬ 
nate the frequency range for which it 
is designed to operate. The Type 1176-
AT Frequency Deviation Meter is the 
same for all channels. 

I^requency Monitoring—Principle of 
Operation 

The diagram of Fig. 12.1 F shows in 
elementary form the frequency moni¬ 
toring circuits. The master reference 
crystal oscillator is contained in the 
Type 1170-BT F-M Monitor. A multi¬ 
plier chain supplies a harmonic of this 
crystal oscillator frequency, which 
beats with the FM aural transmitter 
signal to produce a 150-kilocycle differ¬ 
ence frequency. This 150 kc signal is 
amplified and limited, and is used to 
operate the metering circuits that indi¬ 
cate the center frequency of the aural 
transmitter. 
In the Type 1171-AT Visual-Trans¬ 

mitter Frequency Monitor, another 
branch multiplier chain excited from 
the F-M Monitor supplies the same har¬ 
monic of the reference crystal oscillator 
to a mixer, where it beats with the 
visual-transmitter carrier to produce a 
4.35-megacycle signal. This 4.35-mega-
cycle frequency is then heterodyned 
with a 4351.75-kilocycle oscillator to 
produce a 1.75-kilocycle beat, which 
drives the Type 1176-AT Frequency-
Deviation Meter. 
Both transmitters are monitored 

against the same master-reference 
crystal, which has a high degree of sta¬ 
bility. The stability cf the 4351.75-kc 
auxiliary crystal has a negligible effect 
on the indicated deviation because its 
fundamental frequency beats directly 
with the signal to be monitored. Its nor-
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Figure 12.1 F. Relationship of Transmuter Carrier Frequencies to the Frequencies of Oscillators and 
metering circuits of television Station Monitor. Courtesy General Radio Co. 

mal drift of a few cycles, therefore, is 
not detectable on the deviation meter 
scale of 1.5-0-1.5 kilocycles. 

The frequency of the master-refer¬ 
ence crystal oscillator can be adjusted 
from the front panel of the Type 1170-
RT F-M Monitor. This adjustment af¬ 
fects both monitor indicators equally. 
After the visual carrier has been set by 
this means, a front-panel adjustment 
in the metering circuit of the aural 
monitor sets the aural-carrier indicator 
independently to the correct value for 
the 4.5-mc intercarrier separation. 

Type 1170-BT F-M Monitor. This in¬ 
strument gives a continuous indication 
of center-frequency and percentage 
modulation (frequency deviation) of 
television aural transmitters. It also 
furnishes a high-fidelity output for 
measuring distortion and noise, and a 
600-ohm output for audio monitoring. 
The monitor is designed to operate at 
frequencies between 44 and 900 mega¬ 
cycles, covering all frequencies used in 
television broadcasting, including the 
UHF band. 

The block diagram of Fig. 12.1G 
shows the functional operation of the 
monitor. A harmonic of a standard¬ 
frequency oscillator beats with the 
transmitter frequency to produce a 
nominal intermediate frequency of 150 
kc plus or minus the transmitter fre¬ 
quency deviations. This signal is then 
passed through amplifiers and limiters, 
which change the waveform to steep, 
square-topped pulses of constant am¬ 
plitude, which are applied to a counter¬ 
type discriminator. The DC output of 
the discriminator is used to operate the 
center-frequency indicator. The AC 
output, suitably amplified and filtered, 
operates the modulation indicators and 
is available at two output circuits; a 
100,000-ohm circuit for distortion and 
noise measurements and a 600-ohm cir¬ 
cuit for audio monitoring. 

Output at a harmonic of the crystal 
frequency is also provided to excite the 
Type 1171-AT Visual Transmitter Fre¬ 
quency Monitor. 

The use of a low intermediate fre¬ 
quency and a counter-type discrimina-
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Figure 12.1G. Block Diagram of Complete Moni¬ 
toring System, Showing principle of Operation. 

Courtesy General Radio Co. 

tor results in a high degree of stability, 
so that a continuous indication of cen¬ 
ter frequency is achieved without ref¬ 
erence to a second crystal for setting 
zero. 

A highly stable crystal oscillator- is 
used. Stability is adequate for off-set 
carrier operation in the VHF band. 

Because the counter-type discrimina¬ 
tor is inherently linear, accurate cen¬ 
ter-frequency indications are obtained 
even in periods of heavy modulation. 

Discriminator is linear to better than 
0.1%, permitting accurate distortion 
measurements. 

Distortion-and-noise-measuring out¬ 
put includes 75 microsecond de-empha-
sis circuit. 

Residual FM noise level is down at 
least 65 db from ±25 kc deviation. 
Modulation meter reads positive, 

negative, or peak-to-peak, as selected 
by a switch. 

Overmodulation lamp flashes when 
modulation exceeds level as set by a 
dial. 

R-F sensitivity is 1.0 volt or better. 
Adjustable input attenuator, with 

meter. 
Pilot lamp indicates adequate input 

level. 
Terminals are provided for connect¬ 

ing external, center-frequency and 
modulation meters and overmodulation 
indicators. 

Regulated power supply. 
Chassis arranged for maximum heat 

dissipation and easy servicing. 
A zero correction is provided to com¬ 

pensate for long-time drift. 
A functional block diagram of the 

Type 1170-BT Frequency-Modulation 
Monitor is shown in Fig. 12.1 H. The 
standard of frequency against which 
the transmitter is monitored is a crys¬ 
tal oscillator whose frequency, when 
multiplied up to the region of the trans¬ 
mitter, differs from the assigned chan¬ 
nel by exactly 150 kilocycles. The beat¬ 
frequency produced in the mixer, be¬ 
tween the transmitter and a harmonic 
of the crystal oscillator, is fed to a se¬ 
ries of amplifiers and clippers to pro¬ 
duce a square wave. A. “pulse counter” 
type of discriminator is operated by the 
square wave to produce an output volt¬ 
age which is proportional to the instan¬ 
taneous fundamental frequency of the 
square wave. Under conditions of 100 
percent modulation, the fundamental 
frequency of the square wave will 
swing ±75 kilocycles about the 150 kilo¬ 
cycle center point, or average fre¬ 
quency. The average, or DC component, 
of the discriminator output signal is 
used to operate a vacuum-tube volt¬ 
meter which indicates the deviation of 
the transmitter average-center-fre¬ 
quency from the assigned channel. 

The AC components of the discrimi¬ 
nator output signal include the origi¬ 
nal modulation and other higher order 
functions present as a result of the 
pulse-type waveform, etc. By means of 
a low-pass filter, the unwanted higher 
order components are eliminated. 
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Figure 12.1H. Functional B^ock Diagram of the Type 1170-BT Frequency Modulation Monitor. Courtesy 
General Radio Co. 

The audio circuits are coupled to the 
output of the discriminator by means 
of a standard 75 micro-seconc de-em-
phasis circuit (which also assists in 
filtering process) and a 30-kilocycle 
low-pass filter. 

One audio amplifier operates as a 
low-impedance output stage to provide 
a local monitoring output at GOO ohms 
impedance for direct connection to 
telephone lines, etc. 

A second audio amplifier is provided 
with a gain control and additional out¬ 
put filter to minimize noise ard spuri¬ 
ous signals. This circuit has been de¬ 
signed for very low residual noise and 
distortion levels and is intended for 
use with the Type 1932-A Distortion 
and Noise Meter. 

A third audio system consists of a 
pre-emphasis circuit which restores the 
frequency response to a uniform char¬ 
acteristic for the purpose of operating 
the modulation meter circuits. A pre¬ 
amplifier is used to operate two semi¬ 
peak diodes, and a DC amplifier. The 
gain of the pre-amplifier may be 
changed so that the monitor may be 
calibrated to read 100% modulation of 
any value between the limits of 25 and 

75 kilocycles. This permits the monitor 
to be calibrated for services employing 
modulation levels other than television 
FM broadcast standard of ±25 kc for 
100% modulation. (The standard FM 
broadcast band from 88-108 me requires 
±75 kc for 100% modulation.) 

The semi-peak diodes are arranged to 
permit the selection of positive, nega¬ 
tive, or full-wave modulation response 
characteristics by means of a panel 
switch. The modulation meter is oper¬ 
ated by a vacuum-tube voltmeter hav¬ 
ing the required dynamic-response 
characteristics for modulation monitors 
as specified by the FCC. On transient 
signals, this results in the meter re¬ 
sponse having a fast upswing and slow 
return. 
An “Over-Modulation” warning lamp 

is provided, which will flash whenever 
the transient modulation peaks exceed 
a predetermined level as set on the 
MODULATION PEAKS potentiometer 
dial. The audio-modu’.ation signal is ap¬ 
plied to the grid of an amplifier tube 
together with a variable portion of a 
DC bias voltage, as determined by the 
dial setting. The total potentiometer DC 
voltage is made equal to the peak value 
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of the audio signal, at 120% modula¬ 
tion level, which is the full range of the 
dial calibration. In addition, a fixed 
negative bias is applied in series with 
the grid to maintain the tube just at 
the cut-off point. Thus, whenever, the 
modulation peaks exceed the dial set¬ 
ting, a pulse is developed in the plate 
circuit of the amplifier tube. This pulse 
is used to trigger a thyratron tube 
which causes the indicator lamp con¬ 
nected to its anode circuit to glow. 

This circuit will respond to transient 
modulation peaks which are too short 
to cause the modulation meter to deflect 
to its final value. For- this reason, coin¬ 
cidence of the meter readings and the 
lamp flashes may not occur on all types 
of program material. The two will 
agree closely on steady-state or sine¬ 
wave modulation. The lamp operates on 
positive modulation peaks. This is not 
significant except when asymmetrical 
modulation is encountered. In these in¬ 
stances, the agreement between the 
flashing lamp and the meter deflections 
will be closed when the meter switch is 
set to the positive-peak position. 

In general, the monitoring applica¬ 
tions of the modulation meter and the 
over-modulation lamp will be identical 
to the well-established practices used 
for many years in standard AM broad¬ 
casting. There is, however, no longer 
any reason to favor monitoring either 
one polarity of the modulation, such as 
exists in the AM case. Operators will 
find that the use of the full-wave modu¬ 
lation position (i.e., positive and nega¬ 
tive simultaneously) an advantage 
since it eliminates the need for switch¬ 
ing back and forth in order to deter¬ 
mine the maximum modulation swing 
on asymmetrical program material. 

OPERATION 

TEMPERATURE CONTROL—Throw 
the POWER switch ON and the MON¬ 
ITOR switch to OFF. The red HEAT 
CYCLE bull’s-eye should light imme¬ 
diately, as well as the red one at the 
upper right of the panel. 
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To test the operation of the heat¬ 
control circuit, short-circuit the thermo¬ 
stat terminals temporarily. The relay 
should open and the red HEAT CYCLE 
lamp go out. A fusible link is provided 
which melts and opens the heater cir¬ 
cuit if the temperature becomes exces¬ 
sively high due to relay or thermostat 
failure. 
The heat will remain on for about 

half an hour before the thermostat be¬ 
gins to operate. After about an hour, 
the thermostat will cycle so that the 
heat is on (indicator lamp lighted) 
about 50 seconds and heat off (indica¬ 
tor lamp out) about 160 seconds at or¬ 
dinary room temperature (70° to 80° 
F). A period of about four hours is 
required before the inner temperature 
reaches its final value. When proper 
operating temperature has been 
reached, the thermometer should read 
(60 ±0.15) °C. 

RANGE OF OPERATION. Either of 
two types of r-f mixer assemblies is 
supplied with the R-F Section of the 
monitor. The Type 1170-P1 unit covers 
the range between 30-162 megacycles; 
and the Type 1170-P2 unit covers the 
range between 160 and 220 megacycles. 

Only one unit is supplied with each 
monitor and has been selected to pro¬ 
vide operation at the frequency re¬ 
quested and is completely tuned and ad¬ 
justed when received. Changes in these 
adjustments are not normally required. 

CRYSTAL OSCILLATOR AND HAR¬ 
MONIC MULTIPLIER. Having al¬ 
lowed the crystal to reach normal oper¬ 
ating temperature, turn the MONITOR 
switch ON and allow a few minutes 
for the tubes to stabilize. A time-delay 
relay will connect the plate supply 
within a period of 15-60 seconds. De¬ 
press the CHECK CRYSTAL button 
on the panel. A deflection of the meter 
to, or above, the red line will indicate 
that the crystal is oscillating with suf¬ 
ficient amplitude to drive out the first 
multiplier stage. 
A rear jack, labeled OSC. CUR¬ 

RENT, is provided on the lower rear 
left corner of the instrument. An O 
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—10 ma DC meter may be plugged into 
this jack, using a standard telephone 
plug, to check the oscillator current. 
This should be approximately 2 ma (3 
ma non-oscillating). 
INPUT SIGNAL LEVEL. The small 
meter, located on the lower left corner 
of the rear of the instrument, will pro¬ 
vide a visual indication of the transmit 
ter input signal level to the monitor. 
When an RF signal is connected to the 
RF INPUT terminal, this meter will 
show a deflection, provided the moni¬ 
toring crystal is oscillating at the cor¬ 
rect frequency and the harmonic mul¬ 
tipliers are properly adjusted. These 
adjustments have been set at the fac¬ 
tory for operation at the specified 
transmitter frequency, and will not nor¬ 
mally require alteration. 

The deflection obtained on the rear 
meter may be varied over a consider¬ 
able range by rotation between the lim¬ 
its of MAX and MIN of the attenuator 
cylinder that forms the main body of 
the RF INPUT jack. The meter deflec¬ 
tion should be set to approximately 100 
(10 X 10) by means of this adjustment. 
Two friction clamping screws maintain 
sufficient pressure upon the adjustment 
device to guard against accidental turn¬ 
ing. The clamping screws are accessible 
at the rear. 
When the RF INPUT level has been 

set correctly, the SIGNAL pilot lamp 
on the panel and also the illumination 
lamps of the FREQUENCY DEVIA¬ 
TION meter, will glow with normal 
brilliance. These serve the purpose of 
continuously indicating normal opera¬ 
tion of the monitor. Failure of either 
the RF INPUT from the transmitter 
or the monitoring crystal oscillator will 
cause these SIGNAL lamps to become 
very dim. 
METER READINGS. Center-Fre¬ 
quency Deviation: The monitoring crys¬ 
tal oscillator should be permitted to 
operate for a period of about four hours 
following the initial installation in or¬ 
der that it reach final temperature and 
frequency stability before the indica¬ 
tions of the meter can be considered 
normal. 

Assuming that the- monitor is fully 
stabilized, as noted above, the meter 
will indicate directly the deviation from 
the assigned transmitter frequency, if 
this is within the range of ±3000 cy¬ 
cles. Should the frequency deviation ex¬ 
ceed this value, the meter will deflect 
off scale, provided that the frequency 
is within 120 kc of the assigned value. 
If the transmitter is more than 120 kc 
off frequency, the meter may give false 
indications. It is important, therefore, 
to determine the exact transmitter fre¬ 
quency, as precisely as possible, before 
using the deviation meter.* 
Before reading the KILOCYCLES 

DEVIATION meter, the “electrical” 
zero setting of the circuit should be 
checked. Depress the CHECK ZERO 
push button near the lower right cor¬ 
ner of the meter and hold it in. If the 
pointer fails to return to exact zero, 
remove the snap button located next to 
the upper right corner of the meter, 
and set the screwdriver adjustment un¬ 
til exact zero is obtained. The move¬ 
ment of the meter will be sluggish un¬ 
der these conditions; hence, it is best to 
make changes in the ZERO adjustment 
in small increments and allow sufficient 
time for the meter to reach its final set¬ 
ting. It is important that the trans¬ 
mitter be on when this check is made. 

An adjustment for bringing the read¬ 
ings of the FREQUENCY DEVIA¬ 
TION meter into agreement with the 
results of an independent frequency 
check of the transmitter is provided on 
the front panel. The control located un¬ 
der the snap-button marked CENTER 
FREQUENCY, adjacent to the lower 
right corner of the meter, is used for 
this purpose. This adjustment has a 
useful range of ±3000 cycles, which 
provides a wider range than any long¬ 
term drifts in frequency will normally 
require. 
CAUTION: It is recommended that 

these adjustments be left undisturbed 

By checking the transmitter fre¬ 
quency with Primary Measuring Serv¬ 
ice, described later (section 12.5). 
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Figure 1 2.11. Elementary Schematic Diagram of Type 1 1 76-AT (Visual Transmitter) Frequency Deviation 
Meter. Courtesy General Radio Co. 

for a period of at least twenty-four 
hours after the initial installation, in 
order to permit the instrument to be¬ 
come thoroughly stabilized. 
Modulation: The MODULATION 

meter will deflect up scale when modu¬ 
lation is applied to the transmitter. A 
MODULATION PEAKS switch, lo¬ 
cated in the lower right corner of the 
panel permits the meter response to be 
set for positive, negative, or full-wave 
modulation peaks. 
It is important that the control 

marked ADJ. DIST. METER be set at 
the Monitoring position at all times, ex¬ 
cept when distortion or noise measure¬ 
ments are being made. 

OVER MODULATION INDICATOR. 
An OVER MODULATION warning 
lamp, located near the center of the 
front panel, will flash whenever the 
modulation peaks exceed the setting on 
the MODULATION PEAKS dial. This 
dial may be set for any modulation level 
between the limits of 0 and 120 percent. 

STAND BY OPERATION. When the 
transmitter is not operating, the moni¬ 

tor crystal oven should be left on to en¬ 
able a quick return to service condi¬ 
tions. By throwing the MONITOR 
switch to OFF, all circuits except those 
required to maintain the temperature 
control of the crystal oven, will be shut 
off. 

A return to normal operation, from 
the stand-by condition, merely requires 
throwing the MONITOR switch to ON, 
and allowing sufficient time for the 
tubes to warm up. Within a matter of 
minutes; all circuits will be sufficiently 
stabilized to operate normally, with the 
posible exception of the KILOCYCLES 
DEVIATION meter. This latter circuit 
may require approximately 15 minutes 
to approach final stability, which con¬ 
dition should be fully reached within 
an hour. 

For short periods of broadcast inter¬ 
ruption, lasting a few hours or less, it 
is advisable to permit the monitor to 
operate continuously. 

A period of about four hours is re¬ 
quired for the monitor to become sta¬ 
bilized from a condition of complete 
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shut-down including the crystal oscil¬ 
lator temperature control system. 
The GR Type 1171-AT Visual Trans¬ 

mitter Frequency Monitor derives its 
reference frequency from the master 
crystal oscillator in the aural monitor 
and furnishes a signal to the frequency 
deviation meter of 1.75 kc plus or minus 
the frequency deviation of the visual 
transmitter carrier. Its operation is in¬ 
cluded in the diagram of Fig. 12.1F. 
The frequency deviation meter is the 
indicating device for the visual trans¬ 
mitter monitor. The elementary sche¬ 
matic diagram is shown by Fig. 12.11. 
The circuit consists of (1) an input am¬ 
plifier followed by (2) a series of clip¬ 
ping and limiting amplifiers and (3) a 
cycle-counter circuit used as a discrimi¬ 
nator to drive the deviation indicating 
meter. 

Changes in amplitude and waveform 
of the input signal do not affect the 
indication, and a well regulated power 
supply eliminates the effect of line volt¬ 
age changes. 

12.2 Typical Daily Operations 
Procedures 

Transmitter operations may be 
roughly divided as follows: Pre-Sign 
on, regular operating day of program 
transmission, after sign-off shut-down 
period, and preventive maintenance 
which takes place after sign-off. 

The sign-on man generally arrives at 
the transmitter one hour before the 
first test pattern signal is to be put on 
the air. In systems using water cooled 
tubes in the high-level stages, the water 
pumps are usually started before any 
other operation. In air coolea systems, 
the blowers are ordinarily actuated 
upon application of filament voltages. 
Any adjustable auto-transformers must 
be set on the tap giving the proper pri¬ 
mary voltage indication for the particu¬ 
lar installation, usually 230 volts. 

Modern transmitter circuits employ 
an orderly control circuit system for 
two purposes: (1) to prevent improper 
transmitter functioning as to over¬ 
loaded circuits or inadequate time-de¬ 

lays for application of high voltages, 
and (2) to protect the operating per¬ 
sonnel from contacting high-voltage 
terminals. The former function also 
serves to prevent certain applications 
of potentials to elements not receiving 
normal flow of cooling medium such as 
water or air-stream. The functioning 
and operating sequence of control at 
any particular installation must be 
thoroughly familiar to the operators. A 
detailed analysis is included in a later 
section 12.4. 

A typical sequence of operation is as 
follows: the START button is pressed 
which applies filament voltages to the 
tubes and starts a number of other re¬ 
lay circuits to functioning. Blower mo¬ 
tors are started and, until the air 
stream is of sufficient strength to actu¬ 
ate mercury switches on the air vanes, 
full filament voltage is not applied. At 
the same instant, time-delay relay mo¬ 
tors are started which do not close the 
high-voltage circuits until a specified 
time has elapsed, such as 30 seconds or 
one minute. Some transmitters employ 
“automatic” switches which automati¬ 
cally apply high voltages upon timing-
out of the delay relay. When first plac¬ 
ing the transmitter on the air, however, 
these switches are normally set to the 
“manual” position so that other adjust¬ 
ments may be made or checked before 
this occurs. Filament voltages should be 
checked on their respective meters and 
any adjustments made necessary to 
bring the potentials to normal value. 
Door interlock switches also prevent ap¬ 
plication of high voltage if any door is 
open in a cubicle containing high volt¬ 
age. An open door also usually actuates 
grounding switches which short the 
high-voltage supplies to ground so that 
large capacitors cannot discharge 
through an operator’s body to ground. 

After all filament meters have been 
checked and normal operation obtained, 
the low voltages are usually applied to 
the video amplifier- stages and RF ex¬ 
citer stages. This permits checking 
their operation before application of 
high voltages to the final stage or se-
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Figure 12.2A. Panel, Aural Transmitter Type 4TT8A1. Courtesy G. E. 

ries of high-level linear amplifiers. Any 
necessary adjustments such as touch-
up of tuning controls are made and grid 
current of high-level stage is observed 
to ascertain normal driving power to 
that stage before application of the 
final high voltage. 

Figs 12.2A and 12.2B illustrate the 
aural and visual panel controls and 
meters for one type of General Electric 
TV Transmitter. 

When the operator is assured that 
the transmitter is functioning properly 
into the antenna system, he generally 
removes the Kigh voltage and places the 

dummy load on the final in lieu of the 
antenna. He is then in a position to 
check performance with test signals 
either from equipment at the trans¬ 
mitter or from the studio line. These 
tests include test pattern signals, check¬ 
ing of waveform from the studio and 
after passing through the transmitter, 
adjustment of video and audio levels, 
etc. 

Due to the nature of the FM aural 
transmission, some operators are con¬ 
fused at first on obtaining proper in¬ 
terpretation of the aural modulation 
monitor meter readings. It is recalled 
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Figure 1 2.2B. Center Cubicle Visual Transmitter, G. E. Type TT-6-C. Courtesy G. E. 

that pre-emphasis of the audio spec¬ 
trum in accordance with the graph of 
Fig. 12.2C is used at the input of the 
aural transmitter. The monitor circuit 
which provides audio voltage to drive 
the sound monitoring amplifiers then 
includes a de-emphasis circuit to restore 
the audio amplitude-frequency curve to 
normal value. It must be remembered, 
however, that some modulation meters 
show percentage of modulation in terms 
of this pre-emphasis curve, which 
means that about 17 db less audio is 
required at 15,OOH cps pure tone to 
modulate the transmitter 100% than at 
any pure tone below approximately 400 
cps. This action in terms of average 
program material should be taken into 
consideration by the operator. A pro¬ 
gram which has a number of highs in 
the signal content should modulate the 
transmitter 100%. However, film or re¬ 
cordings often contain sound which is 
definitely lacking in highs, and 100% 
modulation will cause noticeable distor¬ 

tion in lows due to the overloaded con¬ 
dition in the audio amplifiers of the sta¬ 
tion and especially in the receiver cir¬ 
cuits following de-emphasis. Voice 
transmission should seldom exceed 50 
to 60% modulation. The studio opera¬ 
tor is peaking his meter close to 100% 
indication, but the transmitter modula¬ 
tion indication cannot be expected to 
follow the studio meter under all pro¬ 
gram conditions. 

While the transmitter is on the air a 
competent operator will be continually 
alert to picture quality, waveform as 
to level, amount of setup and proper 
sync-to-blanking ratio, meter readings, 
temperatures, and even to his sense of 
smell. As he walks up and down the 
transmitter to observe the meters and 
make adjustments on the line-voltage 
auto-transformer, he is sensitive to the 
characteristic operating odors of resis¬ 
tors, relay solenoids, capacitors and 
transformers. This practice often indi¬ 
cates the general location of an impend-
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ing outage even if visual observation 
is impossible due to location of the com¬ 
ponent. Meeting emergencies is more 
fully discussed in section 12.5. 

Meter readings must be recorded on 
the transmitter log at 30 minute in¬ 
tervals. These are outlined in the Ap¬ 
pendix under FCC Rules and Regula¬ 
tions. 

After sign-off the high voltage is re¬ 
moved and rear doors opened for visual 
observation of all components. The op¬ 
erator should, at this time, become thor¬ 
oughly familiar with the feel of fila¬ 
ment, grid and anode connections of 
high-level stages, important capacitors 
and other components where tempera¬ 
ture indication as revealed by the feel¬ 
ing process is important in case of 

530 • 



Figure 1 2.3A. 
Bloex Diagram, Transmitter Control panel. Courtesy G. E. 

TV Transmitter Operation and Maintenance 



TV Transmitter Operation and Maintenance 

Figure 1 2.3B. Outline Drawing, Transmitter Control Panel. 

trouble or impending failure. He should 
ALWAYS ascertain that interlock 
switches and high-voltage shorting re¬ 
lays are properly functioning before 
touching any component. 

After shutting off the low voltage 
and fllament potentials, blower motors 
or water-cooling systems sometimes 
continue to operate by “keep-alive” re¬ 
lays for a specified time to cool the 
high-level tubes. This time is generally 
4 to 7 minutes, after which interval 
they open the circuits automatically. 
This is the close of the operating day 
and the start of any preventive main¬ 
tenance schedules. 

12.3 Transmitter Control Position 

Most commercial transmitter instal¬ 
lations incorporate a control panel po¬ 
sition where all necessary controls and 
monitor switching are localized for con¬ 
venient and efficient operation. The con¬ 
trol panel sometimes incorporates pro¬ 

gram switching facilities where instal¬ 
lations are combined with film rooms, 
or where the “master control” is actu¬ 
ally at the transmitter location. 

To familiarize the reader with the 
operational use of such equipment, a 
description follows of the General Elec¬ 
tric transmitter control panel.* Fig. 
12.3A is the block diagram, and Fig. 
12.3B shows the operational controls 
discussed in the following paragraphs. 

The transmitter Control Panel con¬ 
sists of a flat rectangular metal panel 
designed for mounting in a G-E Type 
PR-17-A Top Cabinet. All operating 
controls are located on the front. Recti¬ 
fier push buttons are illuminated indi¬ 
cating the active circuit. All controls 
are plainly marked. Where possible, all 
components are identified on the rear 
of the panel by their symbol number. 

*Drawings and technical data fur¬ 
nished by courtesy of General Electric. 
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Wiring and connections are acces¬ 
sible from the rear, there being no volt¬ 
ages available on the front. All DC and 
AC control voltages are brought into 
the panel through multi-connector Jones 
plugs located on a hinged terminal 
panel mounted to the rear of the Con¬ 
trol Panel for easy accessibility. 

Aural and visual rectifier push but¬ 
ton on-off switches permit individual 
control of the high voltage to the visual 
and aural transmitters. 

Two six-position mechanically inter¬ 

locked switches permit separate visual 
and aural monitor switching. Preset 
level controls are bridged across each 
audio line. Monitoring controls permit 
checking visual and aural inputs and 
their respective RF outputs. 

Separate lever keys allow selection of 
either of two input aural and visual 
lines for broadcasting. Two additional 
lever keys on the audio inputs select 
either remote or local operation, and of 
local operation, either turntable or mi¬ 
crophone. 

Name Function 
OPERATION 

The following is a list of the controls and their function on the Transmitter 
Control Panel : 

1. VISUAL CONTROLS 

Name Fu notion 
VISUAL RECT 

ON 
OFF 

VISUAL MONITOR 

OFF 
MON 
MO 
MI 
L2 
LI 

FADE 

SYNC 

VISUAL RF GAIN 

PGM 

Applies HV (high-voltage) to the Visual Transmitter. 
Turns off HV to the Visual Transmitter. 
Monitor selector switch with the following positions avail¬ 
able: 
Cuts switch 4S7 OFF. 
Demodulator selector button. 
Modulator output selector button. 
Modulator input selector button. 
Selector button for input line 2. 
Selector button for input line 1. 
A remote control for the visual modulator that permits 
fading tie picture to black level. 
A remote control for the visual modulator that permits ad¬ 
justing the amount of sync in the composite output of the 
modulator. It should be set at 25 percent of the peak RF 
signal as measured on the Calibration Waveform Monitor. 
Once set, the modulator will tend to maintain a fixed sync 
amplitude for considerable variation of input sync. 
A remote gain control. It adjusts the screen voltage in 
the 1st 1PA Stage, thereby adjusting the transmitter peak 
output without significant change in the percent modula¬ 
tion or percent black level. This control should be used to 
readjust the transmitter peak output to compensate for 
line voltage variations. The peak output would be read on 
the visual peak RF meter on the transmitter. 
A 75/75 ohm bridged T video attenuator which permits ad 
justment of the visual program bus level over a 25 db range. 
With the RF blanking level properly set, this control pro 
vides an independent adjustment of the depth of modula¬ 
tion on white peaks. The control should be set so that ref¬ 
erence white coincides with the desired maximum depth of 
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Name 

SCREWDRIVER 
ADJUSTMENTS 

VISUAL LINE 
1-2 

ZERO CARRIER 

Function 
modulation. The depth must be set below 15 percent of peak 
RF signal and is usually held between there and 10 per¬ 
cent. The desired level can be established by using the 
Calibration Waveform Monitor. 
A two-position selector switch ahead of the PGM attenua¬ 
tor that permits selecting either of the two input video 
lines for connection to the transmitter. 
These are 150-ohm potentiometers each of which is shunted 
by a 150-ohm resistor. They are used to preset the levels 
of their associated circuit to the same value so that ap¬ 
proximately equivalent displays will be had on the Cali¬ 
bration Monitor when switching from one signal to an¬ 
other. 
4R45 and 4R46 permit adjustment of the terminating re¬ 
sistance presented at 4J7 and 4J3, respectively, from 60-80 
ohms. 
Turns the zero carrier level marker in the Demodulator on 
or off. The zero carrier marker is used to establish the va¬ 
rious levels of the detected video signal. For critical exam¬ 
ination of the vertical back porch it should be off. 

2. AURAL CONTROLS 
AURAL RECT. 

ON Applies HV to the Aural Transmitter. 
OFF 

AURAL MONITOR 

LI 
L2 
MIC 
TT 
MOD 
MON 

MONITOR 
LOCAL 

PGM 
LOCAL 
MIC-TT 
REM 
1 - 2 

AURAL 
REM-LOCAL 

MOD 

VU 

SCREWDRIVER 
CONTROLS 

Cuts off HV to the Aural Transmitter. 
Monitor selector switch with the following positions avail¬ 
able: 
Selector button for input line 1. 
Selector button for input line 2. 
Microphone selector button. 
Transcription selector' button. 
Aural Modulator input selector. 
Aural Station Monitor selector. 
Sets the signal level to the monitoring loudspeaker. 
Adjusts the level of the transcription and microphone in¬ 
put circuits. 
Adjusts the level of the Line 1 and Line 2 inputs. 

Microphone or Turntable selector. 

Line 1, Line 2 selector. 

Remote or local selector switch located following the two 
level controls PGM and LOCAL. 
Indicates (flashes) when the modulation of the Aural 
Transmitter exceeds any preset level between 50 to 120 
percent. 
A db multiplier control calibrated for determining the 
scale reading of the VU meter. 
These potentiometers for adjusting circuit levels to ap¬ 
proximately the same monitoring speaker output. They 
are bridged across their respective monitoring circuit. 
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3. PROGRAMMING 

The programming facilities provide 
separate switching of two composite 
video lines and two audio lines. By us¬ 
ing external equipment an extra audio-
video output can be made available for 
feeding a network line or driving re¬ 
corders with the program being broad¬ 
cast 
When the monitor is switched to 

either of the visual lines, the level as 
measured by the Calibration Monitor is 
proportional to that directly on the line 
selector switch. When the picture signal 
levels are matched on both lines prior to 
the switching, the outgoing levels should 
remain the same. 

Before switching into either visual 
line, it should be monitored on the Cali¬ 
bration Monitor for picture quality and 
signal level. To do this push the LI or 
L2 button on the VISUAL MONITOR 
switch, whichever is appropriate. Ad¬ 
just the signal level to that standard 
selected for station operation by prop¬ 
erly setting the level controls on the 
driving Stabilizing Amplifier, Utility 
Amplifier or signal source. 

To minimize switching transients in 
the picture, use the FADE control to 
first fade the picture to black then se¬ 
lect the other line and fade up. To ob¬ 
serve the effect on the Calibration Moni¬ 
tor the VISUAL MONITOR selector 
switch button MO or MON should be 
punched. 
For simultaneous switching of the 

aural part of the program, AURAL 
REM-LOCAL switch must be on REM. 
Then at the same time the selection is 
made with the VISUAL LINE switch, 
operate the REM switch. To monitor 
the aural selection push the MOD or 
MON push button on the AURAL 
MONITOR switch down. 
The illuminated VU Meter is for 

checking the Aural Transmitter input 
level. Normally the meter will indicate 
peaks in the neighborhood of 0 for 100 
percent modulation with the switch VU 
set on the +4 VU scale when used with¬ 
out a limiter. The scale markings on the 
switch indicate the level of a test sig¬ 

nal in dbm for which the meter will 
read zero VU across a 600-ohm circuit. 

4M2 is a percent modulation meter as 
measured by the Aural Station Moni¬ 
tor. The modulation on the peaks should 
be as near 100 percent (±25 kc swing) 
as possible. 

The aural section can be interrupted 
anytime independently for station 
identification or local commercials by 
throwing the AURAL switch to LO¬ 
CAL and the LOCAL switch to either 
TT (Transcription) or MIC (Micro¬ 
phone) as desired. 

The approximate signal level on any 
aural line can be determined before 
switching into it by connecting into 
the monitoring load speaker system 
after the line level potentiometers have 
been properly adjusted with test sig¬ 
nals. A PGM gain control sets the out 
put level. Riding the level controls 
should never be necessary. Occasional 
readjustment of the level controls 
should maintain a satisfactory level for 
all four lines. 

4. MEASUREMENTS 
The following method is suggested 

for using the Calibration Monitor to 
measure input composite video signal 
levels. 

Step 1. Determine or adopt a nomi 
nal operating picture signal level at 
the point of switching, which is to be 
the standard for the station. Normally 
this lies between 0.5 volt and 2.5 volts. 
For example, using a 1.4 volt level, 
i.e., 1.0 volts picture plus 0.4 volts sync, 
the monitor bridging kiss is 5 1 so the 
nominal monitoring level would be 0.2 
volt picture plus 0.08 colt sync. 

Step 2. Calibrate the monitor so that 
the chosen monitoring amplitude from 
blanking to reference white (i.e., 0.2 
volt) is 10 percent. The blanking part 
of the calibration pulse is used as a 
marker. 

Step 3. To preset the level on an in¬ 
coming line, switch it into the monitor 
leaving the calibration pulse controls 
alone and disregard sync height. Adjust 
the line level until the white peaks run 
reasonably close to the established ref-
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erence white. The level of the white 
peaks in percent can also be set to cor¬ 
respond exactly with those at the pro¬ 
gram source by having an operator at 
the source “call peaks” in percent refer¬ 
ence white and adjusting the incoming 
signal level to match. 

Step 4. To measure white level on a 
video signal, adjust the percentage con¬ 
trol on the monitor so that the blanking 
part of the pulse matches the white 
peaks. Read the white level directly on 
the dial of the percentage control. This 
reading is in percent of reference white 
level, since the scale reading of 100 was 
chosen to represent 100 percent of ref¬ 
erence white. A typical value is about 
90. 

Step 5. Similarly, to measure black 
level on a video signal, adjust the cali¬ 
brator so that the blanking portion of 
the pulse matches the deflection level 
of the black peaks. Then read the black 
level on the scale of the calibrator in 
percent of reference white level. A 
typical value is about 10. 

Step 6. To measure sync height ad¬ 
just the calibrator so that the sync por¬ 
tion of the pulse matches blanking level. 
Read the sync height on the scale of 
the calibrator. A recommended RMA 
signal has a sync height of 40 percent 
of reference white. 

C. The following method is suggested 
for using the Calibration Monitor to 
measure the demodulated RF signals: 

Step 1. Calibrate the monitor so that 
100 percent corresponds to the ampli¬ 
tude from sync peak to zero modulation 
as indicated by the Demodulator, using 
the right hand scale on the monitor tube 
face. The sync part of the calibration 
pulse is used as the marker in this in¬ 
stance. 

Step 2. To measure white level on the 
demodulated signal, adjust the per¬ 
centage control on the monitor so that 
the sync part of the pulse matches the 
white peak. Read the white level di¬ 
rectly on the dial of the PERCENT¬ 
AGE control in percent of full modula¬ 
tion for which a scale reading of 100 
was chosen. A typical value for white 
level is 87.5 percent, corresponding to 
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the 12.5 percent of sync peak level 
marked on the right hand side of the 
waveform monitor scale. The RMA 
standard value is 12.5 percent ±2% 
percent of sync peak, i.e., 87 ',2 percent 
±2’» percent of full modulation. 

Step 3. To measure blanking level set 
the PERCENTAGE control so that the 
sync part of the pulse matches blank¬ 
ing level. Read the blanking level on 
the dial of the calibrator PERCENT¬ 
AGE control in percent of full modula¬ 
tion. The FCC standard value for 
blanking level is 25 percent of full 
modulation, which is equivalent to 75 
percent of sync peak level. 

D. The Calibration Monitor' may be 
used to monitor white level continu¬ 
ously on either a composite video or a 
demodulated RF signal. The calibra¬ 
tion marker pulse can be set to refer¬ 
ence white or to a desired percentage 
of reference white, as described previ¬ 
ously and permitted to ride steadily in 
the signal. Then the line level should be 
readjusted as required to match white 
peaks with the marker. If the demodu¬ 
lator appreciably compresses the whites 
in a demodulated RF signal, the mar k¬ 
ing pulse should be set to a correspond¬ 
ingly higher percent of full modulation, 
as read on the PERCENTAGE dial. 

E. Use of the marker pulse in pref¬ 
erence to the CR tube scales for check¬ 
ing levels has the special advantage of 
eliminating paralax and amplifier line¬ 
arity errors. 

12.4 Transmitter Control Circuits 

A good practical conception of the 
control circuits are mandatory for op¬ 
eration and emergency procedures (sec¬ 
tion 12.5). A number of different col¬ 
ored pilot lights are used in conjunction 
with the control functions to indicate 
either normal or abnormal operation 
of various portions of the transmitter 
to facilitate analysis of any malfunc¬ 
tioning. 

Contactors and relays which are the 
moving parts of the control circuits 
contain contacts which close or open 
circuits in either normally closed or 
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Figure 12.4A. Front View of Rectifier and Control Cubicle with access doors open. Type TT-10-A 
Television Transmitter. 

normally open position. Details of 
transmitter-type relays are included 
in section 12.6B under preventive main¬ 
tenance of such equipment. 

The location of supervisory light re¬ 
lays, overload relays, time delay relays, 
and rate-reclosure relay on the rectifier 
and control cubicle of the GE TT-10-A 
transmitter is illustrated in Fig. 12.4A. 
This transmitter was described in the 
preceding chapter and the readers’ un¬ 
derstanding is not complete without an 
analysis of the associated control cir¬ 
cuits described in the following para¬ 
graphs.* The importance of this an¬ 
alysis is emphasized in certain emer¬ 
gency procedures (section 12.5). 

1. GENERAL. Front-of-panel control 
is provided for the filament and low-

*Ctsy General Electric. 

voltage supplies. Adjustment of the 
high-voltage supplies is accomplished 
through changing taps on the two high-
voltage transformer primary windings. 

All relays and contactors, with the 
exception of overload relays and fila¬ 
ment interlock relays, operate from a 
115-volt transformer 2T2fi (Fig. 12.4B) 
with one side grounded. All relays with 
more than 115 volts on their terminals 
are located within the cubicles and are 
not accessible when the Transmitter is 
operating. 

The rear doors of all cubicles are 
equipped with suitable interlocks to re¬ 
move power from all power supplies. 
In addition, high-voltage grounding 
switches short the high-voltage sup¬ 
plies to ground and short-circuit the 
secondary windings of the high-voltage 
transformers. 
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Figure 12.4B. Elementary Diagram, Control Circuits of Type TT-10-A Television Transmitter, 
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Figure 12.4B. Elementary Diagram, Control Circuits of Type TT-10-A Television Transmitter. 
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Circuit protection is provided by di¬ 
rect-current overload relays and mag¬ 
netically-operated circuit breakers. A 
system of supervisory lights indicate 
the operation of the DC overload relays 
as well as certain other circuit condi¬ 
tions. 

Transmitter start-stop and plate on-
off push buttons are provided with in¬ 
ternal lights to indicate circuit status. 

The indicating light color selection 
is such that green always indicates 
ready. It shows that power is available 
and the starting sequence has been com¬ 
pleted up to that point. Red shows that 
the circuit is energized and is in opera¬ 
tion. White indicates an abnormal con¬ 
dition such as an overload, open door, 
etc. During normal operation only the 
red lights should be illuminated. 

Automatic power failure restart and 
plate overload reclosure with automatic 
reset is provided for both aural and 
visual sections. 
2K34, 2K35, 2K43, 2K44, and 3K11 

are DC operated relays. Other relays 
and contactors are AC operated. 

The transmitter start relay, 2K1, the 
low-voltage plate start relay, 2K11, the 
visual transmitter start relay, 2K15 
and the aural transmitter start relay, 
3K4, are latching type relays. When the 
latch-in coil is energized momentarily, 
the operating mechanism is held in the 
closed position by a mechanical latch¬ 
ing device. When the reset coil is ener¬ 
gized momentarily, the mechanical 
latching device is tripped, opening the 
relay. 

The reclosure relay 2K1(> is the cy¬ 
cling type. Each time the cycling coil 
is momentarily energized the relay ad¬ 
vances one step until the final step is 
reached. There are four stepping posi¬ 
tions. When the reset coil is energized, 
the relay returns to its starting posi¬ 
tion. 
Items having symbol numbers pre¬ 

fixed by 1, such as 1K301, are located 
in Visual Cubicle; those prefixed by 2, 
in Rectifier and Control Cubicle; those 
prefixed by 3, in Aural Cubicle. Sche¬ 
matic, Fig. 12.4B. 

2. CONTROL CIRCUIT COMPONENTS AND THEIR FUNCTION 

Component Name 

211 AIR supervisory light 

212 \ ISUAL DOOR supervisory 
light 

213 y ISUAL BIAS supervisory 
light 

214 VISUAL PA overload super¬ 
visory light 

215 VISUAL 3RD IPA overload 
supervisory light 

Function 

211 is energized when air interlock switch 
2S21 is open, preventing filament con¬ 
tactor 2K4 from operating. 

212 is energized when the rear door of 
either the Rectifier and Control Cubicle 
or Visual Cubicle is open preventing low-
power contactor 2K7 from operating. 

213 is energized when bias under-voltage 
relay 2K34 is not energized thus pre¬ 
venting application of plate voltage. It 
also indicates failure of bias voltage. 

214 is energized after each operation of 
visual PA DC overload relay 2K38. It in¬ 
dicates momentary abnormal cathode of 
visual PA. 

215 is energized after each operation of 
the visual 3RD IPA DC overload relay 
2K37. It indicates momentary abnormal 
cathode current of visual 3RD IPA. 
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Component Xa me Function 

216 

217 

218 

219 

2110 

2111 

2112 

2113 

2114 

2115 

2IS1 

2IS2 

VISUAL 2ND IPA overload 
supervisory light 

216 is energized after each operation of 
the visual 2ND IPA DC overload relay 
2K36. It indicates momentary abnormal 
cathode current of visual 2ND IPA. 

VISUAL HV overload super¬ 
visory light 

217 is energized after each operation of 
the visual high-voltage DC overload re¬ 
lay 2K35. It indicates momentary abnor¬ 
mal load on the high-voltage supply. 

RECLOSURE switch super¬ 
visory light 

ANTENNA supervisory 
light 

AURAL DOOR supervisory 
light 

AURAL BIAS superv.sory 
light 

AURAL HV overload super¬ 
visory light 

AURAL PA SCREEN over¬ 
load supervisory light 

218 is energized when the AUTO RE¬ 
CLOSURE circuit switch 2S25 is in the 
OFF position as a reminder that the 
plate reclosure circuit is inoperative. 

219 is energized after each operation of 
the antenna overload relay 2K39. It in¬ 
dicates abnormal VSWR on the trans¬ 
mission line at the output of the aural 
section. 

2110 is energized when the rear door of 
the Aural Cubicle is open, preventing 
low-power contactor 3K3 from operating. 

2111 is energized when bias undervoltage 
relay 3K11 is not energized preventing-
application of aural plate voltage. It in¬ 
dicates failure of the bias voltage. 

2112 is energized after each operation of 
the aural high-voltage DC overload relay 
2K44. It indicates momentary abnormal 
load on the high-voltage supply. 

2113 is energized after each operation of 
the aural PA screen DC overload relay 
2K43. It indicates momentary abnormal 
PA screen current. 

AURAL PA overload super¬ 
visory light 

2114 is energized after each operation of 
the aural PA DC overload relay 2K42. It 
indicates momentary abnormal cathode 
current of aural PA. 

AURAL IPA overload 
supervisory light 

2115 is energized after each operation of 
the aural 2nd IPA DC overload relay 
2K41. It indicates momentary abnormal 
cathode current of the aural 2nd IPA 

TRANSmitter STOP push 
button 

TRANSmitter START push 
button 

Momentary contact of 2IS1 energizes the 
reset coil of latch relay 2K1. 

Momentary contact of 2IS2 energizes the 
latch in coii of the latch relay. 
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Component Name 

2IS3 VISUAL PLATE ON push 
button 

2IS4 VISUAL PLATE OFF push 
button 

2IS5 AURAL PLATE ON push 
button 

2ISG AURAL PLATE OFF push 
button 

2IS7 Supervisory light RESET 
push button 

2K1 Transmitter start-stop 
latch relay 

2K2 Blower contactor 

2K3 Shut-down time-delay relay 

2K4 Filament contactor 

2K5 Visual filament time-delay 
relay 

2KG Visual filament time-delay 
bypass time-delay relay 

2K7 Visual low-power contractor 

2K11 Visual plate-on latch relay 

2K12 Visual plate contactor 

2K13 Visual plate step-start time-
delay relay 

Function 

Momentary contact of 2IS3 energizes the 
latch in coil of latch relay 2K11. 

Momentary contact of 21S4 energizes the 
reset coil of latch relay 2K11. 

Momentary contact of 2IS5 energizes 
latch in coil of latch relay 314. 

Momentary contact of 21SG energizes the 
reset coil of latch relay 3K4. 

Momentary contact of 2IS7 energizes su¬ 
pervisory light reset relay 2K19. 

2K1 energizes blower contactor 2K2 and 
filament contactor 2K4 when in latch po¬ 
sition. In reset position, it energizes shut¬ 
down time-delay relay 2K3. 

2K2 energizes the blower motor 2BM1. 

2K3 provides a 3-minute time delay in 
de-energizing the blower motor after the 
filaments have been de-energized. 

2K4 energizes all filament transformers. 

2K5 delays application of plate power for 
30 seconds after the application of fila¬ 
ment power. 

2K6 provides a 2-second delay in drop 
out of the filament time delay circuit 
should a momentary power failure occur. 
It permits instant re-application of plate 
power within this time. 

2K7 energizes the visual low-voltage sup¬ 
ply (+400 V) visual modulator supply 
(+300 V), modulator regulated supply 
(—300 and —405 V) and the visual bias 
supply. 

2K11 energizes plate contactor 2K12 
when in the latch position. 

2K12 energizes the visual high-voltage 
transformer. Interlocks de-energize the 
plate-on push button light and the plate 
step-start time-delay relay 2K13. 

2K13 provides one-second time delay for 
closing of step-start relay 1K301 after 
the plate contactor 2K12 is energized. 
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Component Name 

2K15 Plate reclosure auxiliary 
latch relay 

2K16 Plate reclosure relay 

2K17 Plate reclosure manual 
reset relay 

2K18 Plate reclosure automatic 
reset relay 

2K19 Supervisory light reset 
relay 

2K21 Sweep interlock relay 

2K22 Visual PA supervisory light 
relay 

2K23 Visual 3rd IPA supervisory 
light relay 

2K24 Visual 2nd IPA supervisory 
light relay 

2K25 Visual HV supervisory 
light relay 

2K26 Antenna supervisory light 
relay 

2K27 Aural HV supervisory light 
relay 

Function 

2K15 opens the plate contactor circuit of 
the section in which the overload relay 
operates and energizes the plate reclo¬ 
sure relay 2K16 whenever an overload 
relay operates the latch-in coil. 

2K16 operates through one latch position 
each time the auxiliary relay 2K15 op¬ 
erates, resetting 2K15 twice and remain¬ 
ing in lock-out position after the third 
operation. 

2K17 operates when either the aural or 
visual plate-on push button is depressed. 
It energizes the reset coil of the plate re-
closure relay 2K16. 

2K18 is energized when the plate redo 
sure relay is in 2nd or 3rd position. After 
ten seconds delay the contact closes ener¬ 
gizing the reset coil on the plate reclo¬ 
sure relay 2K16. 

2K19 de-energizes any supervisory light 
relay which has been scaled in by an 
overload relay operation; thus extin¬ 
guishing it. 

2K21 is energized when 1S395 is in 
SWEEP or SET MARKERS position. 
Contacts operate the aural plate off cir¬ 
cuit to prevent the possibility of the 
aural RF power damaging the visual 
sweep detector during visual circuit 
alignment. 

2K22 is energized by 2K38. It seals in 
energizing the visual PA supervisory 
light transformer 2T11. 

2K23 is energized by 2K37. It seals in 
energizing the visual 3rd IPA supervi¬ 
sory light transformer 2T12. 

2K24 is energized by 2K36. It seals in 
energizing the visual 2nd IPA supervi¬ 
sory light transformer 2T13. 

2K25 is energized by 2K35. It seals in 
energizing the visual HV supervisory 
light transformer 2T14. 

2K26 is energized by 2K39. It seals in 
energizing the antenna supervisory light 
transformer 2T17. 

2K27 is energized by 2K44. It seals in 
energizing the aural HV supervisory-
light transformer 2T20. 
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Component Name 

2K28 Aural PA screen supervi¬ 
sory light relay 

2K29 Aural PA supervisory light 
relay 

2K30 Aural IPA supervisory 
light relay 

2K33 Visual filament interlock 
relay 

2K34 Visual bias undervoltage 
relay 

2K35 Visual HV overload relay 

2K36 Visual 2nd IPA overload 
relay 

2K37 Visual 3rd IPA overload 
relay 

2K38 Visual PA overload relay 

2K39 Antenna overload relay 

2K41 Aural IPA overload relay 

2K42 Aural PA overload relay 

2K43 Aural PA screen overload 
relay 

2K44 Aural HV overload relay 

2S21 Air interlock switch 

2S22 VISUAL EMERGENCY 
START switch 

Function 

2K28 is energized by 2K43. It seals in 
energizing the aural PA screen super¬ 
visory light transformer 2T21. 

2K29 is energized by 2K42. It seals in 
energizing the aural PA supervisory 
light transformer 2T22. 

2K30 is energized by 2K41. It seals in 
energizing the aural IPA supervisory 
light transformer 2T23. 

2K33 is energized by the visual filament 
circuit. It prevents application of power 
to the filament time-delay relay 2K5 and 
interlocks the plate contactor circuit be¬ 
fore the filament circuit is energized. 

2K34 prevents the plate contactor 2K12 
from operating before the bias voltage is 
established. 

When energized, 2K35 opens the visual 
plate contactor circuit, operates the plate 
reclosure circuit, and energizes its asso¬ 
ciated supervisory light circuit. 

Same as for 2K35. 

Same as for 2K35. 

Same as for 2K35. 

2K39 energizes 2K15 which opens the 
plate contactor circuit of both the aural 
and visual sections. Also, it energizes its 
associated supervisory light circuit. 

When energized, 2K41 opens the aural 
plate contactor circuit, operates the plate 
reclosure circuit, and energizes its asso¬ 
ciated supervisory light circuit. 

Same as for 2K41. 

Same as for 2K41. 

Same as for 2K41. 

Located in the air duct, it is operated by 
air flow. It acts to prevent application of 
filament and plate power when there is 
insufficient air flow. 

Momentary contact of 2S22 by-passes 
filament time-delay relay 2K5, sealing in 
by-pass time-delay relay 2K6. This per-
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Component Name 

2S23 Rectifier- and Control 
and Cubicle door interlock 
2S24 switch 

2S25 PLATE RECLOSURE 
switch 

2S26 AURAL EMERGENCY 
START switch 

1K301 Visual high-voltage step¬ 
start relay 

1S302 Visual cubicle door inter¬ 
lock switch 

1S303 Visual cubicle door inter¬ 
lock switch 

3K1 Aural filament time-delay 
relay 

3K2 Aural filament time-delay 
by-pass time-delay relay 

3K3 Aural low power contactor 

3K4 Aural PLATE ON latch 
relay 

3K5 Aural plate contactor 

Function 

mits emergency application of plate pow¬ 
er in less than 30 seconds after a power 
failure. 

2S23 and 2S24 de-energize the low-power 
contactor 2K7 when the cubicle rear door 
is open and also operates the visual HV 
plate off circuit. 

When in the OFF position, it prevents 
the plate reclosure circuit from operating 
and energizes the reclosure switch super¬ 
visory light transformer 2T15. 

Momentary contact of 2S26 by-passes the 
filament time-delay relay 3K1 sealing in 
by-pass time delay-relay 3K2. This per¬ 
mits emergency application of plate pow¬ 
er in less than 30 seconds after a power 
failure. 

1K301 short-circuits the step-start re¬ 
sistors in series with the HV power sup¬ 
ply filter capacitors approximately one 
second after the plate contactor closes. 
This prevents a heavy charging surge 
through the rectifier tubes. 

1S302 de-energizes the low-power con¬ 
tactor 2K7 when the cubicle rear door is 
open. 

1S303 operates the visual HV plate off 
circuit when the cubicle rear door is open. 

3K1 delays application of plate power for 
30 seconds after the application of fila¬ 
ment power. 

3K2 provides a two-second delay in the 
drop out of the filament time-delay cir¬ 
cuit during a momentary power failure. 
It permits instant re-application of plate 
power within this time limit. 

3K3 energizes the aural low voltage and 
bias supplies. 

3K4 energizes the plate contactor, 3K5, 
when in the latch position. 

3K5 energizes the aural high-voltage 
transformer. It interlocks with the plate 
on push button light, the plate step-start 
time-delay relay, 3K6, and energizes the 
plate off push button light. 

• 545 



TV Transmitter Operation and Maintenance 

Component Name 

3K6 Aural plate step-start 
time-delay relay 

3K7 Aural high-voltage step¬ 
start relay 

3K9 Aural PA differential relay 

3K10 Aural filament interlock 
relay 

3K11 Aural bias undervoltage 

3K12 Reflectometer relay 

3S4 Aural cubicle door interlock 
switch 

3S5 Aural cubicle door interlock 
switch 

Function 

3KG provides a one-second time delay for 
closing of the step-start relay 3K7 after 
the plate contactor 3K5 is energized. 

3K7 short circuits the step-start resistors 
in series with the HV power supply filter 
capacitor approximately one second after 
the plate contactor closes. It prevents a 
heavy charging surge through the recti¬ 
fier tubes. 

3K9 operates by differential action due 
to excessive unbalance of the cathode 
currents of the aural PA tubes. When 
energized, it opens the aural plate con¬ 
tactor circuit, operates the plate reclo¬ 
sure circuit and energizes its associated 
supervisory light circuit. 

3K10 is energized by the visual filament 
circuit. It prevents the application of 
power to the filament time-delay relay 
3K1 and interlocks the plate contactor 
circuit before the filament circuit is ener¬ 
gized. 

3K11 prevents the plate contactor 2K12 
from operating before bias voltage is 
established. 

3K12 removes the plate voltage from the 
reflectometer amplifier when the plate 
contactor 3K5 is de-energized. This in¬ 
sures positive drop-out of the antenna 
overload relay 2K39 after the antenna 
overload condition appears. 

3S4 operates the aural plate off circuit 
when the cubicle rear door is open. 

3S5 de-energizes the low-power contac¬ 
tor 3K3 when the cubicle rear door is 
open. 

3. STARTING SEQUENCE 

Assuming that all circuit breakers on 
the Rectifier and Control cubicle are 
closed, the starting sequence is as fol¬ 
lows: 
Pressing the green TRANS START 

push button 2IS2 energizes the latch 
coil of relay 2K1 which mechanically 
latches in. 2K1 energizes blower contac¬ 
tor 2K2 applying power to the blower 
motor 2BM1, de-energizes the shut¬ 

down time-delay relay 2K3, de-ener¬ 
gizes the lamp in the green TRANS 
START push button, energizes the 
lamp in the red TRANS STOP push 
button, energizes the AIR supervisory 
light 211, and partially completes the 
circuit of the filament contactor 2K4. 
As soon as the blower motor comes up 
to speed and air flow is established, the 
ail- interlock 2S21 closes. The filament 
contactor is then energized through a 
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normally closed contact of 2K3, a nor¬ 
mally open contact of 2K2, a NO* con¬ 
tact of 2K1 and the air interlock switch. 
Power is then applied to all filaments 
and the AIR supervisory light is ex¬ 
tinguished. 

With filament power applied, the fila¬ 
ment interlocking relays 2K33 and 
3K10 for the v sual and aural sections 
are both energized. These in turn ener¬ 
gize the 30-second filament time-delay 
relays 2K5 and 3K1 as well as provid¬ 
ing interlocks in the main plate con¬ 
tactor circuits of each section. When 
the contacts of 2K5 and 3K1 close, the 
by-pass time-delay relays 2K6 and 3K2 
are energized c osing their contacts, the 
lamps in the green PLATE ON push 
buttons 2IS3 and 2IS5 are energized, 
the visual and aural BIAS supervisory 
lights 213 and 2111 are energized, the 
low-power contactors 2K7 and 3K3 are 
energized, and a source of power is pro¬ 
vided for operating the visual and aural 
PLATE ON latch relays 2K11 and 3K4. 

When the low-power contactors close, 
energizing all low-voltage power sup¬ 
plies, bias voltage is established in each 
section and the bias undervoltage re¬ 
lays 2K34 and 3K11 are energized. 
These close extinguishing the BIAS su¬ 
pervisory lights and provide interlocks 
in the main plate contactor circuits. 
Note that the BIAS supervisory 

lights are energized only when low-
power contactor 2K7 is closed and the 
bias undervoltages relay has not oper¬ 
ated. Also, the DOOR supervisory 
lights are energized only when the low-
power contactors are not energized be¬ 
cause of an open door interlock. 

Both the aural and visual sections 
are now ready for application of HV 
plate power by pressing the green 
PLATE ON push buttons 2[S3 and 
2IS5. These momentarily engage, ener¬ 
gizing the plate-on latch relays 2K11 
and 3K4, latching them in. Since the 
filament interlock relays 2K33 and 
3K10, bias undervoltage relays 2K34 
and 3K11, and low-power contactor 
3K3 are all energized, the closing of 

*Normally open. 

contacts on 2K11 and 3K4 completes 
the circuits to the main plate contac¬ 
tors 2K12 and 3K5. 

When the plate contactors close, pow¬ 
er is applied to the visual and aural HV 
plate transformers. The lamps in the 
green PLATE ON push buttons 2IS3 
and 2IS5 are extinguished. The lamps 
in the red PLATE OFF push buttons 
2IS4 and 2IS6 are energized. The step¬ 
start time-delay relays 2K13 and 3KC> 
are de-energized, and power is made 
available to energize the high-voltage 
step-start relays 1K301 and 3K7. Re¬ 
lays 1K301 and 3K7 were not ener¬ 
gized previously since 2K13 and 3K6 
were energized. However, approximately 
one second after 2K13 and 3K6 are de¬ 
energized, their time delay contacts 
close, energizing 1K301 and 3K7 com¬ 
pleting the application of HV plate 
power to both sections. 

4. STOPPING SEQUENCE 

A. PLATE OFF 

Depressing the red PLATE OFF 
push buttons 2IS4 and 2IS6 reverses 
the starting procedure; i.e., removes 
the HV plate power, extinguishes the 
lamps in 2IS4 and 2IS6, and energizes 
the lamps in the green PLATE ON 
push buttons 2IS3 and 2IS5. 

B. TRANSmitter STOP 

Depressing the red TRANSmitter 
STOP push button 2IS1 momentarily 
energizes the reset coil of 2K1 allow¬ 
ing it to fall out. When 2K1 is in the 
reset position, the filament contactor 
2K4 is de-energized removing filament 
power; the shut-dow i time delay relay 
2K3 is energized, and the contact on 
2K1 which energizes the blower con¬ 
tactor 2K2 during the start sequence is 
open. However, the blower contactor 
2K2 does not fall out since it is sealed 
in by a circuit through one of its own 
contacts and the time delay opening 
contact of 2K3. After 3 minutes time 
delay, the contact of 2K3 opens, de¬ 
energizing the blower contactor. The 
Transmitter is then returned to the 
off position. 
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5. AUTOMATIC RECLOSURE 

A. Two-Second Power Failure Re¬ 
start 

Using mechanical latch relays 
permits the Transmitter to automati¬ 
cally return to whatever operating con¬ 
dition preceded a failure of the main 
power supply. For momentary power 
failures of less than two seconds, by¬ 
pass time-delay relays 2K6 and 3K2 
permit instantaneous reapplication of 
high voltage. A mechanical escapement 
device delays the reclosure relay con¬ 
tacts from opening for two seconds 
after the relay coil is de-energized. 
These contacts are in shunt with the 
contacts of the filament time-delay re¬ 
lays maintaining the filament circuit 
during the two-second delay. If power 
is reapplied during this time the circuit 
remains sealed in and plate power is 
immediately re-established. Otherwise 
the filament time-delay relays 2K5 and 
3K1 will fall out reclosing only after 
a 30-second delay. 

B. Automatic Plate Overload Reclo¬ 
sure 

The visual main plate contact 
2K12, is energized through a series of 
relay contacts and contactor interlocks 
as follows; through 2K15, 2K38, 2K37, 
2K36, 2K35, 2K33, 2K34 and 2K11. 
Likewise the aural main plate contac¬ 
tor 3K5 is energized through contacts 
on 2K5, 2K44, 2K43, 2K42, 2K41, 3K9, 
3K3, 3K10, 3K11, 3S7 and 3K4. All of 
these must be closed in order to apply 
HV plate power to both the Aural and 
Visual sections. 
There are parallel connections in 

shunt with the contacts of 2K15 in the 
two series circuits described above. In 
the Aural this shunt circuit consists of 
a NC* contact of antenna supervisory 
light relay 2K6, and NC contacts of 
overload supervisory light relays 2K27, 
2K28, 2K29, and 2K30. In the Visual 
the shunt circuit consists of another 
NC contact of 2K26, and NC contacts 
of overload supervisory light relays 

*Normally closed. 

2K22, 2K23, 2K24, and 2K25. The pur¬ 
pose of these shunt circuits is to enable 
one plate reclosure circuit to operate 
independently for the Visual and Aural 
sections. 

In order to follow the operation of 
the overload circuits, assume an over¬ 
load condition causing excessive visual 
PA cathode current. Overload relay 
2K38 will operate. Contacts of 2K38 
open the coil circuit of the main plate 
contactor- 2K12, energize the PA super¬ 
visory light relay 2K22, and energize 
the latch coil of plate reclosure auxil¬ 
iary relay 2K15. As soon as 2K22 is en¬ 
ergized, one of its contacts seals it in 
and supervisory light 214 is energized 
indicating that an overload has oc¬ 
curred in the visual PA circuit. Relay 
2K22 and light 214 remain energized 
due to the seal-in contacts. The other-
contact on 2K22 (double throw) breaks 
the shunt circuit across the contact of 
2K15 that is in series with the coil of 
2K12. When it moves to the other posi¬ 
tion, it energizes the lamp in the red 
RESET push button 2IS7. 
When the latch coil of 2K15 was en¬ 

ergized, its contact, in series with 2K12, 
opened. With the shunt circuit across 
this contact also open, the circuit to the 
coil of 2K12 is broken and remains open 
keeping the HV plate power off in the 
Visual section and allowing the over¬ 
load relay 2K38 to return to normal 
position. 

When 2K15 is in the latch position, 
its contact, in series with the aural 
plate contactor 3K5, is also open. This 
does not however, remove power from 
the aural plate supply because the 
shunt circuit across this contact of 
2K15 has not been opened. 

A third contact on 2K15 actuates the 
automatic reclosure circuit and re-ap¬ 
plies plate power. When 2K15 moves 
to the latch position this contact closes 
and energizes the reclosure coil of the 
sequence relay 2K16 through the plate 
reclosure switch 2S25 and one of the 
contacts of 2K16. When 2K16 reclosure 
coil is energized a ratchet-cam mecha¬ 
nism moves to the second position. The 
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OCCO* contact is then closed, the 
CCCO** contact remaining closed. The 
third or instantaneous contact, which 
closes each time the reclosure coil of 
2K16 is energized, energizes the reset 
coil of 2K15 through the OCCO con¬ 
tact and one section of 2S25. Resetting 
2K15 closes its contact in series with 
2K12 completing the circuit and there¬ 
by reapplying visual plate power. 

If a second overload occurs the above 
operation will be repeated and the re¬ 
closure relay 2K16 will move to the 
third position and power will be re¬ 
applied a second time. 

A third overload will cause 2K16 to 
move to the fourth and last position. 
The OCCO contact is then in the open 
position preventing the reset coil of 
2K15 from being energized. 2K15 re¬ 
mains in the latch position preventing 
the reapplication of plate power. 

After the first and second overload 
when the OCCO contact of 2K16 is 
closed, the coil of the automatic reset 
relay 2K18 is energized. This time¬ 
delay relay energizes the reset coil of 
2K16 approximately 10 seconds after 
being energized. Operating the reset 
of 2K16 allows its sequence mechanism 
to move back to the starting position. 
Thus, if not more than two overloads 
have occurred in any 10-second interval 
the automatic reclosure circuit is auto¬ 
matically reset. Depressing either the 
visual PLATE ON push button 2IS3 
or the aural PLATE ON push button 
2IS5 energizes reset relay 2K17 through 
contacts on the plate on latch relays 
2K11 and 3K4. 2K17 energizes the reset 
coils of both 2K15 and 2K16. Thus the 
reclosure circuit is manually reset each 
time the PLATE ON control is operated. 

Operation of any of the other DC 
overload relays initiates the same se¬ 
quence of operation as described. The 
aural overload relays cause only the 
aural plate contactor to drop out just 
as the visual overload relays cause 
only the visual plate contactor to open. 
The plate reclosure circuit operates on 

*Open closed closed open. 
**Closed closed closed open. 

each section independently. However, 
the antenna overload relay 2K39 and 
antenna supervisory light relay 2K36 
are connected to cause both aural and 
visual sections to drop out in case of 
excessive VSWR on the transmission 
line. This is necessary in order to ex¬ 
tinguish any RF arcs which might occur 
and be maintained by power from either 
section alone. Contacts of 2K26 are in 
the shunt circuits across both sections 
of 2K15. Thus when 2K26 is energized 
by 2K39 and seals in, it breaks both 
shunt circuits so that operation of 2K15 
to the latch position opens the plate con¬ 
tactor circuits of both sections. 

6. SUPERVISORY LIGHT CIRCUITS 

Supervisory lights for AIR, VISUAL 
DOOR, VISUAL BIAS. RECLOSURE 
SWITCH, AURAL DOOR and AURAL 
BIAS illuminate only as long as the 
particular circuit condition which they 
indicate exists. All the remainder indi¬ 
cate momentary overload conditions and 
remain illuminated until the reset push 
button 2IS7 is depressed, operating 
2K19 to break their seal-in circuit. 
When any of the overload indicating 
lights are energized, the lamp in the 
red reset push button 21S7 is also ener¬ 
gized. Thus if only the red push button 
is illuminated, it indicates that one of 
the supervisory lights is burned out and 
needs replacement. 

When an overload condition existing 
in the Transmitter has caused three 
operations of the reclosure relay lock¬ 
ing it out, the plate contactor is de¬ 
energized, but the plate-on latch relays 
(either 2K11 or 3K4) are still in the 
latch position. Depressing the reset 
push button 2IS7 will cause the super¬ 
visory light relay to drop out, re-estab¬ 
lishing the shunt circuit across the con¬ 
tact of 2K15 re-energizing the plate 
contactor. Contacts on the reset relay 
2K19 energize the reset coils of 2K11 
and 3K4 only when their correspond¬ 
ing plate contactors are de-energized 
at the time that the reset push button 
is operated. 
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7. EMERGENCY STARTING 

EMERGENCY START push buttons 
2S22 and 2S26 permit by-passing the 
30-second time-delay relays 2K5 and 
3K1 when starting under emergency 
conditions. For example, assume that a 
power failure of long enough duration 
occurs that the automatic power failure 
restart circuit will not automatically 
reapply plate power. Under this condi¬ 
tion the rectifier tubes are still moder¬ 
ately hot and do not need the full 30-
second time delay. A good rule to fol¬ 
low is to allow as much heating time 
before operating the emergency start 
switch as the time off interval, to avoid 
long program delay. 

This circuit should not be used in nor¬ 
mal operation as severe damage may 
result to the rectifier tubes if plate 
power is applied without proper fila¬ 
ment heating time delay when the tubes 
are cold. 

12.5 Emergency Procedures 

The variety of corrective measures 
that might be called for in getting a 
transmitter back on the air or in clear¬ 
ing defective pictures is so great that 
a natural limitation is immediately 
placed upon the thoroughness of presen¬ 
tation in this section. The treatment is, 
therefore, very general in nature. 
The MOST IMPORTANT phase of 

meeting emergencies is in training the 
entire staff to be mentally prepared tor 
corrective procedures. Due to the com¬ 
plexity and unusual expense, complete 
standby transmitters for emergency use 
are a rarity in TV broadcasting. It is 
the duty of each individual operator to 
thoroughly study the technical aspects 
of his particular installation, and to 
prepare himself to analyze malfunction¬ 
ing equipment with a certain coolness 
and deliberateness. Such a psychologi¬ 
cal preparedness actually minimizes 
the time necessary to clear transmitter 
faults. Every station chief engineer or 
supervisory personnel should then con¬ 
duct classes during off-hours in which 
most likely and typical faults are simu¬ 
lated for observation of effect on meter 

readings, waveform and picture con¬ 
tent, etc. Transmitters that have been 
on the air over a period of one year will 
inevitably have certain pecularities 
which are revealed in case histories that 
should be available to all operators. 

Within a very few seconds after the 
occurrence of a fault the operator should 
be able to analyze the fault as being in 
one of the following general classes; 
control circuits or power supplies; 
video amplifiers used as incoming line 
amplifiers from studio or network, video 
modulator section, or radio frequency 
section. If trouble is in the sound, he 
would immediately place the possible 
source as either line amplifier from 
studio, modulator section of aural trans¬ 
mitter, or frequency multiplier and final 
RF stages. 

It is most helpful upon the first in¬ 
stant of trouble in picture or sound 
(or both) to observe the respective fre¬ 
quency and modulation monitors. THIS 
IS MOST IMPORTANT for the follow¬ 
ing reasons: 

(1) A picture, for example, may disap¬ 
pear from the picture monitor screen, 
yet still be transmitted over the air. In 
this instance the picture monitor itself 
is obviously at fault. If this should be 
the case, the modulation monitor show¬ 
ing the modulated RF envelope will be 
indicating as usual, and a spare pic¬ 
ture monitor is substituted for the de¬ 
fective one. 

(2) Assume that the picture disappears 
from the picture monitor. A quick 
glance at the modulation monitor shows 
no modulation taking place. At this 
time it is possible to get a preliminary 
idea as to possible trouble by observing 
the RF input indication to the frequency 
monitor. For example, in the monitor 
described in section 12.1, any deviation 
from normal RF input is indicated by 
a lamp. If this lamp indicates a fault in 
RF input level, the operator has a 
pretty fair hunch that most likely the 
trouble is in the RF portion of the 
transmitter. If the RF indication to the 
monitor is normal, the operator is suspi¬ 
cious of the video section which includes 
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stabilizing amplifier on incoming line, 
video amplifier or modulator stages in 
transmitter, or no incoming signed from 
the studio. This is quickly checked in 
most installations by a switch on the 
control panel which places a monitor 
across the incoming line terminations, 
output of stabilizing amplifier, or out¬ 
put of modulator stage in transmitter. 
Thus the signal may be “traced” in this 
manner to quickly isolate the faulty 
stage. 

In instances where the transmitter is 
removed from the air either by trip¬ 
ping of the overload relays or failure of 
a power supply, the above procedure is 
obviously unnecessary. Visual observa¬ 
tion of the transmitter rectifier tubes, 
overload relay indicators and meters 
is the initial act of the operator. He 
then mentally analyzes the evidence and 
decides what is necessary to place the 
unit back in operation. Overload relays 
or thermal switches may have to be 
re-set. If this results in another quick 
shut-down of the transmitter, a fault 
exists which must be cleared before re¬ 
applying the high voltage. 

Sometimes visible or audible arcing 
occurs to give an indication of the gen¬ 
eral stage being overloaded. If not vis¬ 
ible, aural perception is usually suffi¬ 
cient to tell the operator which rear 
doors to open to observe for visible 
signs such as blackened spots on the 
frame next to a capacitor or high-volt¬ 
age terminal. Insulators must be ob¬ 
served for cracks or signs of break¬ 
down in this case, and high voltage leads 
to tubes or components examined for 
bad insulation. If the arcing cannot be 
located by either of the above methods, 
it is necessary to carry out an emer¬ 
gency procedure which must be exer¬ 
cised with the utmost of caution and 
preferably with another operator stand¬ 
ing by. 

This procedure is that of opening the 
rear doors of the suspected unit, strap¬ 
ping the interlock circuits for that 
cubicle closed, and applying high volt¬ 
age while the operator watches for the 
point of arcing. To do this it is simply 
necessary to jumper the proper terminal 

numbers associated with that particular 
door lock so that voltage may be ap¬ 
plied with the door open. For example, 
on the schematic of Fig. 12.4B, the door 
interlock 1S303 completes the circuit 
from terminal board numbers 1TB9-1 
to 1TB9-2. Thus the operator- would 
jumper (with a temporary clip lead a 
number of which should always be 
handy) terminals 1 and 2 of terminal 
board 1TB9. THIS IS AN EMER¬ 
GENCY PROCEDURE and is never 
done except when absolulely necessary. 
The operator should be so familiar 

with the control circuit diagram that 
he may locate such terminal numbers 
with the minimum of delay when neces¬ 
sary to look at the diagram for such 
emergency procedures. For example it 
would be entirely possible for the con¬ 
tacts on a time-delay relay to open up, 
either from faulty adjustment, dirt or 
corrosion between contacts, or faulty 
relay itself. This would be indicated by 
some light usually on the control panel 
designated (for example) as READY. 
This means that the time delay interval 
has expired when first turning the 
transmitter on, and the high voltage 
circuit is capable of being energized 
when the operator is “ready.” If this 
light should go out, the time-delay relay 
would be one possible cause, and the 
operator should be able to locate the 
proper terminal board numbers to 
jumper for this emergency. This, of 
course, is only one example of many 
possibilities. 

Overloads which trip the “AC Over¬ 
load” indicators are usually caused by 
mercury-vapor rectifiers “arcing back” 
from faulty tubes. Many transmitters 
employ “arc-back” indicators on each 
rectifier tube which indicate this re-
verse-firing condition so that that par¬ 
ticular tube may be replaced. If such 
indicators are not used, it is wise to 
replace the entire complement of mer¬ 
cury vapor tubes with rectifiers known 
to be good, preheated and air-tested. 
Proper preventive maintenance pre¬ 
vents this occurrence and is discussed 
under section 12.6A to follow. 
Some transmitters have “built-in” 
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emergency provisions for such occur¬ 
rences as improper clamping of signals 
in the video modulator section. It should 
be recalled that this is the case in the 
GE TT-10-A described in the previous 
Chapter. Several different types of 
trouble may cause the modulator to stop 
functioning in its normal clamped man¬ 
ner. One instance is an input signal 
from the studio that is defective in 
certain particular ways. Another in¬ 
stance is failure of some of the tubes or 
components in the sync operating and 
pulse forming part of the modulator. 

It should be noted, for example, from 
the previous description of the GE 
TT-10-A transmitter, that AS LONG 
AS THE FAILURE DOES NOT IN¬ 
VOLVE THE VIDEO AMPLIFIER 
STAGES IN THE TRANSMITTER, 
operation may be resumed in the man¬ 
ner designated as emergency operation. 
This is outlined by General Electric as 
follows: 

(1) If the input sync voltage is too low, 
there will not be enough sync to be 
properly separated and keying pulses 
will be formed in an erratic manner. 
Note that lack of sufficient input sync 
voltage results from either too low a 
total peak-to-peak composite signal in¬ 
put (considerably below one volt) or 
too low a sync percentage even though 
the peak-to-peak value of the composite 
signal is one volt or greater. (GE spec¬ 
ifications call for at least 10% sync at 
any input voltage over one volt). 

(2) If the incoming signal has back 
porches narrower than standard, or 
split pulses resulting in narrow slots in 
the sync going down to black, normal 
operation will not be obtained. Note 
that certain other types of defective 
signals such as poor low frequency re¬ 
sponse or hum are improved by the 
clamp operation of the modulator. 

In the above transmitter if such a 
failure occurs, the modulator- may be 
switched to EMERGENCY OPERA¬ 
TION. In this change, simple diode DC 
insertion on sync peaks is substituted 
for the back porch clamp type of nor¬ 
mal operation. The switch from normal 

to emergency operation is accomplished 
by changing the two 6AL5 diodes from 
their NORMAL to their EMERGENCY 
sockets as indicated by the front panel 
marking on the modulator. The switch 
is left in its CLAMP position. Re¬ 
adjustment of the RF GAIN, SYNC 
and VISUAL PGM controls on the con¬ 
trol panel will be required. 
On EMERGENCY OPERATION, the 

two stages where the diodes are used 
for DC insertion are being operated far 
outside of the normal grid resistance 
ratings of the tubes. Therefore it is 
recommended that the EMERGENCY 
condition be used no longer than abso¬ 
lutely necessary. It is necessary to re¬ 
pair whatever caused the switch, and 
return to CLAMP operation as soon as 
possible. 

Troubles in rf stages of transmitters 
may generally be isolated by observing 
the meter readings of the individual 
stages. For example the stage nearest 
the oscillator showing lack of proper 
grid current indicates insufficient drive 
from the preceding stage, or a defec¬ 
tive tube or component in the observed 
circuit. Tubes are always the first to be 
suspected in a malfunctioning stage. 

A word of caution is in order at this 
point. When first placing a transmitter 
on the air at the start of operations, 
and during preliminary overall checks 
on the sideband analyzer or waveform 
indicator, an indication of complete de¬ 
tuning result from a defective 
sweep generator or indicating device. 
Should the RF waveform be defective, 
yet all meters are indicating “on the 
nose,” the operator should first check 
his test equipment before suspecting 
the transmitter. This is done by check¬ 
ing the output trace of the sweep gen¬ 
erator on a known-to-be-good oscillo¬ 
scope. If the traces are normal at the 
terminations and inside the sweep gen¬ 
erator, and the RF waveform is defec¬ 
tive as displayed on the substitute 
scope, the trouble may be assumed to 
be in the RF stages of the transmitter. 
Most generally, this results in abnormal 
meter reading on the rf stages. 
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'I’he same thinking should be observed 
if, at any time during the operating 
day, the frequency meter for either 
visual or aural transmitter should indi¬ 
cate a frequency outside the authorized 
deviation. Remember that the station 
monitor is a “secondary standard,” and 
before suspecting the transmitter, the 
frequency monitor itself must be ascer¬ 
tained to be in proper working order. 
This may be done only by checking 
with a “commercial primary standard 
frequency measuring service” author¬ 
ized by the FCC. When the station 
monitor has been calibrated against this 
primary standard, as it should be when¬ 
ever its operation is suspected, then the 
transmitter may be adjusted accord¬ 
ingly. The monitor is usually checked 
with such service once a month as a 
part of routine maintenance proce¬ 
dures. 

Push-pull tubes in RF linear ampli¬ 
fier stages should have their plate or 
cathode currents balanced within 10%. 
When an unbalance greater than this 
amount is revealed by meter readings, 
the thought immediately occurs as to 
whether this is caused by tubes, or com¬ 
ponents, in the stage. This is quickly 
settled by removing the RF drive tem¬ 
porarily. If the unbalance remains, the 
tubes should be suspected and replaced 
with balanced pairs. If the currents are 
balanced with removal of RF drive, the 
circuits should be suspected and ex¬ 
amined for the cause. For example, 
many RF stages use cathode or filament 
bypass capacitors. Should one of these 
capacitors be defective, currents would 
obviously be unbalanced with RF drive. 
If shorted, the currents would be un¬ 
balanced without or with RF drive, and 
cathode curren: meter reading would 
be abnormally low. If open, excessive 
tilt across the tops of the horizontal 
sync pulses would be observed from the 
output, whereas the waveform at the 
modulator would be normal. Unbalanced 
currents would also obviously be caused 
by defective bypasses such as screen or 
plate, bad connections, misaligned link 
couplers, etc. 
Since any emergency changing of 

tubes in the RF portion during the oper¬ 
ating day will affect to some degree the 
tuning of the stage, it is wise to try 
all the spare tubes in these stages dur¬ 
ing regular preventive maintenance 
schedules, and keep a record posted as 
to dial settings for proper tuning with 
these tubes. This saves the time of 
alignment that would otherwise be re¬ 
quired. The transmitter may then be 
exactly aligned with the proper test 
equipment after the close of the regular 
operating day. 

12.6 Preventive Maintenance Procedures 

The importance of a rigid preventive 
maintenance schedule at TV transmit¬ 
ters where standby units are an ex¬ 
treme rarity should now be obvious to 
all personnel. It remains to examine 
in detail the methods and procedures 
involved. 

General schedules may be outlined as 
follows: 

A. DAILY 

1. Throughout the operating day, in 
addition to recording 30 minute meter 
readings, make daily reports on any 
peculiarities in meter readings, time 
and duration of any abnormal wave¬ 
form observations, and any unusual de¬ 
viations in frequency deviation readings 
and water-temperature readings in 
water-cooled tubes. Record time and 
indicated circuits of overloads. 

2. After shutdown, investigate any of 
the peculiarities listed in (1). 

3. Immediately after shutdown, feel all 
components such as capacitors, induc¬ 
tors, transformers, relays, insulators, 
grid and anode connections of high-
power tubes for excessive heating. Get 
the “feel” habit to become familiar 
with normal operating temperatures. 
Feel blower motors. 

4. Should general abnormal high tem¬ 
peratures be revealed, check for cor¬ 
rect cabinet temperatures and check 
air-filters for cleanliness. Check cabinet 
temperature of air around all high volt¬ 
age rectifier tubes. 
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5. Check pressure in gas or dry-air 
filled transmission lines. 

6. Visually observe all components such 
as resistors, meter hands (for zero set), 
insulators, etc. Watch for blistering or 
discoloration on resistors. Watch all 
electrolytic capacitors for bulging sides 
or leaking insulation. Get the habit of 
observing along with feeling for nor¬ 
mal appearance and operation. Cultivate 
the habit of smell to analyze any un¬ 
usual odors. 

B. WEEKLY (In addition to daily) 

1. Carry out overall alignment pro¬ 
cedures. This serves two purposes; to 
keep the operator familiar with the 
procedure, and to aid in observing any 
slight changes in stage-by-stage tuning. 
Realignment would be absolutely neces¬ 
sary about every two months for opti¬ 
mum transmitter results. 

2. Clean and polish all safety gaps. 

3. Dust off all surfaces. Use a small 
forced air stream in spaces not readily 
accessible with a rag and cleaning fluid. 
Thoroughly clean and polish all insula¬ 
tors with a rag and carbon tet. Inspect 
closely for cracks. Clean and inspect all 
terminal boards for tightness of con¬ 
nections. After dusting, clean entire 
transmitter with vacuum. 

4. Check blower motors and blower 
belts for proper tension. Inspect air 
filters and clean or replace if necessary. 
Check blower interlock switches for 
freedom of operation and cleanliness of 
contacts. See that oil level in blower 
motors is correct. 

5. Check all door interlocks and safety 
switches for proper operations. 

6. Check spare crystals to be sure they 
will operate properly in an emergency. 
At the same time check neutralization 
of stages by removing the crystal. 

C. MONTHLY (In addition to weekly) 

1. Remove and test all receiving type 
tubes with a good dynamic tester. Any 
tubes falling below 10% of their nor¬ 
mal transconductance value should be 
replaced. Be sure to check the new tube 

before installing! While the tubes are 
removed, thoroughly vacuum all sockets 
and check for tightness of socket wir¬ 
ing. Examine all grid caps and connec¬ 
tions. 

2. Clean and adjust all relay and con¬ 
tactor contacts. Watch for badly worn 
contacts and replace if necessary. Clean 
pole faces on contactors. 

3. Clean and polish all tuned line cir¬ 
cuit elements and connections. 

4. Clean all audio equipment including 
attenuators and switching contacts. 

5. Calibrate visual and aural transmit¬ 
ter frequency monitors with a primary 
standard frequency measuring service. 

6. Clean all monitoring equipment in¬ 
cluding switches. 

7. Clean, inspect and check for proper 
operation all automatic control equip¬ 
ment such as time-delay relays, over¬ 
load relays, etc. 
8. Where water-cooling systems are 
employed, check entire system for any 
visible signs of leaking and for elec¬ 
trical leakage. 

D. QUARTERLY (In addition to 
monthly) 

1. Check all filament voltages with an 
accurate voltmeter. 

2. Operate all spare mercury vapor 
rectifiers. Even though pre-heated and 
stored upright as they should be, a 15 
minute period of filament voltage only 
should be observed. Check for high volt¬ 
age operation and run for several hours 
before storing again in their upright 
containers. 

3. Operate spare high-level tubes for 
several hours at their normal ratings 
to prevent formation of gas within the 
envelope. This also serves to double¬ 
check their operation in case of emer¬ 
gency. 

4. Check all filter bank surge resistors 
(where used) with an ohmmeter. 

5. Check overall system performance 
as to picture resolution, waveform, 
aural noise and distortion, and keep 
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accurate records of tests. Any undue 
deviation from normal should be run 
down by stage isolation. 

In the following subsections, preven¬ 
tive maintenance hints for major com¬ 
ponents are given for that specific unit. 

12.6 A Tubes 

Some operators overlook the routine 
maintenance on receiving and trans¬ 
mitting type tubes that is possible to 
prolong their useful life and to prevent 
breakdown during the regular operat¬ 
ing day. Obviously all tube outages 
cannot be foreseen, but regular tube 
maintenance will minimize such emer¬ 
gency conditions. 

Preventive maintenance on receiving 
type tubes consists mainly in inspection 
of the glass or metal envelopes, grid 
caps and pins; inspection of the socket 
for cracks, dirt or wiring condition ; 
regular schedules of checking on a 
transconductance tube checker; and the 
cleaning or adjustment procedure re¬ 
quired to correct any fault. Tubes with 
loose grid caps and glass tubes loose 
at the base should be immediately re¬ 
placed. Spring clips that connect to the 
tubes grid cap must be examined for a 
tight fit and adjusted if necessary. 
Tube base pins must be straight and 
free from dirt o • other foreign matter. 
A clean dry cloth should be used to 
keep the envelopes clean, and sockets 
vacuumed at regular intervals with 
tubes removed. 

Cleanliness of high voltage transmit¬ 
ter type tubes is of utmost importance. 
High voltage leads and contacts have a 
habit of collect ng dust and dirt and 
must be cleaned often. The operator 
should cultivate the feel habit of grid 
and anode connections to become ac¬ 
quainted with normal operating tem¬ 
peratures. Also grid and anode termi¬ 
nals of tubes in the same stage should 
feel the same in operating temperature. 
Excessive heat usually indicates a 
faulty connection in grid or plate 
clamps, and proper tension must be 

*ctsy RCA Tube Division. 

maintained in all clamping and mount¬ 
ing devices. 
A tube popularly use ! n a number 

of VHF television transmitters is the 
RCA 8D21 water and air-cooled twin¬ 
tetrode illustrated in Fig. 12.6A(1). 
The operational and maintenance data 
on this tube follows.* 

The serial number which identifies 
each individual 8D21 and which should 
be used in any correspondence concern¬ 
ing the tube, is stamped on the struc¬ 
ture within the glass envelope between 
the plate terminals. Other numbers 
stamped externally in the tube are for 
purposes of manufacturing records 
only. 

F. : FILAMENT A 
° MOUNTING FLANGE 

G. : GRID No. 1 OF 
TR 1 TETRODE UNIT No. 1 

G. : GRID No.1 OF 
TR2 TETRODE UNIT NO.2 

G. : GRID no. 2 OF 
TETRODE UNITS NO.1 A NO.2 

PIB : PLATE OF 
1 TETRODE UNIT NO.1 

PTR : PLATE OF 
2 TETRODE UNIT NO.2 

Figure 12.6A. (1) Type 8D21 Tube. Courtesy RCA 
Tube Div. 
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In transportation and storage of the 
8D21, care should be taken to protect 
the tube from rough handling that 
would damage the metal-to-glass seals 
or other parts. The 8D21 is supported 
within its shipping container so that 
it will not come in contact with the 
sides of the container during shipment. 
It should be stored in the container 
with the plate terminals down and 
should be protected from moisture and 
extreme temperature changes. 

While the tube is being removed from 
its container, it should be lifted by 
grasping both filament-pipe assemblies 
near the mounting flange, or by grasp¬ 
ing one filament-pipe assembly and 
the grid-No. 2-pipe assembly near the 
mounting flange. Under no circum¬ 
stances should the 8D21 be handled by 
the grid-No. 1-pipe assembly. After the 
tube is removed from its container, it 
should be handled by the bulb or mount¬ 
ing flange. The weight of the 8D21 
packed for shipment is approximately 
12% pounds; unpacked, approximately 
4% pounds. 

It is recommended that the tube be 
tested upon receipt in the equipment 
in which it is to be used. Before the 
tube is placed in operation, any for¬ 
eign material clinging to it should be 
removed. After the tube has been tested 
and before it is placed in storage, its 
cooling pipes and the ducts in the tube 
electrodes should be blown free of wa¬ 
ter. Care should be taken to prevent 
any foreign matter from entering the 
cooling pipes at any time. As a safe¬ 
guard, it is recommended that during 
storage the 8D21 be completely en¬ 
closed in a container made of Pliofilm, 
or equivalent, and then sealed. 

Mounting of the 8D21 requires the 
use of a mechanism to engage the 
mounting flange and clamp it firmly to 
hold the tube in a horizontal position 
with the plane of the grid-No. 1 leads 
horizontal and below the horizontal 
plane of the plate leads. Care should 
be taken to prevent vibration from be¬ 
ing transmitted to the tube. Vibration 
of the tube and its associated circuit 

may cause undesired modulation of the 
signal output. Circuit elements adjacent 
to the tube terminals should put no 
strain on the terminals. 

Extreme care should be taken to as¬ 
sure that no strain is placed on the 
seals when connecting or disconnecting 
the water hoses and the electrical con¬ 
nections to the tube. Particular care 
must be exercised with the grid-No. 1 
seals. The grid-No. 1-pipe assembly 
should be supported with one hand 
while attaching or detaching the water 
hoses with the other. 

The water-cooling system consists, in 
general, of a source of cooling water, a 
feed-pipe system which carries the wa¬ 
ter to the filament blocks, the No. 1 
grids, the No. 2 grids, and the plates 
of the tube, and provision for inter¬ 
locking the water flow through each of 
the electrodes with the power supplies. 
When the plate is at high potential 
above ground, the feed-pipe system 
should have good insulating qualities 
and proper design to reduce leakage 
current to a negligible value. 

It is recommended that the water¬ 
cooling system be of the closed type 
utilizing distilled water to prevent the 
possibility of scale formation and cor¬ 
rosion, both of which can be expected 
with tap water. Scale not only restricts 
water flow but prevents proper trans¬ 
fer of heat from the tube electrode to 
the cooling water, while corrosion may 
destroy the electrodes and pipes. The 
water-supply system should be capable 
of supplying at least 2 gallons per min¬ 
utes at a pressure of C>0 pounds per 
square inch at the tube. 

A strainer should be provided in the 
water supply line to the tube in order 
to trap any foreign particles likely to 
impair the water flow through the tube 
pipes. It is suggested that a strainer 
with an 80-mesh screen (0.005" open¬ 
ings) be used. 

Proper functioning of the water-cool¬ 
ing system is of the utmost importance. 
Even a momentary failure of the water 
will damage the tube. In fact, without 
cooling water, the heat of the filament 
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alone is sufficient to cause serious harm. 
It is, therefore, necessary to provide a 
method of preventing operation of the 
tube in case the water supply should 
fail. This is done by the use of water¬ 
flow circuit breakers or interlocks which 
open the power supplies when the flow 
through any electrode is insufficient or 
ceases. The water flow must start be¬ 
fore application of any voltages and 
preferably should continue for several 
seconds after removal of all voltages. 
The use of an outlet water ther¬ 

mometer and a water flow’ meter at each 
of the outlets is recommended. Under 
no circumstances should the tempera¬ 
ture of the water from any outlet ever 
exceed 70°C. 

If occasion arises where any of the 
cooling pipes becomes clogged, the tube 
should preferably be removed from the 
circuit before attempting to dislodge 
the foreign material. Then, use water 
or compressed air at a pressure not ex¬ 
ceeding 100 pounds per square inch to 
try to dislodge the foreign material in 
a direction opposite to that of the nor¬ 
mal water flow through the clogged 
pipe. If compressed air is not available, 
compressed gases, such as nitrogen or 
oxygen, may be used provided the pres¬ 
sure is limited to 100 pounds per square 
inch. Should this procedure fail to clear 
the pipe, write Adjustment Dept., Radio 
Corporation of America, Harrison, 
N. J., for instructions, giving complete 
details. 

An approximate value of the plate 
dissipation may be calculated from the 
following equation 

Pw.,„ = n(t„ — t,) X 250 
in which t, is the temperature of the 
cooling water at the inlet in degrees 
Centigrade, t„ s the temperature of the 
water at the outlet in degrees Centi¬ 
grade, and n is the number of gallons 
per minute of flow. 
An air-cooling system, interlocked 

with the pow’er supplies, is required to 
cool the glass envelope of the 81)21. 
This system consists of a blower and 
an air duct having a 2"-diameter noz¬ 
zle. The air flow from the nozzle should 

not be less than 40 cubic feet per min¬ 
ute, and should be directed at the plate 
end of the tube so as to cool the area 
between the plate seals as well as the 
sides of the glass envelope. The tem¬ 
perature of the seals and of the bulb 
should not exceed 150°C at the hottest 
point. The temperature of the plate 
seals and of the bulb may be measured 
either with a thermocouple or with 
temperature-sensitive paint, such as 
Tempilac. The latter is made by the 
Tempil Corporation, 132 West 22nd 
Street, New’ York, N. Y., in the form 
of liquid and stick, and is stated by the 
manufacturer to have an accuracy of 1 
percent. 
The air-cooling system should be 

electrically interconnected with the fila¬ 
ment and high-voltage supplies to pre¬ 
vent the application of voltages to the 
tube w’ithout air cooling. The air flow 
must start with the application of plate 
voltage, and may be removed simulta¬ 
neously with removal of the plate volt¬ 
age. Precautions should be taken to in¬ 
sulate the air-cooling system from the 
tube or circuit parts which may be at 
high potential. 

The thoria-coated filament in the 
81)21 is of the multi-strand type and 
is designed for DC or single-phase AC 
operation. The filament is arranged so 
that the strands in one leg furnish the 
electron emission for one tetrode unit, 
while those in the other leg furnish 
electron emission for the other tetrode 
unit. The strands of each leg are re¬ 
cessed in slots in a focusing block 
through which water is circulated by 
means of tw’o water pipes. These two 
pipes are electrically and mechanically 
connected together by a lug which 
serves as the terminal for one leg of the 
filament. Similarly, the two pipes for 
the other block are connected together 
by a lug which serves as the terminal 
for the other leg of the filament. 

The filament connectors should make 
firm, large-surfaced contact with the 
filament lug terminals in order to pre¬ 
vent heating by the high filament cur¬ 
rent. The filament-connection leads 
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should not be taut, but should allow 
for some movement in order to prevent 
placing any strain on the filament pipes. 

The filament of the 8D21 should be 
operated at constant voltage rather 
than constant current and must be al¬ 
lowed to reach normal operating tem¬ 
perature before plate and screen volt¬ 
ages are applied. The filament heating 
time is about 5 to 10 seconds depending 
on the type of filament starter em¬ 
ployed. A suitable voltmeter should be 
permanently connected directly across 
the filament lug terminals so that the 
filament voltage will always be known. 

Filament life of the 8D21 can be con¬ 
served by operating its filament at the 
lowest voltage which will give the de¬ 
sired power output. Because the fila¬ 
ment of this tube when operated at the 
tabulated value of 3.2 volts provides 
emission usually in excess of any re¬ 
quirements within ratings, it is recom¬ 
mended that the filament voltage be re¬ 
duced below 3.2 volts to a value that 
will give adequate but not excessive 
emission for any particular application. 
The proper operating value may be 
found by reducing the filament voltage, 
with normal modulation applied to the 
transmitter, until a reduction in output 
is observed. The filament voltage must 
then be increased by an amount equiva¬ 
lent to the maximum percentage regu¬ 
lation of the filament-voltage supply, 
and then further increased by about 0.1 
volt to allow for other variations. It is 
suggested that the adjustment proce¬ 
dure be carried out daily. However, if 
no significant changes in the operating 
voltage are found necessary, the ad¬ 
justment procedure can be scheduled 
less frequently. Good regulation of the 
filament voltage is in general economi¬ 
cally advantageous from the viewpoint 
of the tube life. 

During long or frequent standby pe¬ 
riods, the 81)21 may be operated at de¬ 
creased filament voltage to conserve 
life. It is recommended that the fila¬ 
ment voltage be reduced to 80 percent 
of normal during standby operation up 
to 2 hours; for longer periods, the fila¬ 
ment power should be turned off. 
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When direct current is used, the po¬ 
larity of the filament leads should be 
reversed every 500 hours of operation. 

A filament starter should be used to 
raise the filament voltage gradually in 
order to limit the high initial surge of 
current through the filament when the 
circuit is first closed. The starter may 
be either a system of time-delay relays 
cutting resistance or reactance out of 
the circuit, a high-reactance filament 
transformer, or a simple rheostat. A 
combination of the last two methods is 
usually most desirable. Regardless of 
the method of control, it is important 
that the filament current never exceed, 
even momentarily, a value of 220 am¬ 
peres. 

Circuit returns from the No. 1 grids, 
the No. 2 grids (connected together 
within tube and brought out to a single 
terminal), and plates should be made to 
the mounting flange or to filament ter¬ 
minal “B” which is electrically con¬ 
nected to the mounting flange. 
The grid-No. 2 (screen) voltage 

should be obtained from a source of 
good regulation. The plate voltage 
should be applied before or simultane¬ 
ously with the grid-No. 2 voltage; 
otherwise, with voltage on grid No. 2 
only, its current may be large enough 
to cause excessive grid-No. 2 dissipa¬ 
tion. A DC millammeter should be used 
in the grid-No. 2 circuit so that its cur¬ 
rent can be measured and the DC power 
input determined. 

The grid-No. 2 current is a very sen¬ 
sitive indication of plate-circuit loading 
and rises excessively (often to the point 
of damaging the tube) when the tube is 
operated without load. Therefore, care 
should be taken when tuning the 8D21 
circuit under no-load conditions to pre¬ 
vent exceeding the grid-No. 2 input rat¬ 
ing of the tube. 

The plate-supply lead common to both 
plates should be provided with a time¬ 
delay relay to delay application of 
plate voltage until the filament has 
reached normal operating temperature. 

Protective devices should be used to 
protect not only the plates but also the 
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No. 2 grids against overload. In order 
to prevent excessive plate-current flow 
and resultant overheating of the tube, 
the common ground lead of the plate 
circuits should be connected in series 
with the coil of an instantaneous over¬ 
load relay. This relay should be ad¬ 
justed io open the circuit breakers in 
the primary of the rectifier transformer 
at slightly higher than norma! plate 
current. The time required for the op¬ 
eration of the relay and circuit break¬ 
ers should be about 1/10 second and not 
more than 1/6 second. 

A protective device in the grid-No. 2 
supply lead should remove the grid-No. 
2 voltage when the DC grid-No. 2 cur¬ 
rent reaches a value slightly higher 
than normal. 

When an 8D21 is first placed in serv¬ 
ice, care should be taken to see that the 
water and air-cooling systems are 
functioning properly. The tube should 
then be operated without plate or 
screen voltage for 5 minutes at rated 
filament voltage. After this initial pre¬ 
heating schedule, the tube should be 
operated at approximately one-half the 
usual plate and screen voltage for 15 
minutes. Full plate and screen voltages 
may then be applied and the tube oper¬ 
ated under normal load conditions for 
a period of 1 hour or more. It is recom¬ 
mended that spare tubes be given the 
preheating and initial-operating treat¬ 
ment every 3 months. This p'-ocedure 
will insure that only good tubes are car¬ 
ried in stock. 

When a new circuit is tried or when 
adjustments are made, the plate voltage 
and the screen voltage should be re¬ 
duced to approximately one-half the 
rated values to prevent damage to the 
tube and associated apparatus. After 
correct adjustment has been made with 
the tube operating smoothly and with¬ 
out excessive heating of the cooling wa¬ 
ter or the glass bulb, the plate and 
screen voltage may be raised in steps 
to the desired values. Adjustments 
should be made at each step for opti¬ 
mum operation. 

The rated plate and screen voltages 
of the 8D21 are extremely dangerous 

to the user. Great care should be taken 
during the adjustment of circuits. The 
tube and its associated apparatus, espe¬ 
cially all parts which may be at high 
potential above ground, should be 
housed in a protective enclosure. The 
protective housing should be designed 
with interlocks so that personnel can¬ 
not possibly come in contact with any 
high-potential point in the electrical 
system. The interlock devices should 
function to break the primary circuit 
of the high-voltage supplies when any 
gate or door on the protective housing 
is opened, and should prevent the clos¬ 
ing of this primary circuit until the 
door is again locked. 

The above data on the 8D21 serves 
to give the reader an insight to the 
thought given to operation and mainte¬ 
nance of transmitter type tubes. 

Mercury vapor rectifier tubes should 
not be neglected in maintenance sched¬ 
ules. Unless proper precautions are 
taken, a major portion of lost airtime 
will be due to faulty rectifiers. These 
tubes should be observed whenever pos¬ 
sible during each operating day. A good 
mercury vapor rectifier is character¬ 
ized by a healthy clear blue glow. An 
unhealthy greenish-yellow color usually 
indicates a faulty tube or one which 
will soon cause trouble. 

Due to the importance of foreseeing 
such trouble, and due to the lack of 
familiarity of the average operator 
with testing methods of this type tube, 
the reader should become familiar with 
the maintenance procedure illustrated 
by Fig. 12.6A(2). Since cathode ray os¬ 
cilloscopes are common at TV trans¬ 
mitter installations, the operator may 
use this most accurate check conveni¬ 
ently. An isolation transformer of at 
least 300 volt-amp rating should be 
used and a series current limiting re¬ 
sistor of 50 ohms as shown. The mer¬ 
cury vapor rectifier tube is left in its 
regular socket with its regular plate 
cap connection removed. The secondary 
of the isolation transformer is then 
connected in series with the resistor to 
the rectifier plate, and the other lead 
connected to the filament center tap. 
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MERCURY VAPOR RECTIFIER 

A 50VOLT FIRING PEAK TELLS THE OPERATOR TO SUBSTITUTE A NEW MERCURY VAPOR RECT¬ IFIER. 

Figure 1 2.6A. (2) How to check a Mercury Vapor Rectifier. 

The vertical deflection plates of the os¬ 
cilloscope is connected directly across 
the tube in the same manner. With the 
scope self-synchronized with the 60 
cycle power line and power applied to 
the filament of the tube being checked, 
the scope pattern will show the AC half 
of the non-conducting cycle and the con¬ 

ducting half which gives the DC poten¬ 
tial. The sharp peak at the start of con¬ 
duction reveals the tubes condition un¬ 
der operating conditions. A good tube 
will fire at between 10 and 20 volts as 
indicated by the amplitude of this peak 
on a calibrated screen. A tube ap¬ 
proaching the end of its useful life will 
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require a higher firing voltage and will 
break into conduction later in the con¬ 
ducting interval. When this breakdown 
peak reaches from 30 to 40 volts, the 
tube must be tested at more frequent in¬ 
tervals, preferably once a week. When 
this firing peak reaches close to 50 volts, 
the tube must be replaced with a new 
rectifier. Operators following this pro¬ 
cedure will greatly minimize the time 
lost by rectifier arc-backs and otherwise 
defective tubes. Always remember that 
mercury vapor rectifiers must have 
their filaments operated at normal volt¬ 
age for a minimum of 30 minutes, then 
stored UPRIGHT to prevent the mer¬ 
cury from splashing back on the en¬ 
velope and elements. Tubes which have 
been accidentally jarred must again be 
pre-heated before application of the 
anode potential. 

12.6B Contactors, Relays and Switches 

A number of contactors and relays 
are used in transmitters to provide au¬ 
tomatic or remote control closing and/ 
or opening of various electrical circuits. 
The term “switch” is usually confined 
to manually operated assemblies which 
open and/or close circuits by manual 
operation. 

Relays are found in two basic types; 
front-connected open type and rear-
connected types solidly enclosed in dust¬ 

proof cases. In addition to this basic 
classification, a large variety of opera¬ 
tional functions are encountered, such 
as normally-closed, no'mally-open, and 
relays which break certain circuits 
upon “making” other circuits. An ex¬ 
ample of the latter is a relay which 
completes a circuit to a supervisory 
pilot light when not energized, and com¬ 
pletes a primary high-voltage circuit 
while opening the circuit to the pilot 
light when energized. Thus if this pilot 
light should start indicating during op¬ 
eration, the operator knows which relay 
has “dropped out” of operation. 

One basic type of relay is the West¬ 
inghouse Type SG Relay illustrated in 
Fig. 12.6B(1). Both open and enclosed 
types are shown. In either case the re¬ 
lay consists of four essential parts: 
core, yoke, armature and coil. The open 
type relay is normally supplied with 
two contacts and is shipped with both 
stationary contacts arranged to close 
when the relay is energized. However, 
either or both contacts can be converted 
quickly into a break contact merely by 
removing the screw which holds the 
stationary contact bracket and turning 
the bracket over. After tightening the 
screw, the contact bracket may be bent 
slightly with the fingers if necessary to 
change the back contact follow or align¬ 
ment. When the make contacts are 

Figure 12-6B. (1) Courtesy Westinghouse. 
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closed, the moving contact fingers 
should be deflected approximately 3/64" 
measured at the contacts, or slightly 
over 1/32" measured at the upper edge 
of the molded armature block. The as¬ 
sembly of the moving contact fingers 
on the armature block is arranged to 
provide spring follow with either make 
or break stationary contacts. The closed 
type relay is provided with two make 
and two break stationary contacts with 
the moving contacts common, and the 
open type relay may also be provided 
with such a contact arrangement for 
applications which require it. 

In examining relays of this type, ob¬ 
serve for the following details: 

1. Relay assembly for dirt, dust or 
other foreign matter. 

2. All connections for tightness. 

3. The coil for any signs of overheat¬ 
ing revealed by charred insulation. 

4. Coil and all wiring for defective in¬ 
sulation. 

5. Moving parts for freedom of travel 
and follow. 

6. Contacts for dirt, burns, pits or cor¬ 
rosion. 

7. Proper line-up and follow of con¬ 
tacts. Correct spacing. 

8. Contact springs for proper tension 
and function. 
Preventive maintenance of relays 

consists chiefly of cleaning the contacts 
with a strip of crocus cloth dipped in 
carbon tet. This operation should be fol¬ 
lowed by pulling a clean dry linen cloth 
between the contacts held lightly closed 
with the fingers. Never use emery cloth 
on relay contacts as abrasive granules 
may be left imbedded in the contact 
surfaces tending to raise contact resist¬ 
ance and to encourage a tendency to 
weld. Slightly pitted contacts should be 
cleaned with a fine file such as S# 
1002110. Contacts badly pitted should 
be replaced with new ones. Before any 
contact surfaces are worn to one-half 
their original thickness, they should be 
replaced. 

Time-delay relays take several forms 
operating upon different principles to 
obtain a delay in function, but one of 
the most common is the motor-type il¬ 
lustrated in the drawing of Fig. 12.6B 
(2). This is the Westinghouse type Tl) 
Timing Relay. The operator will find 
many different manufacturers of trans¬ 
mitters using Westinghouse type relays 
in the protective and control circuits. 
The Westinghouse type TD relay is 

an AC relay suitable for applications 
which require a time-delay of from 

normally open 
TOP 

Figure 12.6B. (2) Internal Connections of Westinghouse Six Terminal Type TO (Time Delay) Relay. 
Courtesy Westinghouse. 
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about five seconds to several minutes 
between the closing of an AC circuit 
and the closing or opening of a second 
circuit, either AC or DC, through the 
contacts of the relay. Many such appli¬ 
cations are found in transmitters. 

The relay should be mounted with its 
long dimension horizontal, so that the 
gear shafts are vertical and the motor 
terminals are at the top. It will not 
operate properly if mounted in any 
other position. If the circuit to which 
the motor of the relay is connected has 
a voltage higher than 240 volts AC, an 
external resistor is supplied with the 
relay. This should be mounted near the 
relay and connected in series with the 
motor circuit. 

The type TD relay consists of a small 
600 r.p.m. self-starting synchronous 
motor, a gear train, and a set of silver 
contacts of the bridging type. When the 
motor is de-energized the rotor rests in 
a position somewhat lower than the pole 
pieces of the stator. In this position 
the pinion on the rotor shaft is out of 
mesh with the gear on the countershaft 
which is mounted in the motor frame. 
When the motor is energized, the rotor 
is lifted by magnetic attraction and the 
pinion is brought into mesh with the 
gear. The pinion on the motor counter¬ 
shaft drives a train of three reduction 
gears. An arm pressed on the shaft of 
the last gear is used to operate the con¬ 
tacts. When the motor has operated to 
open or close the relay contacts, the 
arm on the last shaft strikes a stop 
and the motor stalls. However, the mo¬ 
tor can remain connected to the line 
without injury when stalled, and the 
locked rotor torque provides very good 
pressure on the closed contacts. 

A spiral spring fastened to the shaft 
of the last gear causes the arm to re¬ 
set to its initial position when the motor 
is de-energized. Since the pinion on the 
rotor shaft drops out of mesh when the 
motor is de-energized, the gear train 
ratio is reduced and the control spring 
will reset the arm very quickly. The 
time for maximum time-delay is less 
than 5% of the operating time. Be¬ 
cause of the inertia of the gear train 

the resetting time is not directly pro¬ 
portional to the operating time. Con¬ 
sequently, with a time-delay setting of 
about one scale division the resetting 
time may be about 10% of the closing 
time. 

An adjustable backstop for the arm 
on the last gear shaft is clamped be¬ 
tween the upper bearing plate of the 
gear train assembly and the bearing 
screw for the last shaft. A scale on 
the upper bearing plate is used in con¬ 
junction with an index line on the Mi¬ 
carta portion of the arm when it is de¬ 
sired to make an approximate setting 
of the relay. The motor will drive the 
arm over the entire scale travel in ap¬ 
proximately 1.5 minutes. Thus each of 
the ten small scale divisions corre¬ 
sponds to approximately 9 seconds. 
Where a very accurate setting is de¬ 
sired, the time imerval should be 
checked with a stop watch and the po¬ 
sition of the backstop adjusted for the 
exact time required. The backstop 
should be clamped securely by means 
of the bearing screw after the desired 
setting is obtained. 

For such applications as require a 
longer time-delay than 1.5 minutes, the 
TD relay can be supplied with a maxi¬ 
mum delay of approximately three min¬ 
utes. This is accomp ished by a change 
in the gearing of the motor only. The 
two styles of relays are identical in 
other respects. 

The TD relay may be found with sev¬ 
eral different contact arrangements. The 
contacts themselves are made of chem¬ 
ically pure silver. The four-terminal 
relay can be furnished with bridging 
contacts which are either opened or 
closed at the end of the time-delay. The 
six-terminal relay has one set of con¬ 
tacts which are opened after a time¬ 
delay and a second set which are closed 
a few seconds later. In this case a silver 
strip which is held bridged across the 
normally closed contacts by a spring is 
moved away from these contacts by the 
arm on the last gear shaft and is forced 
against the normally-open contacts. 
Therefore, the transition is not in¬ 
stantaneous, but depends upon the spac-
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ing between the two sets of contacts 
and upon the gear ratio. The spacing 
between the contacts can be varied a 
small amount by adding or removing 
washers between the heads of the con¬ 
tact screws and the mounting blocks. 
The six-terminal relay can be sup¬ 

plied with a set of contacts which are 
opened as soon as the motor is ener¬ 
gized and a second set which are either 
opened or closed at the end of the time¬ 
delay, but in this case the time-delay 
would not be adjustable. 
The minimum time-delay obtainable 

with the TE> relay with normally-open 
contacts only depends entirely on the 
minimum contact gap permissible. If 
the backstop is set so that the contact 
arm is one-half of a scale division from 
the contact-closed position, the contact 
gap will be approximately 1/16" and 
the time-delay will be about 4.5 seconds 
for the 1.5 minute relay. Because of the 
bridging type of contact used, there are 
two gaps in series in the contact cir¬ 
cuit, and the total gap in this case 
would be about 1/8". If the contacts are 
required to break only a small amount 
of current when the motor circuit is de¬ 
energized, the time-delay could be de¬ 
creased by a further reduction in the 
contact gap. 
The normally-open contacts of the 

type TD relay can be used to close cir¬ 
cuits carrying as much as 10 amperes at 
125 volts, either AC or DC. They will 
open such a circuit satisfactorily if AC, 
but should not be used to open a DC 
circuit carrying more than 1.5 amperes 
at 125 volts. The normally-closed con¬ 
tacts have less contact pressure than 
the normally-open contacts and should 
not be used to carry more than 5 am¬ 
peres. Because they open slowly, they 
should not be required to break more 
than 2.5 amperes at 125 volts AC or 
0.5 amperes at 125 volts DC.* 

All relays of any type, follower or 
plunger, should operate with a definite 
“snap” upon application of current to 
the operating coil. Friction resulting 

*Courtesy Westinghouse 

from dirt or other foreign matter, im¬ 
proper tension on contact spring arms 
or retaining springs, etc., must be reme¬ 
died at the first opportunity. 
Manually operated switches should 

also operate with a decided “snap.” The 
maintenance engineer soon becomes ac¬ 
customed to the “feel” and sound of 
switch action and is aware as to when 
replacement is desirable. Switch con¬ 
tacts should be kept clean by constant 
“wiping” action under operation, but 
this should be re-inforced by occasional 
cleaning with a clean rag and carbon 
tet. 

12.6C Antenna Systems 

Maintenance of antenna systems con¬ 
sists mainly of routine servicing of gas 
or dry-air dehydrating systems for gas¬ 
sing the coax lines, and testing the lines 
for leaks in gas should pressure be 
noted to drop at short intervals. 

Should it be apparent that gas leaks 
exist in the line, all terminals and line 
connectors should be coated with soapy 
water while the line is under normal 
gas pressure, and observed for the 
characteristic “soap buobles” which re¬ 
veal even slight amounts of gas leak¬ 
age. Lines which do not retain gas pres¬ 
sure well are liable to rapid deteriora¬ 
tion in feeding characteristics due to 
moisture and must be repaired as 
quickly as possible. 
Most manufacturers recommend that 

lines and connections be thoroughly 
checked and tightened at least once a 
year. 

12.6D Capacitors 

Capacitors in the high voltage, high-
level circuits should be given the “feel” 
treatment each night after shutdown to 
anticipate outage. The operator soon be¬ 
comes accustomed to the proper operat¬ 
ing temperature of large capacitors and 
can anticipate trouble in most instances 
by this procedure. Observation should 
be made for any signs of undue termi¬ 
nal strain, cracks, leaking cases, etc. 
Smaller capacitors should always be in¬ 
spected closely for physical appearance, 
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tightness of mounting and connections, 
etc. Electrolytics should be observed for 
bulging sides and other signs of break¬ 
down. 

12.6E General Components 

One of the primary functions of pre¬ 
ventive maintenance schedules is to 
keep ALL components CLEAN. New¬ 
comers are apt to minimize the im¬ 
portance of this item, but the old timers 
realize the utmost importance of a 
clean transmitter. Operation in the VHF 
and UHF spectrum makes this item ex¬ 
tremely important as compared to 
standard broadcast frequencies. 

In routine inspection procedures, note 
the appearance of all resistors. Blistered 
or- blackened cases are danger signs. 
Run periodic ohmmeter measurements 
on all important resistors and note any 
deviations over a period of time. Many 
outages may be prevented by this sim¬ 
ple precaution. 

Transformers should also be observed 
for any physical signs of deterioration. 
Feel the coil insulation at periodic inter¬ 
vals for any “softness” or charring 
tendencies. Adjustable transformers 
such as line voltage auto-transformers 
are particularly subject to troubles 
without good preventive maintenance. 
Examine the brushes at regular inter¬ 
vals and replace them with the type 
recommended by the manufacturer be¬ 
fore undue wear occurs. Test brush 
springs for tension and tightness of 
screws holding the brush springs. The 
brushes and commutator surfaces should 
be periodically cleaned with a strip of 
crocus cloth, and dusted with an air¬ 
stream followed by vacuuming. 
Remember that every maintenance 

schedule is extremely important, and 
that alertness and calm deliberation fol¬ 
lowed by positive action pays off with a 
minimum of operating-time emergen¬ 
cies. 
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Extracts from FCC Rales and Regulations 

Most Im portatif to TV Operators 

3.639 Changes in equipment and an¬ 
tenna system. Licensees of television 
broadcast statiors shall observe the fol¬ 
lowing provisions with regard to 
changes in equipment and antenna sys¬ 
tem : 

(a) No changes in equipment shall be 
made: 

(1) That would result in the emission 
of signals outside of the authorized chan¬ 
nel. 

(2) That would result in the external 
performance of the transmitter being in 
disagreement with that prescribed in 
this subpart. 

(b) Specific authority, upon filing for¬ 
mal application therefor (FCC Form 
No. 301 or such other form as is pro¬ 
vided therefor), is required for any of 
the following changes: 

( 1 ) Changes involving an increase or 
decrease in the power rating of the 
transmitters. 

(2) A replacement of the transmit¬ 
ters as a whole. 

(3) Change in the location of the 
transmitting antenna. 

(4) Change in antenna system, in¬ 
cluding transmission line. 

(5) Change in the power delivered to 
the antenna. 

(6) Change in frequency control and/ 
or modulation system. 

(c) Other changes, except as above 
provided for in this section or in the 
provisions of this subpart, may be made 
at any time without the authority of the 
Commission, provided that the Commis¬ 
sion shall be promptly notified thereof 
and such changes shall be shown in the 
next application for renewal of license. 

General Operating Requirements 

3.651 Time of operation, (a) All 
television broadcast stations will be li¬ 
censed for unlimited time operation. 
Each such station shall maintain a regu¬ 
lar program operating schedule as fol¬ 
lows : not less than 2 hours daily in any 
five broadcast days per week and not 
less than a total of 12 hours per week 
during the first 18 months of the sta¬ 
tion’s operation ; not less than 2 hours 
daily in any 5 broadcast days per week 
and not less than a total of 16 hours, 20 
hours and 24 hours per week for each 
successive 6-month period of operation, 
respectively; and not less than 2 hours 
in each of the 7 days of the week and 
not less than a total of 28 hours per 
week thereafter. “Operation” includes 
the period during which a station is 
operated pursuant to special temporary 
authority or during program tests, as 
well as during the license period. Time 
devoted to test patterns, or to aural pre¬ 
sentations accompanied by the inci¬ 
dental use of fixed visual images which 
have no substantial relationship to the 
subject matter of such aural presenta¬ 
tions, shall not be considered in comput¬ 
ing periods of program service. If, in 
the event of an emergency due to causes 
beyond the control of a licensee, it be¬ 
comes impossible to continue operation, 
the Commission and the Engineer in 
Charge of the radio district in which 
the station is located shall be notified 
in writing immediately after the emer¬ 
gency develops and immediately after 
the emergency ceases and operation is 
resumed. 
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(b) Noncommercial education television 
broadcast stations are not required to 
operate on a regular schedule and no 
minimum number of hours of operation 
is specified; but the hours of actual 
operation during a license period shall 
be taken into consideration in consider¬ 
ing the renewal of noncommercial edu¬ 
cational television broadcast licenses. 

(c) (1) The aural transmitter of a 
television station shall not be operated 
separately from the visual transmitter 
except for the following purposes: 

(1) For emergency “fills” in case of 
visual equipment failure or unscheduled 
and unavoidable delays in presenting 
visual programs. In such situations the 
aural transmitter may be used to advise 
the audience of difficulties and to trans¬ 
mit for a short period program material 
of such nature that the audience will be 
enabled to remain tuned to the station; 
for example, music or news accompany¬ 
ing a test pattern or other visual pre¬ 
sentation. 

(2) During periods of transmission 
of a test pattern on the visual transmit¬ 
ter of a television station, aural trans¬ 
mission shall consist only of a single 
tone or series of variable tones. During 
periods when still pictures or slides are 
employed to produce visual transmis¬ 
sions which are accompanied by aural 
transmissions, the aural and visual 
transmissions shall be integral parts of 
a program or announcement and shall 
have a substantial relationship to each 
other: Provided, That nothing herein 
shall preclude the transmission of a test 
pattern, still pictures or slides for the 
following purposes and periods: 
(I) To accompany aural announce¬ 
ments of the station’s program schedule 
and aural news broadcasts or news com¬ 
mentaries, for a total period not to ex¬ 
ceed one hour in any broadcast day. 

(II) To accompany aural transmissions 
for a period of time not to exceed fif¬ 
teen minutes immediately prior to the 
commencement of a programming 
schedule. 
Examples. (1) Duplication of AM or 

FM programs on the aural transmitter 

of a television station while the same 
program is broadcast on the visual 
transmitter (i.e., a “simulcast”) is con¬ 
sistent with this paragraph. 

(2) Duplication of AM or FM pro¬ 
grams on the aural transmitter of a 
television station while a test pattern 
is broadcast on the visual transmitter is 
not consistent with this paragraph, ex¬ 
cept for the specific purposes and pe¬ 
riods specified in paragraph (b) (2). 

(3) A travel lecture in which the 
words of the lecturer are broadcast 
simultaneously with still pictures or 
slides of scenes illustrating the lecture, 
and a newscast in which the words of 
the newscaster are broadcast simultane¬ 
ously with still pictures or slides of the 
news events, are examples of programs 
in which the aural and visual transmis¬ 
sions are integral parts of the same 
program having a substantial relation¬ 
ship to each other, within the meaning 
of paragraph (b) (2). Mood music un¬ 
related to the visual transmission is not 
consistent with this paragraph. 

(4) The broadcast of a test pattern 
accompanied by a musical composition 
for the purpose of demonstration, sale, 
installation or orientation of television 
receivers, or receiving antennas is not 
consistent with this paragraph. 

(5) Music accompanying the trans¬ 
mission of a test pattern upon which 
is visually imposed a moving text con¬ 
sisting of continuous program material, 
such as a running newscast or news 
commentary, is consistent with this 
paragraph. 

(6) Music accompanying the trans¬ 
mission of a test pattern upon which is 
visually imposed a clock indicating the 
time of day, or a text that is changed 
at spaced intervals, is not consistent 
with this paragraph. 

3.652 Station identification, (a) li¬ 
censee of a television broadcast station 
shall make station identification an¬ 
nouncement (call letters and location) 
at the beginning and ending of each 
time of operation and during the opera¬ 
tion on the hour. The announcement at 
the beginning and ending of each time 
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of operation shall be by both aural and 
visual means. Other announcements 
may be either aural or visual means. 
(b) Identification announcements dur¬ 
ing operation need not be made when to 
make such an announcement would inter¬ 
rupt a single consecutive speech, play, 
religious service, symphony concert, or 
any type of production. In such cases, 
the identification announcement shell 
be made at the first interruption of the 
entertainment continuity and at the 
conclusion thereof. 

3.653 Mechanical reproductions, (a) 
Each program, which consists in whole 
or in part of one or more mechanical 
reproductions, either visual or aural, 
shall be accompanied by an appropriate 
announcement to that effect either at 
the beginning or end of such reproduc¬ 
tion or at the beginning or end of the 
program in which such reproduction is 
used. No such announcement shall be 
required where a mechanical reproduc¬ 
tion is used for background music, 
sound effects, station identification, pro¬ 
gram identification (theme music of 
short duration i or identification of 
sponsorship of the program proper. 
(b) The exact form of identifying an¬ 
nouncement is not prescribed but the 
language shall be clear and in terms 
commonly used and understood. The 
licensee shall not attempt affirmatively 
to create the impression that any pro¬ 
gram being broadcast by mechanical 
reproduction consists of live talent. 

3.654 Sponsored programs, announce¬ 
ment. (a) In the case of each program 
for the broadcasting of which money, 
services, or other valuable considera¬ 
tion is either directly or indirectly paid 
or promised to, or charged or received 
by, any television broadcast station, the 
station broadcasting such program shall 
make, or cause to be made, an appro¬ 
priate announcement that the program 
is sponsored, paid for, or furnished, 
either in whole or in part. 
(b) In the case of any political pro¬ 
gram or any program involving the dis¬ 
cussion of public controversia’, issues 
for which any films, records, transcrip¬ 

tions, talent, scripts, or other material 
or services of any kind are furnished, 
either directly or indirectly, to a sta¬ 
tion as an inducement to the broadcast¬ 
ing of such program, an announcement 
shall be made both at the beginning and 
conclusion of such program on which 
such material or services are used that 
such films, records, transcriptions, tal¬ 
ent, scripts, or other material or services 
have been furnished to such station in 
connection with the broadcasting of 
such program: Provided, however, 
that only one such announcement may 
be made either at the beginning or con¬ 
clusion of the program. 

(c) The announcement required by 
this section shall fully and fairly dis¬ 
close the true identity of the person or 
persons by whom or in whose behalf 
such payment is made or promised, or 
from whom or in whose behalf such 
services or other valuable considera¬ 
tion is received, or by whom the mate¬ 
rial or services referred to in para¬ 
graph (b) of this section are furnished. 
Where an agent or other person con¬ 
tracts or otherwise makes arrange¬ 
ments with a station on behalf of an¬ 
other, and such fact is known to the 
station, the announcement shall dis¬ 
close the identity of the person or per¬ 
sons in whose behalf such agent is act¬ 
ing instead of the name of such agent. 

(d) In the case of any program, other 
than a program advertising commer¬ 
cial products or services, which is spon¬ 
sored, paid for or furnished, either in 
whole or in part, or for which material 
or services referred to in paragraph 
(b) of this section are furnished, by a 
corporation, committee, association or 
other unincorporated group, the an¬ 
nouncement required by this section 
shall disclose the name of such corpo¬ 
ration, committee, association or other 
unincorporated group. In each such 
case the station shall require that a list 
of the chief executive officers or mem¬ 
bers of the executive committee or of 
the board of directors of the corpora¬ 
tion, committee, association or other un¬ 
incorporated group shall be made avail-
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able for public inspection at one of the 
television broadcast stations carrying 
the program. 

(e) In the case of programs advertis¬ 
ing commercial products or services, an 
announcement stating the sponsor’s 
corporate or trade name or the name 
of the sponsor’s product, shall be 
deemed sufficient for the purposes of 
this section and only one such an¬ 
nouncement need be made at any time 
during the course of the program. 

3.660 Station license, posting of. The 
original of each station license shall be 
posted in the transmitter room. 

3.661 Operator requirements. One or 
more licensed radio-telephone first class 
operators shall be on duty at the place 
where the transmitting apparatus of 
each station is located and in actual 
charge thereof whenever it is being 
operated. The original license (or FCC 
Form No. 759) of each station operator 
shall be posted at the place where he is 
on duty. The licensed operator on duty 
and in charge of a television broadcast 
transmitter may, at the discretion of 
the licensee, be employed for other 
duties or for the operation of another 
station or stations in accordance with 
the class of operator’s license which he 
holds and by the rules and regulations 
governing such stations. However, such 
duties shall in nowise interfere with 
the operation of the broadcast trans¬ 
mitter. 

3.662 Inspection of tower lights and 
associated control equipment. The li¬ 
censee or permittee of any television 
broadcast station which has an antenna 
structure requiring illumination pur¬ 
suant to the provisions of section 303 
(q) of the Communications Act of 1934, 
as amended: 

(a) (1) Shall make an observation 
of the tower lights at least once each 
24 hours either visually or by observ¬ 
ing an automatic and properly main¬ 
tained indicator designed to register 
any failure of such lights, to insure that 
all such lights are functioning prop¬ 
erly as required; or alternatively. 

(2) Shall provide and properly main¬ 
tain an automatic alarm system de¬ 
signed to detect any failure of such 
lights and to provide indication of such 
failure to the licensee. 

(b) Shall report immediately by tele¬ 
phone or telegraph to the nearest Air¬ 
ways Communication Station or office 
of Civil Aeronautics Administration 
any observed or otherwise known fail¬ 
ure of a code or rotating beacon light 
or top light not corrected within thirt 
minutes, regardless of the cause of such 
failure. Further notification by tele¬ 
phone or telegraph shall be given im¬ 
mediately upon resumption of the re¬ 
quired illumination. 

(c) Shall inspect at intervals not to 
exceed three months all automatic or 
mechanical control devices, indicators 
and alarm systems associated with the 
tower lighting to insure that such ap¬ 
paratus is functioning properly. 

3.663 Logs, maintenance of. The li¬ 
censee or permittee of each television 
station shall maintain program and 
operating logs and shall require entries 
to be made as follows : 

(a) In the program log: 
(1) An entry of the time each sta¬ 

tion identification announcement (call 
letters and location) is made. 

(2) An entry briefly describing each 
program broadcast, such as “music,” 
“drama,” “speech,” etc., together with 
the name or title thereof and the spon¬ 
sor’s name, with the time of the begin¬ 
ning and ending of the complete pro¬ 
gram. If a mechanical reproduction, 
either visual or aural, is used, the entry 
shall show the exact nature thereof 
and the time it is announced as a 
mechanical reproduction. If a speech is 
made by a political candidate, the name 
and political affiliations of such speaker 
shall be entered. 

(3) An entry showing that each 
sponsored program broadcast has been 
announced as sponsored, paid for, or 
furnished by the sponsor; or that the 
broadcast is under the auspices of a 
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nonprofit educational organization other 
than the licensee or permittee. 

(4) An entry showing, for each pro¬ 
gram of network origin, the name of 
the network originating the program, 

(b) In the operating log: 
(1) An entry of the time the station 

begins to supply power to the antenna, 
and the time it stops. 

(2) An entry of the time the pro¬ 
gram begins ard ends. 

(3) An entry of each interruption to 
the carrier wave, its cause, and dura¬ 
tion. 

(4) An entry of the following each 
30 minutes: 

(I> Operating constants of last 
radio stage of the aural transmitter 
(total plate current and plate voltage). 

(II) Transmission line meter read¬ 
ings for both transmitters. 

(Ill) Frequency monitor- readings. 
(5) Log of experimental operation 

during experimental period (if regular 
operation is maintained during this pe¬ 
riod, the above logs shall be kept). 

(I) A log must be kept of all oper¬ 
ation during the experimental period. 
If the entries required above are not 
applicable thereto, then the entries shall 
be made so as to describe the opera¬ 
tion fully. 

(c) Where an antenna and antenna 
supporting structure (s) is required to 
be illuminated, the licensee or permittee 
shall make entries in the radio log as 
follows : 

(1) The time the tower lights are 
turned on and off each day if manually 
controlled. 

(2) The time the daily check of 
proper operation of the tower lights 
was made. 

(3) In the event of any observed or 
otherwise known failure of a tower 
light: 

(I) Nature of such failure. 
(II) Date and time the failure was 

observed, or otherwise noted. 
(Ill) Date, time and nature of the 

adjustments, repairs, or replacements 
that were made. 

(IV) Identification of Airways 
Communication Station (Civil Aero¬ 
nautics Administration) notified of the 
failure of any code or rotating beacon 
light not corrected within thirty min¬ 
utes, and the date and time such notice 
was given. 

(V) Date and time notice was given 
to the Airways Communication Station 
(Civil Aeronautics Administration) 
that the required illumination was re¬ 
sumed. 

(4) Upon completion of the periodic 
inspection required at least once each 
three months: 

(I) The date of the inspection and 
the condition of all uwer lights and 
associated tower lighting control de¬ 
vices, indicators and alarm systems. 

(II) Any adjustments, replace¬ 
ments, or repairs made to insure com¬ 
pliance with the lighting requirements 
and the date such adjustments, re¬ 
placements, or repairs were made. 

3.664 (a) Logs, retention of. Logs 
of television broadcast stations shall be 
retained by the licensee or permittee 
for a period of two years; Provided, 
however, that logs involving communi¬ 
cations incident to a disaster or which 
include communications incident to or 
involved in an investigation by the 
Commission and concerning which the 
licensee or permittee has been notified, 
shall be retained by the licensee or per¬ 
mittee until he is specifically authorized 
in writing by the Commission to destroy 
them; Provided further, that logs in¬ 
cident to or involved in any claim or 
complaint of which the licensee or per¬ 
mittee has notice shall be retained by 
the licensee or permittee until such 
claim or complaint has been fully satis¬ 
fied or until the same has been barred 
by statute limiting the time for the 
filing of suits upon such claims. 

(b) Logs, by whom kept. Each log 
shall be kept by the person or persons 
competent to do so, having actual 
knowledge of the facts required, who 
shall sign the log when starting duty 
and again when going off duty. The 
logs shall be made available upon re-
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quest by an authorized representative 
of the Commission. 

(c) Log form. The log shall be kept in 
an orderly manner, in suitable form, 
and in such detail that the data re¬ 
quired for the particular class of sta¬ 
tion concerned are readily available. 
Key letters or abbreviations may be 
used if proper meaning or explanation 
is contained elsewhere in the log. 

(d) Correction of logs. No log or por¬ 
tion thereof shall be erased, obliterated, 
oi- willfully destroyed within the pe¬ 
riod of retention provided by the rules. 
Any necessary correction may be made 
only by the person originating the entry 
who shall strike out the erroneous por¬ 
tion, initial the correction made, and 
indicate the date of correction. 

(e) Rough Logs. Rough logs may be 
transcribed into condensed form, but in 
such case the original log or memo¬ 
randa and all portions thereof shall be 
preserved and made a part of the com¬ 
plete log. 

3.665 Station inspection. The licen¬ 
see of a television broadcast station 
shall make the station available for in¬ 
spection by representatives of the Com¬ 
mission at any reasonable hour. 

3.666 Experimental operation. Tele¬ 
vision broadcast stations may (upon in¬ 
formal application) conduct technical 
experimentation directed to the im¬ 
provement of technical phases of opera¬ 
tion and for such purposes may utilize 
a signal other than the standard tele¬ 
vision signal subject to the following 
conditions: 

(a) That the licensee complies with 
the provisions of 3.651 with regard to 
the minimum number of hours of trans¬ 
mission with a standard television sig¬ 
nal. 

(b) That no transmissions are radiated 
outside of the authorized channel and 
subject to the condition that no inter¬ 
ference is caused to the transmissions 
of a standard television signal by other 
television broadcast stations. 

(c) No charges either direct or indirect 
shall be made by the licensee of a tele¬ 
vision broadcast station for the produc¬ 
tion or transmission of programs when 
conducting technical experiments. 

3.682 Transmission standards and 
changes, (a) Transmission standards. 
(1) The width of the television broad¬ 
cast channel shall be six megacycles 
per second. 

(2) The visual carrier shall be lo¬ 
cated 4.5 megacycles lower in frequency 
than the aural center frequency. 

(3) The aural center frequency shall 
be located 0.25 megacycles lower than 
the upper frequency limit of the chan¬ 
nel. 

(4) The visual transmission ampli¬ 
tude characteristic shall be in accord¬ 
ance with the chart designated as Fig. 
1.13B (Chapter 1). 

(5) For monochrome transmission 
the number of scanning lines per frame 
shall be 525 interlaced two to one in 
successive fields. The frame frequency 
shall be 30, the field frequency 60, 
and the line frequency 15,750 per sec¬ 
ond. 

(6) For color transmissions the 
number of scanning lines per frame 
shall be 405, interlaced two to one in 
successive fields of the same color. The 
frame frequency shall be 72, the field 
frequency 144, the color frame fre¬ 
quency 24, the color field frequency 48, 
and the line frequency 29,160 per sec¬ 
ond. 

(7) The aspect ratio of the trans¬ 
mitted television picture shall be 4 units 
horizontally to 3 units vertically. 

(8) During active scanning inter¬ 
vals, the scene shall be scanned from 
left to right horizontally and from top 
to bottom vertically, at uniform ve¬ 
locities. 

(9) A carrier shall be modulated 
within a single television channel for 
both picture and synchronizing signals, 
the two signals comprising different 
modulation ranges in amplitude, in ac¬ 
cordance with Fig. A-l. 

(10) A decrease in initial light in¬ 
tensity shall cause an increase in radi¬ 
ated power (negative transmission). 
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TELEVISION SYNCHRONIZING WAVEFORM 

DETAIL BETWEEN 6-6 IN ] AND 2 
APPLICABLE ONLY TQ RED FIELDS IN COLOR TRANSMISSION 

NOTE 
I - H- TIME FROM START OF ONE ..INE TO START 
OF NEXT LINE 

2-V-T ME FROM START OF ONE FIELD TO START 
OF NEXT FIELD 

3- LEANING AND TRAILING EDGES OF VERTICAL 
BLANKING SHOULD BE COMPLETE IN LESS 
THAN O.l H 

4- LEADING AND TRAILING 'SLOPES OF HORIZON¬ 
TAL BLANKING MUST BE STEEP ENOUGH TO 
PRESERVE MIN AND MAX VALUES OF (»»y) 
AND « i > UNDER ALL CONDITIONS OF PICTURE 
CONTENT 

*5- DIMENSIONS MARKED WITH AN ASTERISK INDI¬ 
CATE THAT TOLERANCES GIVEN ARE PERMIT¬ 
TED ONLY FOR LONG TIME VARIATIONS AND 
N0T FOR SUCCESSIVE CYCLES 

6- EQUALIZING PULSE AREA SHALL BE BETWEEN 
0.45 AND 0 5 OF THE ARE A OF A HORIZONTAL 
SYNC PUl Sf 

7 - COLOR PULSE AREA SHA-L æ BETWEEN 0 45 
AND 0 5 OF THE AREA OF A HORIZONTAL SYNC 
PU.Sf. 

8 - RE- ER TO TEXT FOR FURTHER EXPLANATIONS 
AND TOLERANCES 

Figure A-1. 
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(11) The black level shall be repre¬ 
sented by a definite carrier level, inde¬ 
pendent of light and shade in the pic¬ 
ture. 

(12) The pedestal level (normal 
black level) shall be transmitted at 75 
percent (with a tolerance of plus or 
minus 2.5 percent) of the peak carrier 
amplitude. 

(13) The level at maximum lumi¬ 
nance shall be 15% or less of the peak 
carrier level. 

(14) The signals radiated shall have 
horizontal polarization. 

(15) A radiated power of the aural 
transmitter not less than 50 percent nor 
more than 150 percent of the peak radi¬ 
ated power of the video transmitter 
shall be employed. 

(16) Variation of output. The peak-
to-peak variation of transmitter output 
within one frame of video signal due 
to all causes, including hum, noise, and 
low-frequency response, measured at 
both synchronizing peak and pedestal 
level, shall not exceed 5 percent of the 
average synchronizing peak signal am¬ 
plitude.* 

(17) Black level. The black level 
should be made as nearly equal to the 
pedestal as the state of the art will 
permit. If they are made essentially 
equal, satisfactory operation will re¬ 
sult and improved techniques will later 
lead to the establishment of the toler¬ 
ance if necessary.* 

(18) Brightness characteristics. The 
transmitter output shall vary in sub¬ 
stantially inverse logarithmic relation 
to the brightness of the subject. No 
tolerances are set at this time.* 

(19) The color sequence for color 
transmission shall be repeated in the 
order red, blue, green, in successive 
fields. 

3.687 Transmitters and associated 
equipment, (a) Visual transmitter. (1) 
The over-all attenuation characteristics 

* These items are subject to change but 
are considered the best practice under 
the present state of the art. They will 
not be enforced pending a further de¬ 
termination thereof. 

of the transmitter, measured in the an¬ 
tenna transmission line after the vesti¬ 
gial sideband filter (if used), shall not 
be greater than the following amounts 
below the ideal demodulated curve. (See 
Fig. A-2). 

2 db at 0.5 me 
2 db at 1.25 me 
3 db at 2.0 me 
6 db at 3.0 me 
12 db at 3.5 me 

The curve shall be substantially smooth 
between these specified points, exclu¬ 
sive of the region from 0.75 to 1.25 
me.1

(2) The field strength or voltage of 
the lower sideband, as radiated or dis¬ 
sipated and measured as described in 
subparagraph (3) of this paragraph, 
shall not be greater than —20 db for a 
modulation frequency of 1.25 me or 
greater.2

(3) The attenuation characteristics 
of a visual transmitter shall be meas¬ 
ured by application of a modulating 
signal to the transmitter input termi¬ 
nals in place of the normal composite 
television video signal. The signal ap¬ 
plied shall be a composite signal com¬ 
posed of a synchronizing signal to es¬ 
tablish peak output voltage occupying 
the interval between synchronizing 
pulses. The axis of the sine wave in the 
composite signal observed in the output 
monitor shall be maintained at an am-

1 Output measurement shall be made 
with the transmitter operating into a 
dummy load of pure resistance and 
the demodulated voltage measured 
across this load. The ideal demodu¬ 
lated curve is that shown in Fig. A-2. 

2 Field strength measurements are de¬ 
sired. It is anticipated that these may 
not yield data which are consistent 
enough to prove compliance with the 
attenuation standards prescribed 
above. In that case, measurements with 
a dummy load of pure resistance, to¬ 
gether with data on the antenna char¬ 
acteristics, shall be taken in place of 
over-all field measurements. The “syn¬ 
chronizing signal’’ referred to in these 
paragraphs means either a standard 
synchronizing wave form or any pulse 
that will properly set the peak. 
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ASSUMED IDEAL DETECTOR OUTPUT 

MODULATING FREQUENCY 
Megacycles 

Figure A-2. 

plituiie 0.5 of the voltage at synchro-
nizing peaks. The amplitude of the sine 
wave input shall be held at a constant 
value. This constant value should be 
such that at no modulating frequency 
does the maximum excursion of the sine 
wave, observed in the composite output 
signal monitor, exceed the value 0.75 
of peak output voltage. The amplitude 
of the 100-kilocycle sideband shall be 
measured and designated zero db as a 
basis for comparison. The modulation 
signal frequency shall then be varied 
over the desired range of the corre¬ 
sponding sidebands measured. As an 
alternate method of measuring, in those 
cases in which the automatic d-c in¬ 

sertion can be replaced by manual con¬ 
trol, the above characteristic may be 
taken by the use of a video sweep gen¬ 
erator and without the use of pedestal 
synchronizing pulses. The d-c level shall 
be set for midcharacteristic operation. 

(4) The radio frequency signal, as 
radiated, shall have an envelope as 
would be produced by a modulating 
signal in conformity with Figure A-l, 
as modified by vestigial sideband opera¬ 
tion. 

(5) The time interval between the 
leading edges of successive horizontal 
pulses shall vary less than one-half of 
1 percent of the average interval. 
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(6) The rate of change of the fre¬ 
quency of recurrence of the leading 
edges of the horizontal synchronizing 
signals shall not be greater than 0.15 
percent per second, the frequency to be 
determined by an averaging process 
carried out over a period of not less 
than 20, nor more than 100 lines, such 
lines not to include any portion of the 
vertical blanking signal. 

(7) Sufficient monitoring equipment 
shall be employed to determine whether 
the visual signal complies with the re¬ 
quirements of this subject. 

(b) Aural transmitter. (1) The trans¬ 
mitter shall operate satisfactorily with 
a frequency swing of "25 kilocycles, 
which is considered 100 percent modu¬ 
lation. It is recommended, however, that 
the transmitter be designed to operate 
satisfactorily with a frequency swing 
of at least ±40 kilocycles. 

(2) The transmitting system (from 
input terminals of microphone pream¬ 
plifier, through audio facilities at the 
studio, through telephone lines or other 
circuits between studio and transmitter, 
through audio facilities at the trans¬ 
mitter, and through the transmitter, 
but excluding equalizers for the correc¬ 
tion of deficiencies in microphone re¬ 
sponse) shall be capable of transmit¬ 
ting a band of frequencies from 50 to 
15,000 cycles. Pre-emphasis shall be 
employed in accordance with the im¬ 
pedance-frequency characteristic of a 
series inductance-resistance network 
having a time constant of 75 micro¬ 
seconds. 

(3) At any modulating frequency be¬ 
tween 50 and 15,000 cycles and at modu¬ 
lation percentages of 25 percent, 50 
percent, and 100 percent, the combined 
audio frequency harmonics measured 
in the output of the system shall not 
exceed the root-mean-square values 
given in the following table: 

Distortion 
Modulation frequency (percent) 
50 to 100 cycles . 3.5 
100 to 7,500 cycles . 2.5 

7,500 to 15,000 cycles . 3.0 

(I) Measurement shall be made 
employing 75 microseconds de-empha-
sis in the measuring equipment and 75 
microsecond pre-emphasis in the trans¬ 
mitting equipment, and without com¬ 
pression if a compression amplifier is 
employed. Harmonics shall be included 
to 30 kc.‘ 

(II) It is recommended that none 
of the three main divisions of the sys¬ 
tem (transmitter, studio to transmit¬ 
ter circuit, and audio facilities) con¬ 
tribute over one-half of these percent¬ 
ages since at some frequencies the total 
distortion may become the arithmetic 
sum of the distortions of the divisions. 

(4) The transmitting system output 
noise level (frequency modulation) in 
the band of 50 to 15,000 cycles shall be 
at least 55 db below the audio frequency 
level representing a frequency swing of 
±25 kc.2

(5) The transmitting system output 
noise level (amplitude modulation) in 
the band of 50 to 15,000 cycles shall be 
at least 50 db below the level repre¬ 
senting 100 percent amplitude modula¬ 
tion.2

(6) If a limiting or compression am¬ 
plifier is employed, precaution should 
be maintained in its connection in the 
circuit due to the use of pre-emphasis in 
the transmitting system. 

(7) A modulation monitor shall be 
in operation at the aural transmitter. 
The percentage of modulation of the 
aural transmissions shall be maintained 

1 Measurements of distortion using de¬ 
emphasis in the measuring equipment 
are not practical at the present time 
for the range 7,500 to 15,000 cycles for 
25 and 50 percent modulation. There¬ 
fore, measurements should be made at 
100 percent modulation and on at least 
the following modulating frequencies: 
50, 100, 400, 1,000, 5,000, 10,000 and 
15,000 cycles. At 25 and 50 percent 
modulation, measurements should be 
made on at least the following modu¬ 
lating frequencies: 50, 100, 400, 1,000 
and 5,000 cycles. 
2 For the purpose of these measure¬ 
ments, the visual transmitter should 
be inoperative since the exact amount 
of noise permissible from that source 
is not known at this time. 
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as high as possible consistent with good 
quality of transmission and good broad¬ 
cast practice and in no case less than 
85 percent nor more than 100 percent 
on peaks of frequent recurrence dur¬ 
ing any selection which normally is 
transmitted at the highest level of the 
program under consideration. 

(c) Requirements applicable to both 
visual ami aural transmitters. (1) 
Automatic means shall be provided in 
the visual transmitter to maintain the 
carrier frequency within one kilocycle 
of the authorized frequency; automatic 
means shall be provided in the aural 
transmitter to maintain the carrier fre¬ 
quency within four kilocycles of the as¬ 
signed aural carrier frequency or, alter¬ 
natively, 4.5 megacycles above the actual 
visual carrier frequency within five 
kilocycles. When required by 3.606, the 
visual and aural carrier frequencies are 
to be offset in frequency by 10 kilo¬ 
cycles (plus 04- minus, as indicated) 
from the normal carriel’ frequencies. 

(2) The transmitters shall be 
equipped with suitable indicating in¬ 
struments for the determination of 
operating power and with other instru¬ 
ments necessary for proper adjustment, 
operation, and maintenance of the 
equipment. 

(3) Adequate provision shall be 
made for varying the output power of 
the transmitters to compensate for ex¬ 
cessive variations in line of voltage or 
for other factors affecting the output 
power. 

(4) Adequate provisions shall be pro¬ 
vided in all component parts to avoid 
overheating at the rated maximum out¬ 
put powers. 

(5) Frequency monitors for the 
visual and aural transmitters, inde¬ 
pendent of the frequency control of the 
transmitters, shall be in operation at 
the transmitters. 

(6) In the event the visual monitor¬ 
ing equipment, the aural modulation 
monitor, or the visual or aural fre¬ 
quency monitor becomes defective, the 
station may be operated without such 
equipment per ding its repair or re¬ 

placement for a period not in excess of 
60 days without further authority of 
the Commission : Provided, That — 

(I) Appropriate entries shall be 
made in the operating log of the sta¬ 
tion to show the date and time the 
equipment was removed from and re¬ 
stored to service. 

(II) The Engineer in Charge of 
the radio district in which the station 
is located shall be notified both immedi¬ 
ately after the equipment is found to 
be defective and immediately after the 
repaired or replacement equipment has 
been installed and is functioning prop¬ 
erly. 

(Ill) During the period when the 
station is operated without the aural 
modulation monitor or the visual moni¬ 
toring equipment, the licensee shall pro¬ 
vide other suitable means for insuring 
that the aural modulation is maintained 
within the tolerance prescribed in para¬ 
graph (b) (7) of this section and that 
the visual signal is maintained in ac¬ 
cordance with the requirements of this 
subpart. 

(IV) During the period when the 
station is operated without the visual 
or aural frequency monitor, the respec¬ 
tive carriel- frequency shall be com¬ 
pared with an external frequency 
source of known accuracy at sufficiently 
frequent intervals to insure that the 
frequency is maintained within the 
tolerance prescribed in subparagraph 
( 1 ) of this paragraph. An entry shall 
be made in the station log as to the 
method used and the results thereof. 

(V) If conditions beyond the con¬ 
trol of the licensee or permittee prevent 
the restoration of the monitor or moni¬ 
toring equipment to service within the 
above allowed period, an informal re¬ 
quest in accordance with 1.332 (d) may 
be filed with the Engineer in Charge of 
the radio district in which the station 
is located for such additional time as 
may be required to complete repairs of 
the defective instrument equipment. 

(h) Spare tubes. (1) A spare tube of 
every type employed in the transmitters 
and the frequency and modulation moni-
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tors shall be kept on hand at the equip¬ 
ment location. When more than one 
tube of any type is employed, the fol¬ 
lowing table determines the number of 
spares of that type required: 
Number of each Spares 
type employed : required 
1 or 2 . 1 
3 to 5 . 2 
6 to 8 . 3 
9 or more . 4 

(2) An accurate circuit diagram and 
list of required spare tubes, as fur¬ 
nished by the manufacturer of the 
equipment, shall be supplied and re¬ 
tained at the transmitter location. 

(I) Operation. (1) Spurious emis¬ 
sions, including radio frequency har¬ 
monics, shall be maintained at as low 
a level as the state of the art permits. 

(2) If a limiting or compression am¬ 
plifier is used in conjunction with the 
aural transmitter, due operating pre¬ 
cautions should be maintained because 
of pre-emphasis in the transmitting 
system. 

3.689 Operating power — (a) Deter¬ 
mination— (1) Visual transmitter. The 
operating power of the visual transmit¬ 
ter shall be determined at the output 
terminal of the vestigial sideband filter, 
if such filter is used; otherwise, at the 
transmitter output terminal. The aver¬ 
age power shall be measured while 
operating into a dummy load of sub¬ 
stantially zero reactance and a resist¬ 
ance equal to the transmission line 
surge impedance, while transmitting a 
standard black television picture. The 
peak power shall be the power obtained 
by this method, multiplied by the factor 
1.68. During this measurement the di¬ 
rect plate voltage and current of the 
last radio stage and the peak output 
voltage or current shall be read for use 
below. 

(2) Aural transmitter. The operat¬ 
ing power of the aural transmitter shall 
be determined by the indirect method. 
This is the product of plate voltage 
(Ep) and the plate current (Ip) of the 
last radio stage, and an efficiency fac¬ 
tor, F; that is: 

Operating power = EpxIpxF 
(I) The efficiency factor, F, shall 

be established by the transmitter manu¬ 
facturer for each type of transmitter 
for which he submits data to the Com¬ 
mission, and shall be shown in the in¬ 
struction books supplied to the customer 
with each transmitter. In the case of 
composite equipment, the factor F shall 
be furnished to the Commission by the 
applicant along with a statement of the 
basis used in determining such factor, 
(b) Maintenance —(1) Visual trans¬ 
mitter. The peak power shall be moni¬ 
tored by a peak reading device which 
reads proportionately to voltage, cur¬ 
rent, or power in the radio frequency 
transmission line, the meter to be cali¬ 
brated during the measurement de¬ 
scribed in paragraph (a) (1) of this 
section. The operating power as so 
monitored shall be maintained as near 
as practicable to the authorized operat¬ 
ing power and shall not exceed the 
limits of 10 percent above and 20 per¬ 
cent below the authorized power except 
in emergencies. As a further check, 
both the plate voltage and plate current 
of the output stage shall be measured 
with a standard black television pic¬ 
ture with the transmitter operating 
into the antenna. These values must 
agree substantially with corresponding 
readings taken under paragraph (a) 
(1) of this section. 

(2) Aural transmitter. The operat¬ 
ing power of the aural transmitter shall 
be maintained as near as practicable to 
the authorized operating power and 
shall not exceed the limits of 10 per¬ 
cent above and 20 percent below the 
authorized power except in emergen¬ 
cies. 

(3) Reduced power. In the event it 
becomes impossible to operate with the 
authorized power, the station may be 
operated with reduced power for a pe¬ 
riod of 10 days or less provided the 
Commission and the Engineer in Charge 
of the radio district in which the sta¬ 
tion is located shall be notified in writ¬ 
ing immediately thereafter and also 
upon the resumption of the normal 
operating power. 
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TV Technical Definitions and Glossary of 
Production Terms Applicable to 

Television Broadcasting 

A 

ABERRATION, chromatic: Image de¬ 
fect due to variations in bending of 
light rays differing in color, by the 
lens. 

ABERRATION, spherical: Lens de¬ 
fect resulting in production of a disc of 
light rather than a point of light, which 
has a definite minimum size not re¬ 
ducable by focusing. It may be reduced 
by “stopping down’’ the lens. (Using 
smaller iris opening). 

A-C TRANSMISSION: The output 
signal of the TV camera contains in¬ 
stantaneous voltage changes corre¬ 
sponding to the brightness of each ele¬ 
ment of the scene as it is scanned. In 
a c transmission systems, a fixed set¬ 
ting of controls, makes any instantane¬ 
ous value of signal correspond to the 
same value of brightness only for a 
short time. According to the definition 
in the IRE standards: this time is not 
longer than one field period, and may 
be as short as one line period. (See DC 
VIDEO COMPONENT and DC RE¬ 
INSERTION). 

ACHROMAT: Lens corrected for chro¬ 
matic aberration. 

ACTIX E LINES: Lines which contain 
picture information as distinguished 
from the lines occurring during the 
blanking interval which produces hori¬ 
zontal and vert ical retrace of the scan¬ 
ning beam. 

AMPLITUDE MODULATION: (AM) : 
The method of modulating the visual 

RE carrier in which the instantaneous 
amplitude of the carrier is propor¬ 
tional to the instantaneous value of the 
modulating video voltage. 

ANGULAR FIELD: The greatest 
angle covered horizontally or vertically 
by a particular lens. 

ANTENNA FIELD GAIN: In radio 
theory a “standard doublet” is a doub¬ 
let antenna which with one kilowatt of 
input power gives an effective free-
space field intensity of 137.6 millivolts 
per meter at one mile distance. AN¬ 
TENNA FIELD GAIN is the ratio of 
the antennas’ free-space field intensity 
produced at one mile in the horizontal 
plane to the “standard doublet” value, 
expressed in mv/m. Thus field gain is: 

new mv/m 
F.G. =-

137.6 mv/m 
ANTENNA HEIGHT ABOVE AVER¬ 
AGE TERRAIN: The average of the 
antenna height (center of radiating 
portion) above the terrain from 2 to 10 
miles from the antenna. The FCC 
Standards state that at least 8 radials 
2 to 10 miles long at approximately 45 
degree angles are to be plotted on the 
data sheet. In general a different an¬ 
tenna height will be determined in each 
direction. The average of these heights 
is considered the antenna height above 
average terrain. 

ANTENNA POLARIZATION: Direc¬ 
tion of the electric vector as radiated 
from the transmitting' antenna. TV 
Standards call for horizontal polariza¬ 
tion of the transmitted signal. 
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ARTIFICIAL LOAD: A “dummy an¬ 
tenna” which is essentially a non-re-
active, resistive dissipating' device and 
non-radiating, with the same charac¬ 
teristic impedance as the transmission 
line. 

ASPECT RATIO: Numerical ratio of 
picture width to picture height. TV 
Standards specify an aspect ratio of 
4 to 3; or 4 units wide to 3 units high. 
Thus a picture 4 feet wide should be 3 
feet high. A picture 8 feet wide should 
be 6 feet high, etc. 

ASSYMETRIC SIDEBAND TRANS¬ 
MISSION: (See Vestigial Sideband 
Transmission). 

ATTENUATOR (Fader): Control used 
for adjusting gain of video or audio 
circuits. 

AUDIO CHANNEL: The RF carrier 
frequency located 4.5 me higher than 
the accompanying video carrier fre¬ 
quency in each TV band. This carrier 
is frequency modulated. A carrier 
swing of ' 25 kc equals 10()f4 modula¬ 
tion. An AUDIO CHANNEL may also 
be any aural circuit at the studio as dis¬ 
tinguished from channels concerning 
video signals. 

AURAL TRANSMITTER: The trans¬ 
mitter in the TV system concerned with 
the audio signal only. The aural car¬ 
rier is frequency modulated with the 
program sound components. 

AVERAGE POWER OUTPUT: Aver¬ 
age power of the video transmitter is 
measured with final power amplifier 
loaded by a dummy antenna. The meas¬ 
urement is made while transmitting a 
standard black signal. The average 
power (P a> ) is: 

E,,,,»1
P„v = L,,.? R or: P„v = 

R 

The peak power of the video transmit¬ 
ter is found by the same method, multi¬ 
plied by the factor 1.68. The readings 
of I or E are taken from the readings 
of the final PA stage meters. The aver¬ 
age power of the aural TV transmitter 

is found by the same formula as that of 
the visual transmitter. Since FM is 
used, the reading should be the same 
modulated as unmodulated. Since sine 
waves are concerned here, ordinary ac 
theory is used, and a multiplying factor 
1.414 is used to find the peak value. 
The average value is then 0.636 times 
the peak value. 

B 

BACKGROUND: The average illumi¬ 
nation of the transmitted scene repre¬ 
sented by the de component of the video 
signal content. (See DC Video Com-
ponent). 

BACK-PORCH: That portion of the 
composite video signal at blanking level 
which lies between the trailing edge of 
the horizontal sync pulse and the trail¬ 
ing edge of the horizontal blanking 
pulse. Maximum value is 3.81 micro¬ 
seconds. 

BALUN: (BAZOOKA): Device for 
coupling a balanced RF output stage to 
an unbalanced transmission line. (One 
side grounded). 

BANDWIDTH: The number of cycles-
per-second between lowest and highest 
frequencies. The standard TV channel 
is 6 me wide. 

BEAM CURRENT: Measurement 
(usually in microamps) of the electri¬ 
cal current comprising the beam of 
electrons in pickup tube, picture tube, 
etc. 

BI-DIRECTIONAL: Microphone pat¬ 
terns signifying sensitivity on both 
the front and rear, but dead at both 
sides. A “figure eight” response. 

BIRDSEYE: Type of lighting unit 
having self-contained reflector throw¬ 
ing a floodlight. Incandescent type. 

BLACK COMPRESSION: Amplitude 
limiting of the signals corresponding to 
black in the picture, resulting from loss 
of settip in the picture. (See SETUP). 
This allows extension of picture black 
into the blanking region. Thus the tonal 
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gradient is modified deteriorating the 
picture quality 

BLACK LEVEL: The amplitude of 
the modulated RF video carrier at 
which the beam in the picture tube is 
extinguished so that retrace lines 
( which are instigated during the blank¬ 
ing interval) are not visible on the 
picture tube. 

“BLACKER-THAN-BLACK” (Infra¬ 
Black) : That portion of the RTMA 
Standard Television Signal which is of 
an amplitude greater than black level 
(blanking or pedestal level). This re¬ 
gion is occupied by the horizontal and 
vertical synchronizing pulses. 

BLANKING PULSES: Pulses of such 
amplitude as to cut-off the beam in the 
picture tube by driving the kinescope 
grid below cutoff. This sets the “black 
level” of the signal. (See BLACK 
LEVEL). 

BLIZZARD HEAD: A blond. 

BOOM: Either microphone or camera 
mount. A boom is capable of extending 
the mic or camera over the heads of 
performers. 

BRIItGING: The act of connecting a 
high-impedance device in parallel with 
a given source so as to extract a portion 
of the signal voltage without percept-
able effect on the source circuit. 

BUSY PICTURE: Too much in shape 
or background. 

BUTTON-HOOK: Micro-Wave guide, 
attached to the unit that reflects the 
microwave signals to the studio or 
transmitter from a program remote 
from the studio. 

C 

CAMERA: An electro-optical trans¬ 
ducer which converts light-rays reflect¬ 
ing from the scene to be televised into 
corresponding electrical impulses at a 
synchronized rate. The camera includes 
the pickup tube (image orthicon or 
iconoscope), deflection circuits, signal 
preamplifier and viewfinder. 

CAMERA CONTROL UNIT: A control 
panel with internal amplifiers and con¬ 
trol circuits connected to camera and to 
sync generator. Supplies camera driv¬ 
ing pulses and other currents to cam¬ 
era, and receives video signal from 
camera preamplifier in pickup head. 

CANS: Earphones. 

CARBON ARC LIGHT: High intensity 
light from burning carbon units. Almost 
duplicates sunlight in characteristics. 
Has 6400 Kelvin, signifying all colors 
of spectrum well balanced. Mostly used 
for floodlighting. May also be used for 
spotlighting. Excellent for color tele¬ 
vision due even distribution of colors 
contained. 

CARRIER: Radio-frequency wave suit¬ 
able for modulation by a signal source. 

CARRIER FREQUENCY: Frequency 
in cps of the RF carrier wave. 

CARRIER FREQUENCY STABILITY: 
Measure of the ability of the frequency 
controlling circuits to maintain the as¬ 
signed frequency of operation. 

CARRIER NOISE: Undesired varia¬ 
tions in the RF carrier not caused by 
signal content. 

CARRIER REFERENCE WHITE 
LEVEL: Carrier amplitude correspond¬ 
ing to reference white in the visual car¬ 
rier wave. This is 12%% (± 2%%) of 
maximum carrier amplitude. 

CAVITY RESONATOR: Space en¬ 
closed by conducting walls of given di¬ 
mensions within which resonant RF 
fields may be excited and extracted. 

CENTER FREQUENCY: Term applied 
to the unmodulated aural carrier wave, 
designating frequency of operation. It 
is also defined as the average frequency 
of the emitted wave when frequency 
modulated by a pure sinusoidal signal. 

CHINA MARKING: Marks or lines 
made on the face of a cathode ray tube 
by a china markei for reference pur¬ 
poses. 
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CLAMPING CIRCUIT: A circuit which 
maintains either the blanking level or 
sync tip level of the voltage wave at a 
predetermined DC level. This maintains 
the DC component in an AC coupled 
amplifier, and minimizes AC sine-wave 
(hum) pickup. 

CLOSEUP: Unless otherwise directed, 
the closeup shot should include the head 
and shoulders of the specified person. 

COLOR TRANSMISSION: Transmis¬ 
sion of TV signals capable of reproduc¬ 
tion with different color values. 

COMPOSITE VIDEO SIGNAL: The 
complete visual waveform composed of 
visual picture modulation, blanking 
pedestal, sync and equalizing pulses. 
The RF carrier modulated with this 
signal contains 75% modulation at the 
pedestal level, and the remaining 25% 
contains the synchronizing information. 

COMPOUND LENS: Lens consisting of 
two or more elements of glass, some¬ 
times cemented together. 

CONTRAST: Scenic range of dark to 
light values, in proportion to the signal 
voltage variation at the grid of the pic¬ 
ture tube. 

COVER SHOT: The director wants the 
picture to cover the entire scene of 
action. As used in baseball pickups, 
coverage of pitcher-batter-catcher and 
umpire. 

CRANE: Camera mount. Extends 
camera over heads of performers. 

CROSS-NEUTRALIZATION: Type of 
neutralization used in push-pull RF 
amplifiers. A portion of the cathode¬ 
plate ac voltage of each tube is coupled 
into the cathode-grid circuit of the other 
tube by means of a neutralizing capaci¬ 
tor. 

CROSS-TALK: Interfering signals in 
any particular channel inductively or 
capacitively coupled from other circuits. 
Good installation practice requires all 
high-level circuits to be run at suffi¬ 
cient distance from low-level circuits to 
aid in preventing cross-talk. 

I> 

DC REINSERTION: The act of re¬ 
storing a given potential to a given 
value, equivalent to the de picture com¬ 
ponent ordinarily lost in AC coupled 
systems. 

DC RESTORER: Circuit providing 
means of restoring the DC or low-fre¬ 
quency components of a video signal 
after loss through AC coupled systems. 

DC VIDEO COMPONENT: The por¬ 
tion of the composite video signal re¬ 
sulting from the average steady back¬ 
ground illumination of the televised 
scene. 

DEFINITION: Quality of the fine de¬ 
tails in the image produced. 

DIMMER: Light control used to regu¬ 
late current supplied to lights by vary¬ 
ing resistance in the circuit. Allows 
exact control of lighting intensity. 

DISH: Large metal microwave reflec¬ 
tor. 

DISSOLVE: Reduction of video gain 
toward black level. 

DOLLY (Noun): Mobile camera mount. 

DOLLY (Verb): “Dolly in.” (Move to¬ 
ward scene). “Dolly out.” (Move away 
from scene). 

DOUBLE-TUNED CIRCUIT: Two 
single-tuned circuits inductively cou¬ 
pled, resulting in a double-tuned cir¬ 
cuit. 

DRIVER: The stage which supplies in¬ 
put power to the driven stage. 

DRIVING PULSES: Signals which 
“drive” the scanning generators in the 
cameras at the studio. These are sup¬ 
plied to the camera chains by the sync 
generator, timed and correctly related 
to the transmitted sync and blanking 
pulses. 

DUMMY ANTENNA: (See Artificial 
Load). 
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E 

EFFECTIVE RADIATED POWER: 
(ERP): The product of the antenna 
power (actual measured output power 
from transmitter minus transmission 
line losses) times (1) antenna power 
gain, or (2) sqjare of the antenna field 
gain. 

ELECTRON MULTIPLIER: Electron 
tube containing a number of electrodes 
of high seco idary-electron emission 
characteristics, which greatly multiply 
the initial impinging electron stream. 

EQUALIZING PULSES: A series of 
pulses, six before and six after, the ser¬ 
rated vertical sync pulses at twice the 
line frequency (31,500 cps). Used to 
insure correct timing of the vertical 
retrace at the receiver for proper inter¬ 
lace. 

EQUIVALENT FOCUS: Same as Fo¬ 
cal Length. 

F 

f:NUMBER: A number measuring the 
light-gathering power of a lens, or 
“speed’’ of a lens. This number is re¬ 
lated to the ratio of the focal length 
to the diameter of the beam of light 
which gets through the lens. The 
smaller the f¡number, the more the 
light. The sensitivity varies as the 
square of the f:number. Doubling the 
f : decreases the light by 4. 

FADE IN OR OUT: Applied to either 
video er audio The action of fading in 
or out of the signal by controls. (See 
Attenuator). 

FADER: (See Attenuator). 

FIELD: One complete scanning of al¬ 
ternate lines on the scanned area, in¬ 
cluding vertical retrace back to top of 
area. 

FIELD FREQUENCY: The time re¬ 
quired for one field is 1/60 sec- There¬ 
fore the number of fields transmitted 
per second is 60, which designates a 
field frequency of 60 cps. Two fields 

constitute one picture frame (See 
Frame and Frame Frequency). 

FLARE: Distribution of extraneous 
light. 

FLYBACK: The shortest period of the 
two basic periods of a saw-tooth wave, 
which initiates the return of the elec¬ 
tron beam at the end of each scanning 
line. 

FOCAL LENGTH: i Of a lens). Dis¬ 
tance from lens to focal point behind 
lens. Determines scale of reproduction. 

FOCUSING: Adjustment of distance 
between lens and photocathode so that 
focus of any given point (or group of 
points) lies “in focus” on the surface 
of the photocathode. ELECTRICAL 
FOCUS is to adjust the electron beam 
to the smallest possible diameter. 

FOLLOW SHOT: (See Travel Shot). 

FRAME: One complete picture. In the 
standard TV interlaced method of scan¬ 
ning, one frame consists of two fields, 
each field having scanned alternate 
lines. 

FRAME FREQUENCY: The number 
of complete pictures (frames) trans¬ 
mitted per second. This is 30, or 30 cps 
frame frequency. 

FRAMING: The act of the TV’ film 
projector operator in adjusting the pro¬ 
jection and pickup system so that the 
picture is so placed on the iconoscope 
mosaic that the edges or frame are not 
visible. 

FREE SPACE FIELD INTENSITY: 
The field intensity that would exist at 
a point in the absence of waves re¬ 
flected from the earth or other reflect¬ 
ing objects. 

FREEZE IT: Use set as is. 

FREQUENCY DIVIDER: Circuit for 
delivering an output signal frequency 
which is a proper fraction of the input 
signal frequency. Multivibrators, block¬ 
ing-tube oscillators, and diode-counter 
circuits are the most widely used fre¬ 
quency dividers in TV systems. 
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FREQUENCY MODULATION: (FM): 
System of modulation in which the fre¬ 
quency of the radio carrier is varied in 
proportion to the amplitude of the 
modulating signal. The instantaneous 
frequency of the carrier wave is inde¬ 
pendent of the modulating signal fre¬ 
quency. The amplitude of the RF car¬ 
rier undergoing FM remains the same 
as when not modulated. 

FREQUENCY SWING: In FM, the 
instantaneous departure of the fre¬ 
quency of the RF carrier from the 
center frequency resulting from modu¬ 
lation. 

FRONT PORCH : That portion of the 
horizontal blanking interval between 
the leading edge of the pedestal pulse 
and the leading edge of the horizontal 
sync pulse constructed thereon. Stand¬ 
ard RTMA duration is 1.27 microsec. 

FROST: Frost gelatin put over lamps 
to diifuse lights. 

G 

GAMMA: Plot on logarithmic scale 
showing the slope of the characteristic 
expressing the output amplitude as a 
function of the input amplitude. This 
curve illustrates the ratio of the con¬ 
trast between designated elements in 
the picture to the same elements in the 
scene being televised. 

GARBAGE CAN : Slanguage for micro¬ 
wave-relay transmitter. 

GATE : Circuit used for gating, such 
as “keying on” certain pulses while not 
acting upon other signal information. 

GHOSTS: Two or more images on re¬ 
ceiver kinescope caused by reflection 
of the picture signal from large objects, 
causing delay of a fraction of a second 
between original and reflected signals. 
May also be caused by missmatched or 
reactive transmission line. 

GOBO : Sudden decrease of light in 
picture. Opposite of "womp." 

GRADIENT: Progressive change in 
tones or shades along a monochromatic 
scale. (See Monochromatic Transmis¬ 
sion). 

GROUNDED-GRID AMPLIFIER: 
Often used in RF television amplifiers 
to avoid necessity of neutralizing and 
for greater- efficiency under certain con¬ 
ditions. The control grid is placed at 
ground potential (insofar as the operat¬ 
ing frequency is concerned) and the 
RF excitation is applied between cath¬ 
ode and ground. Output is taken from 
plate to ground. 

GROUP SHOT: The director intends 
for the camera shot to include a speci¬ 
fied group of persons. 

GUARD BAND: Vacant frequency 
band between two channels to avoid 
mutual interference. 

H 

HEAD ROOM: The director wants 
more space above the person or object, 
and the cameraman tilts the camera up, 
or “pans up.” 

HIGH-HAT: High camera position on 
table top or other waist-high platform 
or mounting. 

HIGH-LEVEL MODULATION: In 
television video transmitters, grid mod¬ 
ulation of the final power amplifier 
stage. 

HORIZONTAL BLANKING: The act 
of cutting off the electron beam at the 
end of each scanned line for the retrace 
interval. 

HORIZONTAL BLANKING PULSE: 
The pedestal level of the composite 
video signal which is of sufficient am¬ 
plitude to drive the picture tube into 
the cut-off region. 

HORIZONTAL FREQUENCY (Line 
Frequency) : The repetition rate of the 
horizontal lines per second. In the 
standard TV signal the rate is 15,750 
cps. 
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HORIZONTAL RETRACE: (See Fly¬ 
back). 

HORIZONTAL SYNC PULSE: Rec-
tanglar-shaped pulses above pedestal 
level, to time tie horizontal scanning at 
the receiver with that in the camera at 
the studio. 

I 

ICONOSCOPE: A camera pickup tube 
employing a high-velocity scanning 
beam to a photoactive mosaic exhibit¬ 
ing electrical storage properties. This 
tube is used mainly in TV film cameras. 

IMAGE ORTHICON: A camera pick¬ 
up tube employing a low-velocity beam 
to scan a target upon which an image 
is placed by optical focusing of an 
image on a separate photo-emissive 
surface whose secondary electrons im¬ 
pinge upon the scanned target. This is 
the “image section” of the tube which 
exhibits an “image multiplier” action. 
Electron multiplication also takes place 
in the tube by “dynode” action on the 
modulated return beam within the tube. 
This pickup ti.be is used in nearly all 
studio and field cameras for telecasting 
live shows. 

INFRA-BLACK: (See Blacker-Than-
Black). 

INTERLACE Method of scanning in 
which one-half the total lines (262.5 
lines) are scanned in one field of even-
numbered lines, and the other half of 
the total number of lines are scanned 
in the next fie d of odd-numbered lines. 
Thus adjacent lines of a complete pic¬ 
ture (one frame) belong to successive 
fields. 

J 

JITTER: Term usually given to a pic¬ 
ture on the kinescope exhibiting insta¬ 
bility in the vertical direction. Most 
often occurs at studios from film pro¬ 
jectors which are out of adjustment or 
from “fluttering” film in the film gate. 

K 

KEYING CIRCUIT: Circuit used to 
electronically “key on” or “key off” by 
trigger action from designated pulses. 

KEYSTONE EFFECT: This refers to 
a trapezoid shape of the picture (Nar¬ 
rower at top than at bottom) that re¬ 
sults from linear scanning of an Icono¬ 
scope tube due to the difference of the 
mosaic direction with scanning beam 
direction. The effect is compensated in 
practice by “keystone correction cir¬ 
cuits” at the Iconoscope tube position. 

KINESCOPE: Picture tube in monitors 
and home receivers. 

L 

LENS: Optically ground and polished 
glass, used to focus an image of the 
scene onto the photosensitive surface of 
the pickup tube. 

LENS COATING: Thin film of fluoride 
on lens to enhance light-passing charac¬ 
teristics by reducing amount of light re¬ 
flected at the glass surface. Reduces 
flare. 

LEVEL: The amplitude of a video or 
audio signal. Video signal level is usu¬ 
ally referred to in terms of volts, while 
audio level is measured in volume units. 
(VU). 

LIMITER: Circuit in which all output 
levels are limited to a given amplitude 
when the input level is sufficient to 
operate the limiting action. Used ahead 
of detectors in FM receivers (for ex¬ 
ample) to eliminate response to any 
amplitude variations of the RF carrier. 

LIMITER AMPLIFIER: Audio ampli¬ 
fier used (ordinarily : at the transmit¬ 
ter to limit the amplitude of the output 
signals when input levels exceed a given 
amplitude. Prevents overmodulation of 
the aural transmitter. 

LINE FREQUENCY: (See Horizontal 
Frequency). 

LINEARITY: The shape of the hori¬ 
zontal and vertical scanning waves. If 
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this shape traces a straight inclined 
line (indicating same “rate of rise” 
properties throughout the curve) the 
picture will be linear and the picture ele¬ 
ments uniformly distributed over the 
image field. 

LINEARITY CONTROL: Control to 
vary the shape of the scanning voltage 
trace so that overall effect is a linear 
curve. 

LINK: Channel or circuit connected 
in tandem with other channels or cir¬ 
cuits. May also refer to an RF Studio-
to-transmitter link to relay TV pro¬ 
grams without use of a coaxial cable. 

LOOSEN SHOT: Command given by 
director meaning he wants more space 
around the object, person or scene. 

LOSE ONE (or Two, Three, etc.): Di¬ 
rectors’ cue to switcher engineer to re¬ 
move a superimposure. The number One 
or Two, etc., refers to camera number. 

LOW-LEVEL MODULATION: Modu¬ 
lation in some low-power RF stage be¬ 
fore the final RF power amplifier. 

M 

MEDIUM SHOT: Unless otherwise di¬ 
rected, the picture coverage should in¬ 
clude from the waist-up of the speci¬ 
fied person. This may also define a 
“medium” area of any given scene. 

MERCURY VAPOR LIGHT: “Cold” 
light. So called because little heat is 
radiated for the amount of light ef¬ 
fected. Developed by General Electric. 
A tiny pool of mercury is “fired” in 
small quartz tubes about the size of a 
king-sized cigarette. The tube is sur¬ 
rounded by a larger glass tube (called 
the “capillary”) through which about a 
gallon of water per minute flows. More 
efficient than incandescents. Color char¬ 
acteristics: opposite of incandescents, 
being low at red-end (heat rays), and 
high at blue-violet range of the spec¬ 
trum. 

MIXER (Fader): (See Attenuator). 
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MIXER-SWITCHER UNIT: Video unit 
at which a single video source may be 
selected for transmission, or two video 
sources combined to achieve a super¬ 
imposure. 

MODULATED AMPLIFIER: The RF 
stage in which modulation takes place. 

MODULATION CAPABILITY: In the 
aural transmitter, the maximum modu¬ 
lation which can be obtained without 
exceeding a given percentage of dis¬ 
tortion. The minimum standard set by 
the RTMA specifies no more than 5% 
distortion for a frequency swing of 
±50 kc. (100% modulation is referred 
to ±25 kc). 

In the video transmitter, modulation 
capability is defined in terms of change 
in pedestal level when going from an 
“all-black” signal to an “all-white” 
signal. 

MONOCHROME TRANSMISSION: 
Transmission of signals which can be 
reproduced in gradations of the “gray 
scale” only, from black to white. (With¬ 
out color). 

MONOSCOPE: A camera at the studio 
employing a cathode ray tube with a 
fixed internal test pattern for testing 
and adjusting purposes. 

MOSAIC: The photo-sensitive surface 
in an Iconoscope tube from which the 
image pattern is discharged by the 
scanning beam. 

MULTIPLEXER: Device employing 
two mirrors to permit use of only one 
TV Film Camera with two TV Film 
Projectors. 

MULTIVIBRATOR: Form of relaxa¬ 
tion oscillator comprising two stages 
arranged so that the input of one stage 
is derived from the output of the other. 
The period of oscillation is determined 
by the RC network used between the 
stages. The circuit may be “free-run¬ 
ning” in this manner, or “driven” by 
injecting a trigger or sync pulse at the 
grid or cathode of one tube to trigger 
the oscillation. 
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N 

NEGATIVE TRANSMISSION: This is 
the standard type of TV transmission in 
the United States. It results from 
“negative modulation” of the visual 
transmitter which means that an in¬ 
crease in light content of the picture 
results in a decrease in carrier ampli¬ 
tude. 

NEMO: Program picked up away from 
the studio. A remote pickup. 

NEUTRALIZATION: Means employed 
in RF amplifiers to prevent feedback 
from output to input through internal 
tube capacities. 

NOISE: Term applied to unwanted dis¬ 
turbances in both video and audio sig¬ 
nals. “Noise” m a picture results from 
tube noise, atmospherics, etc., result¬ 
ing in salt-and-pepper effects or 
“snow.” 

NOODLE: Play a few bars of back¬ 
ground music, usually for a title. 

♦ ) 

ODD-LINE INTERLACE: Term used 
to define the standard method of inter¬ 
lace. Since the total number of lines 
per frame (525 lines) is an odd num¬ 
ber, each field contains one-half line. 

OVERSHOOT: Magnitude of response 
to a change in input over and above 
that which would occur if the system 
responded with no distortion under a 
steady-state condition. 

P 

PAIRING: Failure of proper interlace. 
The lines of alternate fields do not fall 
precisely between the lines of the previ¬ 
ous field, resulting in separated picture 
lines and loss of vertical resolution. 

PANNING: Slowly sweeping the cam¬ 
era to one side or the other, or from 
side to side. May also include up and 
down movement. 

PASSBAND: The band of frequencies 
freely transmitted without intentional 
attenuation. 

PEAK POWER OUTPUT: The output 
power averaged over the carrier cycle 
at maximum black level. (See Average 
Power Output). 

PEAKING COIL: An inductor of one 
to several hundred microhenries induc¬ 
tance, used in video amplifiers to com¬ 
pensate for high-frequency losses. 

PEDESTAL: The level of the video 
signal at which blanking of the picture 
tube scanning beam is instigated. 

PERCENTAGE MODULATION: Modu¬ 
lation factor in percent of peak (sync) 
value. In the aural transmitter, the 
percentage is in relation to 100% value 
occurring at —25 kc frequency swing. 

PERSPECTIVE: Relative grouping of 
objects in comparative sizes as the eye 
perceives them in nature. 

PICKUP HEAD: The camera lens, 
pickup tube, associated pre-amps, sweep 
circuits, etc., contained in the head. 
(Complete camera without viewfinder). 

PICKUP TUBE: Camera tube such as 
Iconoscope or Image Orthicon. 

PICTURE ELEMENT: Smallest pic¬ 
ture element which can be defined by 
the scanning system. Cannot exceed the 
nominal line width. 

PIN: Slanguage for picture. 

PLATE EFFICIENCY: Ratio of load 
circuit AC power developed to the DC 
plate power input. 

PLATE MODULATION: RF circuit 
in which the modulation signal is in¬ 
jected into the plate circuit of the tube. 

POLARITY OF VIDEO SIGNAL: The 
direction of a potential change repre¬ 
senting change to black relative to the 
direction of a potential change repre¬ 
senting change to white. Polarity is 
given in terms of black, such as: “Black 
negative” or “black positive.” 
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POLARIZATION: (See Antenna Po¬ 
larization). 

PRE-EMPHASIS: Employed in the 
FM aural transmitter before the audio 
input. The high-frequency end of the 
audio spectrum is boosted above the 
low-frequency end in accordance to a 
standard 75 microsecond pre-emphasis 
curve. 

0 

“Q”: Ratio of power dissipated to the 
power supplied. Numerically equal to 
the ratio of reactance to resistance. 
(X/R). Often termed the “figure of 
merit” of capacitors, inductors, and 
tuned circuits. “High Q” circuits pro¬ 
vide maximum gain but minimum band¬ 
width. Therefore TV circuits require a 
compromise in circuit Q to obtain maxi¬ 
mum gain consistent with required 
bandwidth. 

QUASI-SINGLE SIDEBAND: (See 
Vestigial Sideband). 

R 

RADIO FIELD INTENSITY: Measured 
in millivolts or microvolts per meter. 
Measurement of the stress produced in 
the ether by the RF carrier wave 
equivalent to the voltage produced in a 
conductor one meter in length due to 
the magnetic flux of the wave sweep¬ 
ing across the conductor. For TV field 
strength measurements, the significant 
units are in DBU, designating field 
strength in decibels above one micro¬ 
volt per meter. It has been determined 
that required DBU for Grade A and 
Grade B service of TV transmitters is 
as follows: 

Chanels Grade A Grade B 

VHF 68 DBU 47 DBU 
UHF 74 DBU 64 DBU 

The maximum radiated power per¬ 
mitted by the FCC is given in terms of 
decibels above one kilowatt (DBK), and 
are tabulated as follows: 

Effective Radiated Power 
Channels (ERP) 

2-6 20 DBK (100 kw) 
7-13 25 DBK (316 kw) 
14-83 30 DBK (1000 kw) 

RADIO FREQUENCY: (RF) : Fre¬ 
quencies used in radio transmission. 

RADIO RELAY : Point-to-point radio 
transmission, such as microwave set¬ 
ups between remote field telecasts and 
the main studio or transmitter. 

RASTER: Scanned area illuminated 
by the modulated scanning beam in the 
picture tube. Also need not be modu¬ 
lated by the picture signal, but simply 
swept horizontally and vertically with 
normal scanning sweeps. 

RTMA: Radio and Television Manu¬ 
facturers Association. An association 
composed of committees from various 
manufacturers and associated members 
for purposes of technical advancement 
and self-standardization. 

RC CIRCUIT: Resistance-capacitance 
coupled circuit. 

“READY FILM” (OR READY CAM¬ 
ERA 1, 2, etc.) : Director’s cue to film 
or camera operator to be ready to go 
on the air. 

REFERENCE BLACK LEVEL: That 
level corresponding to a specified maxi¬ 
mum excursion of the signal component 
representing black. With proper setup, 
this instantaneous excursion in maxi¬ 
mum black signal level is held about 
10% under pedestal (blanking) level. 

REFERENCE WHITE LEVEL: That 
level corresponding to a specified maxi¬ 
mum excursion of the signal component 
representing white. This is held in prac¬ 
tice to an amount never below 10% nor 
greater than 15% of the sync tip level 
in a composite signal. 

RESOLUTION: A measurement of the 
smallest element (see Picture Element) 
of a picture which can be distinguished. 
(See Resolving Power). 
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RESOLVING POWER: Ability of the 
lens oi' the TV system to reproduce 
images of closely spaced lines which do 
not overlap or blend together. 

RETURN TRACE (RETRACE) : Re¬ 
turn of the electron beam after hori¬ 
zontal or vertical scan to begin new line 
or field. 

“ROLL FILM”: Di lector’s cue to film 
projector opera tor to start projector 
motor. 

“ROTATE THE YOKE:” Instruction 
to cameraman to straighten up picture. 

SAWTOOTH WAVE: Waveform em¬ 
ployed in cathode ray' oscilloscopes and 
television scanning which rises in ampli¬ 
tude linearily with time between two 
values, and with a quicker and linear re¬ 
turn to the minimum value. 

SCANNING: The process of analyzing, 
according to the predetermined method, 
the light values of picture elements con¬ 
stituting the total picture area. 

SCANNING GENERATOR: Electronic 
circuit generating the sawtooth wave 
used for scanning. 

SCANNING LINE: Single continuous 
narrow strip containing highlights, 
shadows and half-tones which are de¬ 
termined by the process of scanning. 

SCANNING SPOT: Cross section of 
the electron beam used to scan the pic¬ 
ture area. Also termed SCANNING 
APERTURE. 

SCANNING YOKE. Assembly of one 
or more coils (such as horizontal and 
vertical deflection coils) whose cross-
field deflects the electron beam. 

SERIES PEAKING: Method of using 
a coil in series for high-frequency am¬ 
plifier compensation. See PEAKING 
COIL. 

SERVICE AREA: The service area re¬ 
sulting from an assigned effective radi¬ 
ated power (ERP) and antenna height 

above average terrain. (See RADIO 
FIELD INTENSITY). 

SETUP: Difference of signal amplitude 
in maximum signal black to pedestal 
(blanking) level. This value should be 
adjusted so that maximum signal black 
is about 10% low’er in amplitude than 
the pedestal. 

SHUNT PEAKING: Method of using 
a shunt coil for high-frequency ampli¬ 
fier compensation. (See PEAKING 
COIL). 

SINGLE SHOT: The director intends 
for the camera shot to include only one 
person. 

SKY HOOK: The waveguide “hook” 
on microwave transmitter and receiver 
parabolic reflectors. In general, refers 
to entire assembly of parabola and ex¬ 
citer waveguide. 

SNOW: Flecks on the monitor or re¬ 
ceiver kinescope caused by weak signal, 
noisy amplifier, etc. Indicates high 
noise-signal ratio. 

STABILIZING AMPLIFIER: Video 
amplifier containing corrective circuits 
to compensate for hum or stray noise 
pickup, poor sync, or generally bad or 
faulty signals. Usually used on incom¬ 
ing network or remote signals, at the 
studio output and at transmitter input. 

STANDARD TELEVISION SIGNAL: 
Signal conforming to the Television 
Transmission Standards set up by 
RTMA and FCC. 

STANDING WAVE RATIO (SWR): 
Ratio of the amplitude of a standing 
wave at an antinode to the amplitude at 
a node. A transmission line perfectly 
matched to the antenna and source gen¬ 
erator has a theoretical standing wave 
ratio of 1:1. VOLTAGE STANDING 
WAVE RATIO (VSWR) indicates the 
nodes and antinodes are in terms of 
voltage. 

SPURIOUS SIGNAL: Any undesired 
transient signal not related to, but 
showing in the picture. 
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SUPERIMPOSURE (SUPER): To 
televise two separate scenes and mix 
them so that one is “placed” over the 
other on the picture tube screen. 

SWEEP: Term designating the deflect¬ 
ing potential action on the electron 
beam causing it to “sweep” back and 
forth and up and down on the area to 
be scanned. 

SYNC: Abbreviation for synchroniza¬ 
tion. (See SYNCHRONIZATION). 

SYNCHRONIZATION: (SYNC): The 
maintenance of one operation in step 
with another. In the TV system, the 
sync generator creates the horizontal 
and vertical sync pulses which cause 
the picture tube scanning beam to start 
at the same time as the studio scanning 
beam, and blank and retrace at the 
same time. 

SYNC CLIPPER: Electronic tube 
biased so as to remove all or a portion 
of the sync signals from a composite 
signal. 

SYNC COMPRESSION: Reduction in 
percent-of-sync resulting from any ef¬ 
fect causing reduction of sync amplitude 
in ratio to the composite signal. 

SYNC GENERATOR: The “master 
mind” unit at the studio which gener¬ 
ates all the control pulses in accurate 
relative times, and shapes them into 
the standard RTMA and FCC signals. 

SYNC LEVEL: Maximum level of the 
composite signal represented by sync 
pulse tips. 

SYNC PULSES: The pulses generated, 
shaped and timed by the sync generator 
which keep the horizontal and vertical 
scanning at the monitors and receivers 
in step with those at the camera. 

T 

TANK CIRCUIT: Parallel resonant 
circuit used in the plate circuit of RF 
amplifier circuits. 

TEARING: Horizontal disturbances on 
the picture caused by interference or 
improper adjustments of controls. 

TELEGENIC: Term designating a per¬ 
son or object well suited to televising. 

TELEPHOTO LENS: A lens system 
containing a converging group of lenses 
followed by a diverging group, used to 
bring close-ups of distant objects. The 
Reflectar (described in text) accom¬ 
plishes this without the use of an ac¬ 
tual lens system. 

TELEVISION : Radio transmission and 
reception of moving visual images and 
accompanying sound. 

TELEVISION BROADCAST BAND: 
Frequencies assigned to television 
broadcast stations. The VHF band ex¬ 
tends from 44-88 me for channels 2-6, 
and 174-216 me for channels 7-13. The 
UHF band extends from 470-890 me for 
channels 14-83. 

TELEVISION BROADCAST CHAN¬ 
NEL: Band of frequencies 6 me wide 
assigned to any particular station. 

TELEVISION RELAY: (See RADIO 
RELAY). 

TELEVISION TRANSMITTER: Radio 
transmitter or transmitters employed 
for transmission of both visual and 
aural signals. 

TEST PATTERN: Chart placed before 
camera or contained in Monoscope cam¬ 
era, having geometric lines and pat¬ 
terns for purposes of studio, transmit¬ 
ter, monitor and receiver adjustments. 

“TIGHTEN SHOT”: Command given 
by director meaning he wants less space 
around the sides of the object or person. 
Cameraman accomplishes this by mov¬ 
ing in slightly towards scene, or by 
changing the lens by rotating the tur¬ 
ret to select a longer focal-length lens. 
Term TIGHTEN may also mean to 
speed up dialogue. 

TILT SHOT: Camera tilted up or down 
for scenic effects. 

TONGUE IN (Or Out): Command 
given by director to crane operator in¬ 
dicating he wants the camera boom to 
move in or out relative to scene being 
televised. 
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TONGUE RIGHT (Or Left): Command 
given by director to crane operator in¬ 
dicating he wants the camera boom to 
move right or left from its present 
position. 

TRANSCRIBER KINESCOPE: Picture 
tube especially designed for recording 
of a TV program on film. 

TRANSFER CHARACTERISTIC: Re¬ 
lation between the brightness of desig¬ 
nated portions of a scene to the bright¬ 
ness of the same portions in the repro¬ 
duced image, plotted on a logarithmic 
scale. RTMA defines the transfer char¬ 
acteristic as: “that function which, 
when multiplied by an input magni¬ 
tude, will give a resulting output mag¬ 
nitude.” In other words it is the function 
of the input magnitude which expresses 
the output magnitude. 

TRAVEL SHOT: Following action by 
dollying with the camera. (As distin¬ 
guished from following with a “pan” 
on stationary camera mount such as a 
fixed tripod). 

TRIGGERING: The act of starting an 
action in a circuit by designated pulses, 
which the circuit then continues to func¬ 
tion for a predetermined time under con¬ 
trol of its own time constants. 

TURRET : Plate at front of the TV 
camera containing up to 4 different 
lenses, rotatable from the rear of the 
pickup head. 

TWO-SHOT: The director intends for 
the camera shot to include two persons. 

U 

L?HF: Abbreviation for ultra-high fre¬ 
quencies. For television, the UHF band 
extends from 470-890 megacycles. 
(Channels 14-83). 

UNIDIRECTIONAL MICROPHONE: 
Microphone sensitive to sound pickup 
from one side only. 

V 

VESTIGIAL SIDEBAND TRANSMIS¬ 
SION: System of transmission in 

which one of the generated sidebands is 
partially attenuated at the transmitter, 
and radiated only in part. In the stand¬ 
ard TV vestigial sideband transmission 
system, all of the upper sideband is 
radiated while only a vestige (1.25 me) 
of the lower sideband is radiated. 

VHF: Abbreviation for very-high fre¬ 
quencies. For television, the VHF band 
extends from 44-88 megacycles for 
channels 2-6, and from 174-216 mega¬ 
cycles for channels 7-13. 

VIDEO: “Sight.” 

VIDEO SIGNAL: Signal containing 
the picture information. 

VIEWFINDER: Located atop the TV 
camera so that the operator sees the 
field covered by the lens system of the 
pickup head. 

VISUAL TRANSMITTER: Transmitter 
concerned with radiating the carrier 
wave amplitude modulated with the pic¬ 
ture information, sync and blanking 
pulses. 

VOLTAGE STANDING WAVE RATIO 
(VSWR) : (See STANDING WAVE 
RATIO). 

VOLUME UNITS (VU): One volume 
unit is equivalent to one milliwatt of 
power (sine wave) in 600 ohms. 

VU METER: Meter used on audio con¬ 
trol boards at studio and transmitter to 
monitor sound level. 

W 

WEDGE: Fan shaped pattern of black 
and white lines converging to a mini¬ 
mum separation, contained on TV test 
patterns for purposes of judging the 
resolving power (picture resolution) of 
the system. 

WHITE COMPRESSION: Compression 
occurring in the signal corresponding to 
white in the picture, modifying the 
tonal gradient. 

WHITE PEAK LIMITER: Circuit em¬ 
ployed at some stations to avoid over-
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modulation of the transmitter in the 
white (minimum carrier) direction. 

WOMP: Sudden flare of brightness. 
Opposite of ‘‘gobo.” 

Y 
Y AXIS: Vertical axis. 
“YOU GOT FIRE”: Equipment turned 
on, no more ad libbing. 

WOOF: Term used to check audio 
levels. Also means “OK, goodby.” Also 
refers “at this instant” when checking 
time signals, as: “It will be 9 o’clock 
in 5 seconds, 4, 3, 2, 1, — woof!” 

X AXIS: Horizontal axis. 

Z 
ZOOM: Act of rapidly approaching a 
televised subject or scene by physical 
or optical means. 
ZOOMAR: Special camera lens manu¬ 
factured by the Back Video Corp, of 
New York, which accomplishes zooming 
action optically by operation of a lever 
on the Zoomar Lens barrel. 
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A 

Accent lighting; 187-188 
Achromatic lers; 4-5 
Acoustics; 190-191, 328-329, 335 
Amplifier, 

audio; 98-99,179, 281-283, 426-427 
bandwidth-gain product; 355-356 
video; 2, 5-6,8,14-17, 64-65, 78-79, 

81-82, 98,134-140, 239, 271-273, 
350-368. 397-400 

Anastigmat; 5 
Angle of field ; 42, 257-262,449-452, 458 
Angstrom units; 9-10,186 
Antenna; 2, 39, 217-222, 564 

diplexer; 2,39,462-463 
field gain; 39 
microwave; 27-28,198,434-435 
power gain; 39,198 

Apperture distortion; 75-76 
Aspect ratio; 33, 226 
Astigmatic abberation; 5 
Audio control unit; 98-99,179, 426-427 
Audio operator; 95-96, 336-337, 342, 

459-460 
AT&T; (see Networks, program dis¬ 

tribution) 
Aural transmitter; (see Transmitter) 
Automatic frequency control (AFC) ; 

108-109,111,439 

B 
Back lighting (iconoscope) ; 91-92,188, 

407 
Backscreen projection; 156-158,188-189, 

336 
Balowstar (leus) ; 50 
Balun; 212-213 
Baseball pickups; 448-450,455-458 
Basketball pickups. 460 
Blanking; 1-3,14,19-25, 69-70, 74-78, 

83-84, 88, 100-125, 129-130, 203-204, 
209,230,265,321 

Blocking oscillator; 65-68, 111-112, 
376-377 

Boxing pickups; 460 
Brightness; 181,183 

transfer characteristic; 56-58, 
243-245, 249-250, 403-404 

unit; 183 

C 
Calorimeter; 471-472 
Camera; 1-9, 41-94,100,232-268,333-

334,412-423 
control unit; 2, Il, 16-17, 62-64,95, 

121-131, 134-139,168, 178-179, 
232-253,262-268. 333-344,408-411, 
423-425 

film; 2,25-26,98,158-170,293-294, 
302-311,405-407 

flying spot; 148-150 
maintenance; 412-423 
mounting; 92-94,255 
operation; 253-262, 333-344, 446-460 
switcher; 17, 98,131-139, 268-271, 425 

Candle power; 182-183 
Carrier current; 194 
Cathode follower; 15, 65,358-361 
Cavity resonator; 201-203,435-438 
Channels (TV); 32-33 
Chromatic abberation; 4-5, 41 
Circles of confusion; 44 
Clamp circuit; 37,125-131,211-212 

366-368,370-372,485-486 
Clipper circuit; 109-111,115-121,391, 

397-399 
Coaxial line; 30-32,194,221-222 

as tuned circuits; 201,206-208, 213 
Color; 4-5,9-10,49 

distortion; 4-5 
matching of pickup tubes; 249-253 

Contactors; 561-564 
Counter circuit; (see Division circuit) 
Crane; 92-94 
Cross-sweep; 324 

D 
DC component; 35-36, 70, 82-84,126-127 

insertion; 36, 70,126-131, 465-471 
restorer; 82-84,126-131, 465-467 

Deflection coils; 5-6,10-14,60-61, 70-78, 
84,86 

Depth of field; 43-49, 186, 257 
Depth of focus; 45,257 
Differentiating; 22-23,106,118-120, 

372-374 
Diplexer; 2,39,462-463 
Director, technical; 95-96, 268-271,333-

342.445,459 
Dissolves; 17,268-271 
Distortion 
apoerture; 75-76 
de component; 357 
overshoot; 266-268 
phase; 239,350-357 
“S” type, 241 
scanning (see Linearity) 
waveform; 272-276,354,357 

Division circuits; 108,111-112, 391-392 
Dolly (camera) ; 92-94 
Dolly (lights); 185,187 
Dousing; 161,278 
Driving pulses; 3, 6-7,10-14, 19, 65, 100-

102,108,115-121 

E 
Edge flare; 91-92,294,405 
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Effective radiated power (ERP) ; 204, 
583 

Effects lighting; 187-190 
Emergencies 

studio; 343-344,371 
transmitter; 550-553 

Equalizing pulses; 19,21-24,98-121 

F 
FCC rules and regulations; 567-578 
Fieldpickups; (seeRemotes) 
Field strength formula; 196 
Fill lighting; 187-188 
Film 

camera; 3,25-26,160-170,293-294, 
302-311,405-407 

characteristics; 277-278, 300-301 
control unit; 98,168, 294-299,408-411 
gamma; 223,312-313 
projector; 25-27,158-170,277-291, 

338-339,400-405, 408 
recording; (see Video recording) 
splicing; 291-294 
test; 291,400-405 
transmission; 25-27,158-170 

Flicker; 12-13 
Flyback rectifier; 68 
Flying spot scanner; 148-150 
Focal length; 41-43,257-262 

point; 4,41 
Focus 

electrical; 10, 53, 59, 70-71, 76, 233-
242 246-247 

optical ; 1-5, 43-49,255, 258-261, 334, 
453 

Football pickups; 458-459 
Foot-candle; 182 
Frequency divider; (see Division cir¬ 

cuits) 
Frequency modulation ; 33,203-205 
Frequency monitor; 520-527 
Frequency tolerance; 204-205 
Frequency-wavelength conversion; 9-10 

G 
Gain-bandwidth product; 355-356 
Gamma 

film; 223,312-313 
transmission; 222-224,461 

Grating generator; 228-232 

H 
High frequency compensation; 15-16, 

78-79, 239, 364-366 
High peaker; (see High frequency com¬ 

pensation) 
Horizontal field (lens); 42-43,257-262, 

458-459 
Horizontal pulses; (see Blanking and 

Synchronizing) 
Hyperfocal distance (lens); 45-46 

Ice hockey pickups; 460 
Iconoscope; 5-6,8,15,84-92 

back lighting; 91-92, 188, 407 
camera chains; 98,158-170,294-299, 

408-411 
edge flare; 91,294,405 
keystone; 88-89 
rim lighting; 91-92,407 

Illumination, studio; (see Lighting, 
studio) 

on photocathode; 57-58 
Image orthicon; 5-8,15. 51-61,122,185-

186,232-254,349 
spectral response; 54,56-57 

Integrating; 22-23,105,120-121, 372-
374 

Intercom; 17, 70, 98,179, 270-271, 443-
444 

Inverse square law (light) ; 182 
Iris; 43-44,251-253,256 

J 

Jaaudio; 178-179, 343-344, 348, 427 
video; 97-98,344 

K 
Kell factor; 75 
Kelvin scale; 183-184 
Key lighting; 187-190,261 
Keyer (transmitter monitor) ; 463 
Keying circuit; 113-121,153-155 
Keystone; 88-89 
Kinescope recording; (see Video record¬ 

ing) 
Klystron amplifier; 216-217 
Klystron oscillator; (see Oscillator, 

klystron) 

L 
Lambert; 183 
Lap-dissolves; 17,136-137,268 
Lens; 1-5,41-51, 251-253, 256-262, 408, 

446-448, 458-460 
angle of field; 42,257-262,449-452, 

458 
Balowstar; 50 
depth of field; 43-49,186,257 
depth of focus; 45,257 
filters; 49,186-187, 252,254-255, 342, 

446 
focal length; 41-43, 257-262 
horizontal field; 42-43, 257-262, 458-

459 
hyperfocal distance; 45-46 
iris; 43-44,251-253,256 
Reflectar; 50-51 
speed; 43-44 
telephoto; 50-51,447 
turret; 5,20,247,255 
vertical field; 42-43, 450-451, 458-459 
Zoomar; 50-51,452-458 
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Level 
audio; 329 
video; 95, 98,101-121,123,131-133, 

265-268, 384-386, 448, 469-471 
Light; 4-5,9-10,41-42,48-49, 181-190, 

253-254,342-343 
color; 4-5, 9-10, 49, 181-182, 249-253 
meter; 253-254 

Lighting, studio; 181-190,342-343 
Linearity; 78,225-232 

controls; 68-69, 78, 227, 231,334-335 
Line-lock circuit; (see Automatic fre¬ 

quency control ) 
Low frequency compensation; 79-80, 

352-355 
Lumen; 182-183 

M 

Magnetron; 203 
Maintenance 

amplifier, audio; 426-427 
amplifier, video; 350-368, 397-400 
antenna system; 564 
blocking oscillator; 376-377 
camera; 412-423 
camera control unit; 423-425 
camera switcher; 425 
capacitors; 564-565 
clamper circuit; 369-372 
clipper circuit; 391 
contactors; 561-564 
counter circuit; 391-392 
film; 299 
fiäm camera; 308-310,405-407 
film camera control unit; 408-411 
film projector; 400-405, 408 
image orthicon; 349 
jacks; 348,427 
lens; 408 
microphones; 426-427 
monitors; 377-387 
multivibrator; 374-377 
power supplies; 426 
records; 345-347 
relays; 561-564 
schedules; 346-350,553-555 
stabilizing amplifier; 397-400 
switches; 561-564 
transmitter; 553-565 
tubes; 345,555-561 
yoke; 372 

Microphones; 190-191,324-329, 341,426-
427 

boom; 190-191,324,328 
Microwave relays; 196-203, 429-440 
Mixer unit 

audio; 98-99,179,329-330, 426-427 
video; 17,98,134-139,268-271, 425 

Modeling lighting; 187-188 
Modulation ; 33-38,203-205,209-210, 212, 

465-471,493-498 
FM; 33,203.205 
monitor; 515-527 

Monitors; 2,16-17, 30, 81-84, 95, 98,102, 
121-131,140-142,179,225-232,262-

268, 377-387 
transmitter; 463-465, 515-527 

Monoscope; 98,144-147,230-232 
Montage amplifier; 153-157, 340 
Mosaic; 5-6,10,84-85 
Multiplexer; 159,278-279 
Multivibrator; 69-70, 115-121, 374-377 

N 

Negative transmission; 38 
Networks, program distribution; 28-32, 

193-196 

() 

Operating techniques; 
remotes; 429-460 
studio; 225-344 
transmitter; 515-565 

Operator 
audio; 95-96, 324-331,336-337, 342, 

459-460 
video; 95-96,121,225-334,446-460 

Orthicon; (see Image orthicon) 
Oscillator; 108,201-203,461 

blocking; 65-68, 111-112,376-377 
klystron; 201-203,435-438 
magnetron; 203 
multivibrator; 69-70,115-121,374-377 
thyratron; 377 

Over-coupled transformer; 474-477, 493, 
496-497 

P 

Pairing; 22-23,101 
Pan; 9,253-257,260 
Patch panels; 178-179, 343-344 
Peaking coils; 15-16, 78-79, 364-366 
Pedestal; (see Blanking) 
Perambulator; 190-191 
Persistance of vision; 13 
Phase distortion; 239, 350-357 
Pickup head; (see Camera) 
Pickup station; 28 
Pickup tube; 1-2, 5-8,10 15, 51-61, 84-92, 

232-254 
Polo pickups; 460 
Power supply; 18-19, 107,410, 426, 498-

502 
supersonic; 166 

Pre emphasis; 529-530 
Production terms; 260-261,269-271, 297-

298,331 
Projector; (see Film, projector) 

slide; 5, 147-149 
Pulse-cross; 319-324, 393-396 
Pulse distribution; 2, 25, 97,108,121 

expander (svnc stretcher) ; 37,139-
140, 209-210, 461,487-488 

measurement; 317-324,368-377 

Q 

“Q”; 474-475 
Quadrature-phase feed; 217-218 
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R 

Recording, video; (see Video recording) 
Reference levels; 19-20,102-121, 123, 

131-133, 265-268, 329, 384-386 
Reflectar (lens); 50-51 
Reflectometer; 213,473 
Reflex klystron; (see Oscillator, kly¬ 

stron ) 
Relay; 27-31,137-139,193-203, 429-460, 

536-553, 561-564 
Remotes; 28,142-145,198-200, 429-460 
Remote sync-phasing unit; 142-145,313, 

315 
Repeater amplifier; 194-195 
Resolution; 16, 23, 33,75-76,239, 251, 

404 
RF power supply ; 410 
Rim lighting (iconoscope) ; 91-92, 407 
Ringsight; 446-447 
RTMA test pattern; 239 

“S” distortion; 241 
Scanning; 1, 6, 7, 10-14, 20, 26-27, 59-60, 

65-78, 86-89,100-121, 159-177,237-
238,241-242 

Setup, video level ; 102, 132-133, 265-267, 
273,469 

Shading; 8,16,89-91, 124-125,238-239, 
241,264-265,294-297 

Sideband analyzer; 515-519 
Slide projector; 5,147-159 
Sound effects; 335-337 
Special effects; 148,150-158,262, 340 
Stabilizing amplifier; 2-3,28,98,139-

140, 271-277, 340,397-400, 461 
Studio acoustics; 190-191,335 
Studio lighting; 181-190 
Studio-to-transmitter link (STL); 28, 

203,429-430 
Superimposure; 17,157, 269, 340 
Sweep; (see Scanning) 
Switcher unit; (see Mixer unit) 
Synchronizing; 1-3, 6-7,10-14,17,19-25, 

98-121,139-140,142-145, 203-204, 
209 

distribution; 2-3,25,97,108,121 
generator: 1-2,19-25, 98-121,142-145, 

228,313-324,387-396,441-443 
pulse expander (sync stretcher) ; 37, 

139-140, 209-210, 461, 487-488 
remote phasing unit; 142-145,313, 315 

T 
Technical director; 95-96, 268-271,333-

342,445,459 
Telephotolens; 50-51,447 
Test pattern; 146, 237-242,246,264-266 

Thyratron oscillator; 377 
Transcriber kinescope; 175-176, 301-302 
Transmitter; 2-3,33-39, 203-217, 461-

565 
control circuits; 536-553 
control panel; 531-536 
DuMont', 35 
General Electric; 35, 206-210, 216-

217, 477-513, 528-529, 537-552 
maintenance; 553-565 
microwave; 27, 29,195,197, 434-435 
monitors; 463-465,515-527 
RCA; 35,211-214,466-467 

Tripod (camera) ; 92 
Tuning (transmitter) ; 473-477,503-513 
Turntable; 330-331,336-337 
Turret (lens) ; 5, 50, 247, 255 

alignment; 247 

U 
UHF channels; 32 

transmitter; 214-217 

V 
Vertical field (lens); 42-43,450-451,458-

459 
Vestigial sideband; 33,205,463 

filter; 2, 34, 38, 213, 462-463 
Video amplifier; 2, 5-6, 8,14-17, 64-65, 

78-79, 81-82, 98,134-139, 271-277, 
350-368, 397-400 

Video analyzer; 245-253 
Video carrier; 1,32-33, 36-39, 465-471, 

473-477 
Video level; 95,98, 102-121,123,131-

133, 265-268, 384-386, 448, 469-471 
Video operator; 95-96,121,178-179, 225-

344,446-460 
Video recording; 170-178, 299-313 
Viewfinder; 1-2, 8-9, 80-84 

W 
Waveform monitors; 17,19, 30,95,102, 

121-131,140-142,225-232,262-268, 
377-387,408-411 

Waveguides; 200-202 
Wavelength-frequency conversion; 9-10 
“Wiping” techniques; 151-153,156 
Wrestling pickups; 460 

Y 
Yoke; 10-14,68,86 

Z 
Zoomar (lens) ; 50-51, 452-458 
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Level 
audio; 329 
video; 95, 98,101-121,123,131-133, 

265-268,384-386, 448,469-471 
Light; 4-5, 9-10, 41-42,48-49,181-190, 

253-254,342-343 
color; 4-5, 9-10, 49, 181-182, 249-253 
meter; 253-254 

Lighting, studio; 181-190, 342-343 
Linearity; 78,225-232 

controls; 68-69, 78, 227, 231, 334-335 
Line-lock circuit ; ( see Automatic fre¬ 

quency control ) 
Low frequency compensation; 79-80, 

352-355 
Lumen; 182-183 

M 
Magnetron; 203 
Maintenance 

amplifier, audio; 426-427 
amplifier, video; 350-368, 397-400 
antenna system; 564 
blocking oscillator; 376-377 
camera; 412-423 
camera control unit; 423-425 
camera switcher; 425 
capacitors; 564-565 
clamper circuit; 369-372 
clipper circuit; 391 
contactors; 561-564 
counter circuit; 391-392 
film; 299 
film camera; 308-310,405-407 
film camera control unit; 408-411 
film projector; 400-405,408 
image orthicon; 349 
jacks; 348,427 
lens; 408 
microphones; 426-427 
monitors; 377-387 
multivibrator; 374-377 
power supplies; 426 
records; 345-347 
relays; 561-564 
schedules; 346-350,553-555 
stabilizing amplifier; 397-400 
switches; 561-564 
transmitter; 553-565 
tubes; 345,555-561 
yoke; 372 

Microphones; 190-191,324-329, 341,426-
427 

boom; 190-191,324,328 
Microwave relays; 196-203, 429-440 
Mixer unit 

audio; 98-99, 179,329-330.426-427 
video; 17, 98, 134-139, 268-271, 425 

Modeling lighting; 187-188 
Modulation; 33-38,203-205,209-210, 212, 

465-471,493-498 
FM; 33,203,205 
monitor; 515-527 

Monitors; 2,16-17,30, 81-84, 95, 98,102, 
121-131,140-142,179, 225-232, 262-

268, 377-387 
transmitter; 463-465,515-527 

Monoscope; 98,144-147,230-232 
Montage amplifier; 153-157,340 
Mosaic; 5-6,10,84-85 
Multiplexer; 159,278-279 
Multivibrator; 69-70, 115-121,374-377 

N 
Negative transmission ; 38 
Networks, program distribution; 28-32, 

193-196 

() 

Operating techniques; 
remotes; 429-460 
studio; 225-344 
transmitter; 515-565 

Operator 
audio; 95-96,324-331,336-337,342, 

459-460 
video; 95-96,121, 225-334, 446-460 

Orthicon: (see Image orthicon) 
Oscillator; 108, 201-203, 461 

blocking; 65-68,111-112,376-377 
klystron; 201-203,435-438 
magnetron; 203 
multivibrator; 69-70, 115-121,374-377 
thyratron; 377 

Over-coupled transformer; 474-477, 493, 
496-497 

P 
Pairing; 22-23,101 
Pan; 9,253-257,260 
Patch panels; 178-179,343-344 
Peaking coils; 15-16, 78-79, 364-366 
Pedestal; (see Blanking) 
Perambulator; 190-191 
Persistance of vision; 13 
Phase distortion; 239, 350-357 
Pickup head; (see Camera) 
Pickup station; 28 
Pickup tube; 1-2, 5-8,10-15,51-61, 84-92, 

232-254 
Polo pickups; 460 
Power supplv; 18-19,107,410, 426, 498-

502 
supersonic; 166 

Pre emphasis; 529-530 
Production terms; 260-261, 269-271, 297-

298,331 
Projector; (see Film, projector) 

slide; 5, 147-149 
Pulse-cross; 319-324, 393-396 
Pulse distribution; 2, 25, 97, 108, 121 

expander (svnc stretcher) ; 37,139-
140,209-210,461,487-488 

measurement; 317-324,368-377 

Q 

“Q”; 474-475 
Quadrature-phase feed; 217-218 
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R 
Recording, video; (see Video recording) 
Reference levels; 19-20,102-121,123, 

131-133, 265-268, 329, 384-386 
Reflectar (lens); 50-51 
Reflectometer; 213,473 
Reflex klystron ; ( see Oscillator, kly¬ 

stron) 
Relay; 27-31,137-139,193-203, 429-460, 

536-553, 561-564 
Remotes; 28,142-145,198-200, 429-460 
Remote sync-phasing unit; 142-145,313, 

315 
Repeater amplifier; 194-195 
Resolution; 16,23, 33, 75-76,239,251, 

404 
RF power supply; 410 
Rim lighting (iconoscope) ; 91-92, 407 
Ringsight; 446-447 
RTMA test pattern; 239 

S 

“S” distortion; 241 
Scanning; 1, 6, 7,10-14, 20, 26-27, 59-60, 

65-78, 86-89, 100-121,159-177,237-
238,241-242 

Setup, video level ; 102, 132-133,265-267, 
273,469 

Shading; 8, 16,89-91,124-125, 238-239, 
241,264-265,294-297 

Sideband analyzer; 515-519 
Slide projector; 5, 147-159 
Sound effects; 335-337 
Special effects; 148,150-158,262, 340 
Stabilizing amplifier; 2-3,28,98,139-

140, 271-277, 340,397-400, 461 
Studio acoustics; 190-191,335 
Studio lighting; 181-190 
Studio-to-transmitter link (STL); 28, 

203, 429-430 
Superimposure; 17,157, 269, 340 
Sweep; (see Scanning) 
Switcher unit; (see Mixer unit) 
Synchronizing; 1-3, 6-7,10-14,17,19-25, 

98-121,139-140,142-145, 203-204, 
209 

distribution; 2-3,25,97,108,121 
generator; 1-2,19-25, 98-121, 142-145, 

228, 313-324, 387-396, 441-443 
pulse expander (sync stretcher) ; 37, 

139-140, 209-210, 461, 487-488 
remote phasing unit; 142-145,313, 315 

T 
Technical director; 95-96, 268-271, 333-

342,445,459 
Telephotolens; 50-51,447 
Test pattern; 146, 237-242, 246,264-266 

Thyratron oscillator; 377 
Transcriber kinescope; 175-176, 301-302 
Transmitter; 2-3, 33-39, 203-217, 461-

565 
control circuits; 536-553 
control panel; 531-536 
DuMont; 35 
General Electric; 35, 206-210, 216-

217, 477-513, 528-529, 537-552 
maintenance; 553-565 
microwave; 27,29,195,197,434-435 
monitors; 463-465,515-527 
RCA; 35,211-214,466-467 

Tripod (camera) ; 92 
Tuning (transmitter) ; 473-477, 503-513 
Turntable; 330-331,336-337 
Turret (lens) ; 5, 50, 247, 255 
alignment; 247 

U 
UHF channels; 32 

transmitter; 214-217 

V 
Vertical field (lens) ; 42-43, 450-451, 458-

459 
Vestigial sideband; 33,205,463 

filter; 2, 34, 38, 213, 462-463 
Video amplifier; 2, 5-6,8,14-17,64-65, 

78-79, 81-82, 98,134-139, 271-277, 
350-368, 397-400 

Video analyzer; 245-253 
Video carrier; 1, 32-33,36-39, 465-471, 

473-477 
Video level ; 95,98,102-121,123,131-

133, 265-268, 384-386, 448, 469-471 
Video operator; 95-96,121,178-179,225-

344,446-460 
Video recording; 170-178, 299-313 
Viewfinder; 1-2, 8-9, 80-84 

W 
Waveform monitors; 17, 19,30, 95,102, 

121-131, 140-142, 225-232,262-268, 
377-387,408-411 

Waveguides; 200-202 
Wavelength-f requency conversion ; 9-10 
“'Wiping” techniques; 151-153,156 
Wrestling pickups; 460 

Y 
Yoke; 10-14,68,86 

Z 

Zoomar (lens) ; 50-51, 452-458 
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