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Preface

Television stands today as a challenge to every man in the field, or contemplat-
ing the field; a challenge fo 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 handbaok for operators already in the field. The reader should
have fundamental radio knowledge, and have, or be concurrently studying for, a
Radiotelephone First Class Operators license, or equivalent backgreund.

The handbook is arranged as follows:

Chapters (1-5) — WHAT THE OPERATOR SHOULD KNOW
ABQUT THEORY.
Chapters (6-8) — OPERATING TV STUDIO EQUIPMENT.

Chapters (9,10) — OPERATING TV FIELD EQUIPMENT.

Chapters (11, 12) — TRANSMITTER CIRCUITS, OPERATION
ANTY» 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 ntmost 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 alse contains a handy reference guide to TV Rules and
Regulations most important to the operator.
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CHAPTER

Introduction to lelevision:
What the Equipment Does

Introduction to Chapter One

We are about to piunge headlong inta
a basic description of each major com-
poner:t concerned with the video signal
at the TV broadeast station. In practice,
these various units ave so interdependent
that it is difficult to cleariy 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 tym
reader will grasp more of the content of
the following sections. Fig. 1 is presented
to aid in this understanding.

This figure is a simpiified block dia-
gram of all units discussed at studio
and transmitter. The numhers designate
the section number whieh concerns this
particular unit. It would be well for the
reader to refer to this diagram often
during the rest of the chapter sa that
the 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
phatosensitive 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 pulse 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 deseription.) 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 titme 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 seanning beam so that
it is inva posiiion to start another line of
image scanning. At this same time, the
horizontal (or line) syne pulse is trans-
mitted on the video carrier which causes
the receiver sync circuit to be similarly
triggered. Also at approximately this
sanie time, a “blanking” pulse is trans-
mitted. This pulse drives the receiver
picture tube into cut-off, extinguishing

1
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the beam so that this rapid retrace line
will rot be visible to the viewer.

This action is repeated until the cam-
era seanning 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 of the picture
raster. Also, a wvertical sync pulse is
transmitted upon the video carrier so
that the receiver is triggered the same
way. Again, a blanking pulse is simul-
tanecusly 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 t(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 contrals them in am-
plitude and quality, and passes them on
ta the switching panel. It should be noted
that the composite sync pulses from the
svne 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 blarking
are therefore transmitted along with the
video signal from tke 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 re¢tina, 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 1.1A. Basic action of a lens.

Figure 1.1B. Formation 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 arraw (not shown in this diagram)

are obviously bent an equal amount from the

outer edge of the lens (See Figure 1.1A) 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 advane-
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

e

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
neavrer 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. Iig.

CHROMATIC
ABERRATION

\
|
[

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.

4

Figure 1.1D. 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 fens.
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Figure 1.1E. Television camera lens turret with 4
size lenses.

1.1 shows the basic idea of a “color
corrected lens.” The original fault is
krown 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 ° 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” accomnmodating 4
different types as shown in Fig. 1.1E.
The turret is rotated by the operator
from the rear of the camera.

1.2 ThePickup 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) 1is termed the “pick-up
head.” It contains the lens and iris sys-
tem, pickup tube, horizontal and vertical
deflection coils, alignment coil, focusing
coil, horizontal and vertical deflection
amplifiers, blanking amplifier, and video
signal preamplifier.

There are two prircipal types of pick-
up tubes used in TV transmission sys-
tems, the Image Ortlicon, 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. Tt was used for many
years for all types of TV programming,
but is new used principally for telecast-
ing motion picture films or slides.

I'ig. 1.2B illustrates the basic action
of the iconoscope. The tube is composed
of two main sections, the beam-forming
and seanning 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 wosdic of the iconoscope is a sheet
of mica upon whicl: are thousands of
individwal “silver globules” insulated

Figure 1.2A. RCA 1850-A iconoscope. Courtesy
RCA.

0 &
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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 conjunction 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 wariations 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 Orthican type pickup tube.
Courtesy RCA.

TFig. 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 photoelectrons 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 light 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 poirt. Therefore, elec-
trons on the back side of the glass will
leak through to the frent at that point,
which now leaves the back side positively
charged at that point of the surface.

The seanning bear from the electron
gun is ebviously “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 aniplification.

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

FOCUS COIL

FORNARD BEAM COMCENTRATLS £LECTAONS

SCANNING

coIL
SWELPS BEAM

RETURM BEAM

Br SIGNAL
outeut O

Figure 1.2D. Fundamental actian af image Orthicon tube. Phata Caurtesy 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. 1t consists of three basic
sections, the ilnage 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 clectrons 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

8-

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 TheViewfinder

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 generai 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 heod with electronic view-

finder mounted on top in normol operoting posi-

tion. Also shown is the lens furret control. This

hondle is squeezed to releose the position lock

ond turned to position the choice of lens in front
of the comera. 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 feld 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 eontrol.

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”
partions 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.

L4 Frequency and War elengths

The velocity of radiant energy (radio
waves, light waves, ete.) 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 eyeles

per sec.)
300,000
orW— ——
f (in ke)
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:

Wavelength Limits Frequency Limits
Nature af in Centimeters in Megacycles
Light Waves
Max. Min, Min, Max.
Infrared 0.1 0.00008 300,000 375,000,000
Visible 0.00C08 0.000038 375,000,000 790,000,000
Ultra Vialet 0.000038 0.0000012 790,000,000 22,500,000,000
Table 1.4A
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= 0.00000001 or 10°®
centimeters. (cm)
0.0000001 or 10 * milli-
meters (mm)
0.0001 micron ()
0.1 Millimicron (mg)

1.0 Angstrom

The visible light spectrum, as meas-
ured in Angstron units covers the range
of 3800 to 8006 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°® 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 TheScanning 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 sweep 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. Therefare, the actual scan at the camera starts

at lawer left battam, which is actually upper left tap af the image. Thraughaut this text the scan is

said to start at upper left tap, which refers ta the picture itself rather than the relative pasitian af
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
“gpside 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, yon 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 s«w-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 irstead 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

11
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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. 1.6B 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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This will be made clearer if we go back
10 furdamentals 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
wzs 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
scanring were used, “field” and “frame”
would be one and the same. Frame repe-
tition rates of 30 per second, if scanned
(illuminated) only once in the frame
time, produce noticeable icker. 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 Coniplete 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

SAWTOOTH \\
CURAENT IN*y™

)
ditd o o

SAWTOOTH CURRENT IN "M

Figure 1.5D. Current in the harizantal (H) de-
flectian cail causes the electran beam to deflect
fram left ta right, then rapidly retrace as shawn.
The start af the secand line will be lawer fram
the tap of the raster as shown because af the
saw-taath current in the vertical (V) cail, which is
lower in value as shawn. The frequency af the
H trace is 15,750 cps; the frequency af the V
trace is 60 cps.
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Figure 1.5E. Necessary scanning pattern if ‘even

line" interlaced scanning were used. In this case,

the ', line difference wauld necessarily accur

vertically, camplicating the design and adjust-
ment af 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 detail in Chapter 2.

1.6 TheVideo 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 tube 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 transmissiom 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 0.06 to 0.6
valts 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 inc'ude 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 amplifieation at high
frequencies. In the design of such am-
plifiers, vacuum tubes of iow 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
iz 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-follower circuit which feeds the
coaxial line to the camera cantrol 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 erergy, 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 ig 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 Ry
“follows” the grid input voltage in R,
and is therefore of the same polarity.
The output impedance is low, conveni-
ently matching a ceaxial 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.

Videc 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) toachieve flat response
over a broad band, known as the pass-
band. The passband should be at least

y———0 B¢
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Figure 1.6A. Basic cathode-follower type output
circvit of video preamp.
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20 cps to well over 4 megacycles per
second.

8. 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 farm 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 ohject,

&)

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
Momnitor 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

Figure 1.7A. Courtesy RCA.
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camera control units generally use a 7
iuch 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
cutput 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 syne 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 syne 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 usually 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 seript
of the shaw. 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 oumtputs 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 ¢amera output de-
sired to be transmitted is selected.

The switching console is installed
either alongside the camera control units
as in Fig. 1.7TA, or somewhere in visual
range of the monitors, se 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. Syne
(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 sym’” 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 nsually incorporated in this unit.
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Figure 1.9A. Basic schematic af regulated pawer 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 R, 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 R, and R;, 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
mirimum to maximum load. A switch is
provided for switching from a load
range of 50-80 MA, and 80-400 MA.

1.10

The synchronizing generator supplies
the control pulses and sync pulses which
co-ordinate the receiver wita 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-
“erred to as the pedestal, upon which the
synehronizing signal (see below) is

‘The Synchronizing Generator

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

4. Synchronizing Signanls. 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 ¢ps), and (b)
longer duration vertical sync pulses (60
cps) which are “serrated” in form, and
(¢) 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 pu!ses at one-half
the horizontal frequency (7875 ¢ps) and
cone-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 1.7). 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 waveform in this
figure is drawn so that “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 sync generator fires the
rapid discharge of the sawtooth genera-
tor in the pickup head which thereby
“retraces” the scanning beam. This

+19



Introduction to Television

T S AW TOOT—H/

RETURN

EXTINGUISHES
SCANNED SIGNAL
iIN PICKUP TUBE
CAUSES RETRACE

("H" SAW RETURN INITIATES

RETRACE AND TRIGGERS

CAMERA BLANKING AMPLIFIER)

C

(———Tuse Y

START OF END OF
FIRST LINE FIRST LINE
S —— RIGHT SIDE
OF PICTURE
et .
SCAN ‘BEAM o __ ___ _ _ REFERENCE
| ! BLACK
i
|
I SIGNAL QUTPUT
- ) OF CAMERA (ont Lne»™™ | prpeRencE
- | WHITE
!
I
"H* SAWYOOTH | |
| | LEFT SIDE
| | OF PICTURE
PICTURE TuBE | |
TARGET DRIVEN | |
: _______ STune ) NEGATIVE | I o
S e ~ TBLACK
i
. |
o _____l___<|___REF.
WIIITE
- J

! " 2nD vIDEO LINE
PEDESTAL | I
_______ | . A _}_ PR ———
|
| I syNC puULSE
MAX. CARRIER TRIGCERS *H* RETRACE
LEVEL ~N | / AT RECEIVER
FRONT T ! BACK

| THIS PULSE

| EXTINGUISHES
BEAM IN REC.
PICTURE TUBE

KINESCOPE | JOCCURS AT
BLANKING PULSE RETRACE TIME
) lAT CAMERA

A" PORCH

Figure 1.10A. Harizantal 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

World Radio Histo
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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. 2.10B 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 scarning 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-
turred 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

18 525 X 30 = 15,750 eps.

and 1 H 65.5 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 1 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 2621% 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
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Frequency in

during 13 to 21 horizontal line scans.

IDENTITY OF PULSE pulses per second Duration at Duration in
{pps) base (H) Microseconds
Horizontal Blanking 15,750 0.18 11.43
Horizontal Sync 15,750 0.08 5.08
Equalizing 31,500 0.04 2.54
Vertical Serrations 31,500 0.07 4.44
Vertical Symc 31,500 0.43 27.3
Vertical Blanking 60 13.1 (min.) 833.4 (min.)
21.0 (max.) 1333.3 (max.}

1 H is the duration of one horizontal line, or 63.5 microseconds. Since the harizontal blanking
pulse is 0.18H, or 11.43 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

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 ¢ps) 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 R, 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 R, 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 R,,
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. 1.16B. 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 syne 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-
grating 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 at 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 rectrace (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
C. 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 C. 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.

DIFFERENTIATING CIRCUIT

HORIZONTAL
SYNC.QUTPUT

o—]

COMPOSITE
SYNC INPUT
OF RECEIVER

SEE TEXT

SYNC
SEPERATOR

{Differentiator).

tegrator).

INTEGRATING CIRCUIT

Ry Ci comprises a high-pass filter responsive to the horizontal sync pulses (15,750 pps).

R: C2 comprises a low-pass filter responsive to the vertical sync pulses (60 pps). {In-

VERTICAL
SYNC.QUTPUT

Figure 1.10D.
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Figure 1.10E. Simplified black diagram af 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 syne
pulses (which are of long duration and
short spaced) permits only a short charge
time butalong discharge time for C.. 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 frequeney 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 ave 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 60 cps (derived
from a frequency dividing chain which



Introduction to Television

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
suca as 7, b, 5, and 3 respectively. The
combined product of 7 x5 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
frevquency of the master oscillator. A
fifth counter circuit, dividing the master
oscillator frequency by 2, vields 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 transerip-
tions and recordings in AM-FM stations.
€onsiderable 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 filin, 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
stagre 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
projectior: 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 upen 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 frane 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 syne
generator. There are two general
methods in use:

«. 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

* 25
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Figure 1.11A, 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, ar 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 213 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 enly 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 e¢ither by a mechanical shutter or
strobolite, and the camera pickup tube
is seanned 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 1/60th of a second. It takes the
scanning aperture approximately
1/750th 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 1/750th of a second. In prac-
tice, this flash of light is made 1/1200th
of a second. Thus we may see that the
filn picture is flashed on the mosaic of
the pickup tube for only 1/1200th sec-
ond every 1/60th 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
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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 transmtssion (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. IYig. 1.12A illustrates the method
used at WLW-D for relaying baseball
telecasts from Hudson IField 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 fhe 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 1.12B. One of the 35 stations on the New

York-Chicago radio relay route. This station, lo-

cated in Indiana, is 190 feet high. Courtesy
AT.&T,

main purpose is to correct faulty video
signals from field pickup equipment and
transmission characteristics such as
noise, switching surges, improper synec-
to-signal ratio, etc. Such a unit includes
circuits for separating sync signals,
wave 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 2 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 miero-
wave signal into an amplifier to eompen-
sate for the original transmission loss.
The output of this amplifier then feeds

N’

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. Thre 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 12 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 ond sound equipment ot eoch position give

technicians finger-tip control in testing, mointoining, and switching the network channels. Courtesy
AT.&T.
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Figure 1.12D. A cross-section 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 pragram. {(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 phote 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 1.12E. 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 cabie. This installation is
now completed. Courtesy A. T. & T,
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Figure 1.T3A. Simple representotion of composite video woveform

trated in Fig. 1.121). 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 staticns are unattended
and receive power for the amplifiers over
the cables themseives. 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 movenients 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
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through a slotted plowshare which
buries the cable as the tractor progresses
across the land.

1.13 T'he Nature of TV Warveforms
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) < 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.

Freq. of Freq. of Freq. of Freq. of
Channel = Frequency Visual Aural Channel | Frequency Visual Avral
No. Limits (Mc) |Carrier (Mc) Carrier (Mc} No. Limits (Mc) |Carrier {Mc) Carrier {Mc}
2 54-60 55.25 59.75 43 644.650 645.25 649.75
3 $0-66 61.25 65.75 44 650-656 651.25 65575
4 66-72 67.25 7175 45 656-662 657.25 661.75
5 76-82 77.25 81.75 46 662-668 663.25 667.75
é 82-88 83.25 87.75 47 668-674 669.25 673.75
7 174-180 175.25 179.75 48 674-680 675.25 679.75
8 180-186 181.25 185.75 49 680-686 681.25 685.75
9 186-192 187.25 191.75 50 686-692 687.25 691.75
10 192-198 193.25 197.75 51 692-698 693.25 697.75
1" 198-204 199.25 203.75 52 698-704 699.25 703.75
12 204-210 205.25 209.75 53 704-710 705.25 709.75
13 210-216 211.25 21575 54 710-716 711.25 71575
14 470-476 471.25 47575 55 716-722 717.25 721.75
15 476-482 477.25 481.75 56 722-728 723.25 727.75
16 482-488 483.25 487.75 57 728-734 729.25 733.25
17 488-494 489.25 49375 58 734-740 735.25 739.75
18 494-500 495.25 499.75 59 740-746 741.25 74575
19 500-506 501.25 505.75 60 746-752 747.25 751.75
20 506-512 507.25 511.75 61 752-758 753.25 75775
21 512-518 513.25 517.75 62 758-764 759.25 763.75
22 518-524 519.25 523.75 63 764-770 765.25 76975
23 524-530 525.25 529.75 64 770-776 771.25 77575
24 530-536 531.25 535.75 65 776-782 777.25 781.75
25 536-542 537.25 541.75 66 782-788 78325 787.75
26 542-548 543.25 547.75 67 788-794 789.25 793.75
27 548-554 549.25 553.75 68 794-800 795.25 799.75
28 554-560 555.25 559.75 69 800-806 801.25 805.75
29 560-566 561.25 565.75 70 806-812 807.25 811.75
30 566-572 567.25 57175 71 812-818 813.25 817.75
31 572-578 573.25 57775 72 818-824 819.25 823.75
32 578-584 579.25 583.75 73 824-830 825.25 829.75
33 584-590 585.25 589.75 74 830-836 831.25 835.75
34 590-596 591.25 595.75 75 836-842 837.25 841.75
35 596-602 597.25 601.75 76 842-848 843.25 847.75
36 602-608 603.25 607.75 77 848-854 849.25 853.75
37 608-614 609.25 613.75 78 854-860 855.25 859.75
38 614-620 615.25 619.75 79 860-866 861.25 865.75
39 620-626 621.25 625.75 80 866-872 867.25 871.75
40 626-632 627.25 631.75 81 872-878 873.25 877.75
41 632-638 633.25 637.75 82 878-884 879.25 883.75
42 638-644 639.25 643.75 83 884-890 885.25 889.75
Table 1.13C
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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 49& = 664
(approx) horizontal elements. Thus we
determine that about 664 “picture ele-
ments” are contained in each lin2 of pic-
ture information. Since there are 498
active lines:

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

Thus it is found that a complete frame
wili contain approximately 330,672 pic-
ture elements.

Visualize this data as foilows: each
Gne width in the picture is the diameter
of the scanning spot. Since thers 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 pizture

elements
Bandwidth =

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

X number of pictures
per second

664
Bandwidth = -—— =1332

2
832 X 525 % 30 =
5,229,000 cps.
or approximately 5.3 megacycles per
second.

or:

It is noted in the above ccmputation
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 mc as
compared to the 5.3 mc 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 rmc. The visual car-
rier is located 4.5 mc 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 mc lower than
the upper frequency limit of the chan-
nel.

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

The relationship of TV channels 2
through 83 is shown in Table 1.13C.

1.14

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.

TV Transmitters and Antennas

One hundred per cent modulation of a
regular FM broadcast transmitter in
the 88-108 mc region is referred to = 75
ke, or a total modulation bandwidth of
150 ke. In television, however, the FM
aural transmitter refers to 100% modu-
lation as = 25 ke, or a total modulation
bandwidth of 50 ke.
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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
mec. 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

34 -

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 wvestigial 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,

World Radio Histo
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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. RCA TT-5A. For TV channels 2
through 13. Modulates the grid circuit
of the power amplifier output stage
(kigh 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 mc below
the carrier frequency (discussed more
fully later). The RCA TT-5A transmit-
ter is illustrated in Fig. 1.14A.

2. General KElectric TT-7-:A/B. For
TV channels 2-13. Low level plate 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 nand oper-
atior) 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 videp 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 figure 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:

figure of merit =

where gm = tranconauctance in
micro-mhos
C.=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

95 fe )
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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of 199 ohms at 4 me. (X =

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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Another type of circuit commonly ased
in conjunction with the DC restorer is
known as a clamping circuit. Such a cir-
cuit maintains a constant voltage (evel
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 amptifier 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).

(¢) 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

3
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and dissipates its power in the load re-
sistor R. The high pass filter aliows the
upper sideband to pass, and the notch
filter is an arrangement so tune: that it
produces a “notch” at the critical point,
dissipating energy at a frequency 0.25
megacycles below the lower Iimt of the
channel. This provides protecticn 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 radizstor.

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

E-W RADIATOR

N-S RADIATOR

A4 PHASING

. ‘ LOOP

VISUAL
TRANSMITTER

BALANCING
IMPEDANCE S

TRANSMITTER

Figure 1.14E. Diplexer.

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 millivalts 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 Leni

The lens is the deviee 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. 2.1A
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-
ticn, (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 he is with the gereral
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 2.1A. Courtesy Eostmon Kodak Compony.
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Figure 2.1B. Actucl comerc lens moy be com-
posite lens for correction of certain apticol de-
ficiencies.

tem consisting of a number of different
types of lens. In most cases, the indi-
vidual lens are cemented together, giving
the physical appearauce 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 ienses.

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

s /x
= L ==
oBJECT ?\\V/ FOCAL

=" pOINT
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Figure 2.1C.
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Figure 2.1D. 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 (8) 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

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 8%%".

The most apparent distinguishing
characteristic of the F of a lens is the
physical length. This is illustrated in
Fig. 2.1A. 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. 2.1D 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 ahle 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
2.1E 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 FROM THE OPTICAL CENTER OF Distance of Subject
TI{E LENS TO TME IMAGE, WHEN THE LENS F from Lens
IS FOCUSED ON (NFINITY. In practice, “in- : PV —
finity” is any objects at distance greater ngllstl-li(fegcs;tlve Width of Field
than 100 feet from the lens. (width in inches)
Total Horizontal Field
Description f:Number Angle. (Width of Field)
Studio camera lens 35mm (1%27)........ ... .. . . .. . £:3.3 51.5
Studio camera leas 50mm (2”).......... . ... ... . .. .. f:1.9 34
Studio camera lens 90mm {3%2").......... ... ... ... . f:3.5 19
Studio camera lens 135mm (5.37)... ... ... ... ... . f:3.8 139
Studio and Field camera lens 8'2".. ... . .. .. ... .. £:3.9 8°
Studio and Field camera lens 13", ... .. £:3.5 55
Field camerafens 15”...... .. ... ... . . ........... :5.0 4,50
Field camera lens 17”7, ... ... .. ... .......... f:5.0 40
Field camera lens 25" ... .. .. .. .. ... ... ... .. .. .. f:5 2.75°

Toble 2.1E.
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That is; the focal length (F') is to the
mosaic (in an iconoscope) or the photo-
eathode (in an image orthicon) as the
distance from the lens to the subject is
to the width of field. The widti of field
18 the horizontal area covered fcr a given
distance from the lens.

As an example of determining the
width of field for an 8% " 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)
thas:

8.5 10 ft. (1267)
1.2” X

The width of the photocathode in all
image orthicon tubes may be taken as
1.2 inches, as shown in the zbove for-
mula.

Soiving:

8% X = 168
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 tield for an
8'%"” lens when used with an iconoscope
camera; the width of the masaie in an
iconoscope tube is 4.75 inches, and our
equation becomes:
8.5"

4.75" X
then 8.5 X = 570"

and X = 67" or 5.58 feet {approx.)

Therefore

120”7

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 somewha! ‘nferior to
that obtained from the mare sensitive
image orthicon,

TV standards call for an aspect ratio
of 3 units high to 4 units wide. Thus the
vertical field is 2 of the horizontal field,
and the light sensitive surfaces of pickup
tubes are proportioned accordingly. Thus

the vertical field for the immage orthicon
in the abave example is 3% of 1.7 feet, or
approximately 1.27 feet. For the icono-
scope, the vertical field is 3% 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-
yroduction. 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, 1ue 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 eve. 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 allows 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 value
F = focal length
D = lens diameter with iris

opened wide (Iris open-
ing diameter).

Thus it is obgerved that the f: num-
ber is rated in proportion to the focul
length. If the widest stop on our iris is
one inch, and the lens is an 8% inch
focal length:
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f= f:8.5

For the same 8% 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
an f: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 £:3.5, £:5.5. A relative “slow”
lens has values of :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: DEPTII OF FIELD IS TIIE
DISTANCE BETWEEN THE NEAREST OBJECT

IN FOCUS TO THE FARTHEST OBJECT IN
FOCUS, WHEN THE LENS 1S 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 nenr 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.

e
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Figure 2.1G. Greatly exaggerated drawing of “circles of confusion.”
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Figure 2.1H. lllustrating haw smaller stop number reduces “circles af canfusian,”” giving sharper image.

It should be noted at this time, that the
field behind the principal foca! point is
greater in depth than the feld 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 faniliar with
the hyperfocal distance, he may more
readily correlate the operational orop-
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

| I

Figure 2.11.

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

1000 IF !
- ——— inches
f

Example: Assume a lens of 50mm (2
in.) focal length (F) using a stop open-
ing of f:4

1000 (2) 2000

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 fram 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 distanee 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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Focused Distance Nearest and Farthest Limits of Depth of Field
In — — — —
Feet H=175" | H=250" | H=350" | H=500" | H=700" H=1000"
3/ 2” 3/ 4'/2” 3/ 6” 3/ 8” 3/ 9)/ 3/ 9‘/2”
4 5" 6" 4NN 4’ 7" 4’ 57 4’ 3" 4’ 2"
4/ 9’/ 5/ 3” 5/ 7‘/2” 6/ o’l 6/ 3” 6/ 5'/2”
7 13" 5%2" | 10" 8" 9 2" 8 5" 7'Nnn” 7 7A"
5017 6 9 7' 5% 8 1 8’ 6" 8N’
10 3110”7 197 3" 157 22" 137 2" 12/ 1”7 1M 4"
7' 4" 8 8K"| 9N” 1n’ o” nmn’ 12’ 82"
15 © 53" 7" 30'10%" | 23" 5" 20" 2" 18" 3"
9" 2" | 11 4" [ 13" 5" [ 15 7R 1177 6" 19/ 37
25 ® @ 175" 0" 62" 6" 43’ 97 35" 97
14" 7" 200" 29’ 2" ‘ 41’ 8" 58" 4” 83" 4"
@ @ @ @ a On @
0 = infinity
Table 2.1J.
Hyperfocal Distance at f: Stop Number
Focal —— 3
Length | 2 f:3 £:3.5 f:4 f:4.5 £:5.6 | £:6.3| £8 | f11 16 22
50mm {2") 55'6" 47'7" 4179”7 37’ 1729’ 97,26’'8"120°11"151710°6"| 7’ 4"

83'6"

90mm (3'2")[146'0"

97'3" 834" 73'0" 6410”52’ 0" 468”36’ 6”/26'6"18’3"13" 3"

135mm (5.3”)/229’37'152/9” 1310”7 114’7”101°10”/81°10"73°6"|57" 4"(41'9"28’8"(20"11"

Table

(500)-(600) 300,000
e — 272.7 inches or
1100 1100 about 22'8".

The farthest limit of depth of field
would be:

300,000 300,000

500-600  -100

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 2.1J presents the
nearest and farthest depth of field limit-
ing distances for various values of H and

46

or infinity (Since an-
swer is negative)

21K,

distances focused upon. I¢ 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 2.1L,
2.1M and 2.1N 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 2.1N
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 269" 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 2.1M, it is noted that the 3% " lens
at stop opening f:3.5 focused at 10’, has
a depth of field range from 811" to
11'4'%%2", or about 2'5%2”. Stopping the
lens down to f:8 gives a limiting range
at 10, of 7'10%4” to 13'9%"”, or about
511%", Thus the effective depth of field
is increased from 2'5%2" 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

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 affecting depth of field
should be pointed out nere. Observing
again Table 2.1N, the 52" 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 365 feet. Thus depth of field for
any given lens will be increased by mov-
inyg the camera bacl from the scene.
Again, of course, the image size of any
given object is smaller. The reader
should thoroughly grasp these various

production. relationships before proceeding with
Theoretical Limits of Depth of Field for Lenses of 50mm (2”) Focal Length
Distance In Feet
f:Number — — — —
2’ 4’ 6’ 8’ 10’ 15 20’ 30’ 50’ ©
(V0373 937 57 747 70 31 811" 122 87 1 167 17 22717 | 31737837 4"
f:2 [2°005714" 24" 67 55" 810" | 11/ 4" 18" 3”7 | 26’ 4" 47'0” 1250 o
711”7 13" 8L 5° 4" 610" 8" 3" 11 5" | 14" 1" 18'5"  24'4"47' 7"
£3.5 2717 14’ al" 6’ 91" 9’ 71" 127 8" (2111 | 34’ 7" 550" | w ®
11033”71757 27 | 6 7" 7105"10° 8”7 | 13" 0" 167" 21'3"37' 1"
f:4.5 2 1§74" 537 7727 10" 24" 13’ 8" 25" 2”7 | 43’ 5"157'0" c @
1710173 537 4°10%"| 6’ 2" | 7’ 317 9/ 77 [ 11’ 5" 141" | 17'5"26’ 8"
6.3 22" 483" 779" N1’ 5" | 16’ 0" 34’ 3" 80" 0" ac @ ©
19773 447 4’ 87 | 5" 91" 6 9” | 8 81" 10’ 2" 12'31" 14'9"20"10"
£8 2’ 21741147 8 5” 137 0" | 19’ 3” |53’ 6" 500’ 0" ® @
1V 9L"3" 2" | 4’ 317 57 23" ¢ 0" | 7 & 8’ 7” 100" | 1'7"15" 1"
£11 2’ 3375 517 9111"17' 0" | 29’ 8" | o = - o .
1785721017 37 93" 4’ 61" 5 117 6 2" 610" 7’9" 87”10’ 5"
16 2' 53"6" 6" 14’ 2" (34’ 6" 1250’ 0" a © w© o ©
o0 = infinity
Table 2.1L.
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Theoretical Limits of Depth of Field for Lenses of 90mm (34 ") Focal Length

Distance in Feet
f:Number 4 6’ 8’ 10 15’ 20’ 30’ 50’ ©
39%”\s’ %" 7' %" 8117 128%716' 17 | 22 17 | 3173783’ 4"
£:3.5 14722"\6" 52" 810" 117 4%4"[18’3" 26’ 4" | 47’ 0" [125'0"| o
39U"|5" 6" 7' 1" 8’ 8”7 1227 15 34" 207 6" | 28’3"64710"
£:4.5 A3%" 6 7V 9 17117107 19'6” (287117 | 55'18" (218°6"
|3'8v 75" 3%" 6107 | 8 3" [11°4” 14" 0” | 18’ 3" | 24'2" 46’ 8’
£:6.3 4’47 6'10% " 9 8”7 127 9" |221" [35' 0" | 85 0" Y o
TS V% 6 T | 70%TI07RT 12117 | 167 5% 2171736 67
8 4’6" 7' 2%"10° 3”7 13’ 9%"25'5" |44’ 3" 168’ 6" o |
3'53%"4710%" & V%" 773" | 97" 11V 57 | 141" | 174" 26" 6"
f:11 4’82777 9" 117 5%2"16" 2" 347" 817 6" © © ©
3'3% "4’ 6% 5 6%”| &' 5%” 83" | 9 6%" 117 4" | 13'4"18" 3"
£:16 511,78 11%" 14 3" 22" 2" |84’3" © o o o
o0 = infinity
Table 2.1M.
Theoretical Limits of Depth of Field for Lenses of 135mm (5.3”) Focal Length
i Distance in Feet
f:Number - - - - —
Y 8’ 10/ 15 | 20" | 30 | 50 ©
s 8" | 7757 | 91va” | 1317 | 16’ 97 | 232" | 33%6” (101'10”
f:4.5 l6” 4va” | g’ 8" 1171”7 | 177 77 | 2410”7 | 423" | 98'6" | o
q{ )
5 6" 7' 2" 89" | 127 57 |15 8" | 2174" | 299" | 73’ 6"
£:6.3 6" 6" | 81117 1810" | 27’ 6" 50'8" | 156’6" ®
s 5%’ | 70" | 86" | 11/1" 147107 | 19'9" | 26'9" | 577 4"
£:8 |6’ 82" | 9’ 3%"12'14" | 20’ 47 | 30’ 9" | 63'6" | 3910”7 | o
5 3" &' 8" 81" n o 13 6" | 17’57 229" | 417 97
11 770" | 9n” 132" | 23’ 5" | 38" 6" | 107°0" © ©
A% 6 3" | 75" 910" | 117 9”7 | 14’8" | 183" | 28’ 8"
£:16 777 177 15’3 317 6" | 66" 3" © © o
o0 = infinity
Table 2.1N.

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 = —,)

48+

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
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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 o 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 cails) 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
1009% 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 2.1P. 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 Yideo 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 teleploto 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:11 or f:22 aperture, easily inter-
changed manually. An £: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
REPLACES REGULAR CAMERA

PUSH-PULL

FIXED BARREL

OPERATIONS LEVER

28 LENS ELEMENTS

TOOTHED LENS
BARREL ROTATOR

FRONT

TOOTHED-LENS BARREL
ROTATOR DRIVE

Figure 2.1Q. 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.
2.1, 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 £: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 black away
from the lens may be made to completely
fill the monitor screen. The Refectar 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 fhree 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 “lenseless 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. 2.1Q. The focal length (and
therefore picture area covered) may be
changed at will while in operation by
means of a single push-pall 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 18 inches and 5 to 22 inches.
It features continuousiy 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 £:5.6 to £:22. When using a
focal length above 127, it is recom-
niended that the widest stop used be f:8.
Either range of F may be stopped down
to £: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:11, 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 £: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 foca! length ranges men-
tioned above are accomplished by using
the specified “front lens.” The “wide-
angle” front lens allows the 8” 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 Iquipment.

2.2 Thelmage 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 Orthican (Drawings fram sample. Caurtesy R€A).
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tions. Fig. 2.2 illustrates the physical
construction of the Type 21I'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 refurn 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
anelectro-magnetic focusing field, causes
the electron bean to be focused upon the
rear of the target.

Grid 5 fs termed the decelerator grid.
The potential on this grid serves to ad-

ti/a

SMALL SHEL
DIMEPTAL |4:PIN =
BASE

PIN
PIN
PIN
PIN

PIN
PIN
PN
PIN

PIN
PIN
PIN

SOCKET CONNECTIONS
Bottom View

OIRECTION OF LIGHT
PERPENDICULAR TO
LARGE END OF TUME

1: HEATER PIN OYNODE No. 3
2t GRID ho. 2 Pli 102 OYNOOE No. I,
3: GRID No. 3 GRID No. 2
« INTER .
e e Plw 11: INTERNAL CONNE
©: DYNODE N .2 TION - DO NOT U3E
6: OYNODE N1 4 PIN |.: GRID No. |
“: ANODE PIN |17 CATHODE
#: DYNODE N 1.5 PIN 14: HEATER
KEYED JUMBO ANNULAK 7-PIN BASE
1: GRID No.5 PIN 51 GRID No.5
2: PHOTOCATHODE
3: INTERNAL COMNNEC- PIN 5: TARGET
TION - €D NOT USE
4: INTERNAL CONNEC- PIN 71 INTERNAL CONNEC-
TION ~ D NOT USE TION — DO NOT USE

Figure 2.2A. Showing the two bases of an image orthicon tube and the physicol dimensions. Also
bottom view of sockets connections. Caurtesy RCA.
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Figure 2.2B. Typicol dynode circuits of imoge
orthicon tube.

just the shape of the decelerating field
between the target and grid 4 to obtain
uniform eleetron 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 fo the anode. The
modulated beam is thus amplified some
500 times before reaching the anode.

1t 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 deereased in ampli-
tude. This action causes the signal out-
put voltage across R11 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:

Type 2P23: 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
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TYPICAL OPERATION AND CHARACTERISTICS

2P23 Type

5655 Type

5820 Type

5826 Type

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) 809, P. C. Volts. .. | —240 to —400 volts | —240 to —400 volts | —240 to —400 volts = —240 to —400 volts
3. TargetVoltage*. ... ... .. .. .. . . . . . . ... . .. 0 volis 0 volts* 0 volts * 0 volts*
4. Grid No. 5 Voltage (Decelerator) . . 0 to 100 volts 0 to 100 volts 0 to 100 volts 0 to 100 volts
5. Grid No. 4 Voltage {Beam Focus)....T .......... ‘ 160 to 240 volts 160 to 240 volts 160 to 240 volts 160 to 240 volis
6. Grid Na. 3 Voltage.. ... ... .. . . . . , 225 to 330 volts 225 to 330 voits 225 to 330 volts 225 to 330 volts
7. Grid No. 2 (Dynode No. !} Voltage. ... ... ... .. . 300 volts 300 volts B 300 volts 300 volts o
8. érid No. 1 V;)Itage (for picture cut-off)........ .. ... —45t0 —115 volts —35 to —100 volts —45to —115 volts —45to —115 volts
9. Dynode No. 2 Voltage............... ... ... .. .. 600 volts 600 volts 600 volts 600 volis
10. Dynode No. 3 Voltage... . ........... ... .. .. . .. | 880 volts | 800 volts 880 volts 800 volts
11. Dynode No. 4 Voltage. .. ... ... ... .. ... .. . . . 1160 voits 1000 voits 1160 volts 1000 volts
12. Dynode No. 5 Voltage............. ... .. .. . . .. 1450 volts 1200 volts 1450 volts 1200 volts )
13. Anode Valtage . ........... . 1500 volts 1250 volts 1500 volts - 1250 \Js—

14, Anode Current.. . ... . ... . .

50 microamperes

100 microamperes

50 microamperes

50 microamperes

15. Target Temperature Range. ..

35 to 60 degrees C.

45 to 60 degrees C.

35 to 60 degrees C.

45 to 60 degrees C.

16. Minimym Peak-to-Peak Blanking Voltage. ... ... .. ..

10 volts

10 volts

10 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

*Adjustable from 3 to +5 volts.

Toble 2.2C.
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Figure 2.2D. Speciral 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 respanse 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 5320: 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
apon 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 te obtain maxinium 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:

Ry (L) (m+ 1)’

T X
where: I, — scene illumination in foot-
candles
f = f:number of lens

I, = 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 neglecied except for ex-
{reme close-ups. Assunring 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-

TUBE

GLASS FACE OF

REFLECTED -

LIGHT i RELEASED ELECTRONS
FROM | (PHOTOELECTRONS )
SCENE

| rore00s N

LENS L
_J
PHOTOCATHODE
(SENSITIVE PHOTOELECTRIC
SURFACE )

Vel
*—O‘OOO-’/
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Figure 2.2E. Imoge section of imoge orthicon pickup tube. When light roys strike the photocothode,
photo-electrons ore coused to be releosed from the reor of *he surfoce. These electrons ore in pro-
portion to the intensity of the light striking the oreo.
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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 televised 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:
4X 8 x0.02 512
I, =——— = —— =146 ft-c
0.70 > 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 where 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-
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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

/ ACCE/LERATOR, GRID %6
—

Figure 2.2G. The released photoelectrons from
the photocathode are accelerated, by about 400
volts, to the target. Seconduory 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
secordary electrons are bounced out of the glass.
Since that point is deficient in electrors due to
this release, the point becomes charged with a
positive potential. Therefore, the corresponding
point at the rear of the target becomes charged
positive, since electrons rush to the frent 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-

point on the target will depend upon the
intensity ¢f 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 zoils cause the
beam to sweep across the target in ac-
cordance with the prescribed standards.
(Sections 1.5 and 1.10, Chapter One).
1f 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 ir 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.

dent that the extent of the charge at any  Naturally, the greater the positive
C FOCUS ) GRID 3
GRID 2
1 | B2A / GRID | ~ATHODE
TARZET rorwarp | | ___A_'L— Wi
RETURN X 6.3V AC
1 BEAM X
1 JL =
ALIGNMENT COIL
{ | FOCUS )
!
GRID 5 GRID 4
(DECELERATOR) (WALL COATING)

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 wall 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 shows 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:

TJARGET

GRID 2 AND
DYNODE |

Dynode 1 (grid 2).. 300 volts

Dynode2 .......... 600 volts

Dynode3 .......... 880 volts

Dynoded4 .......... 1160 volts

Dynode 5 .......... 1450 volts

Anode voltage ...... 1500 volts
DYNODES

N | H

FORWARD BEAM

—
L= = =) G
SR S -

RETURN BEAM

| 'y

[ wanzean

U

GRID 4—/

GRID 3_/

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-
lustrotion of electron poth.

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 resistcr is ob-
tained, and picture “noise” is dependent
orly upon the actual “shot effect” of the
electrorr beam itself. Signal output is
well above the noise level of the input
preamplifier stage.

Image Orthicon Operating Temperatures

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
im the neighborhood of 45 degrees. 45 de-
grees centigrade is 113 degrees fahren-
heit. (tf = 1.8 t. + 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 te the screen. This results in the so-
called “sticking picture” of apposite po-
larity from the original upor: 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
eoils and tubes is sufficient to hring the
operating temperature high enough, 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 temiperature 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

IFig. 2.3 A 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 (H and V deflection, focusing, and
alignment coils), the video preamplifier,
H and V deflection amplifiers (sweep cir-
cuits), and the blanking circuits.

I'or 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. 2.3B 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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Figure 2.3A. DuMont type 5098-A Television comero. The upper section is tne electronic viewfinder

described in the next section. The lower section is the pickup heod. This contoins the imoge orthicon

tube (not visible), the video preomp, H ond V deflectior generators ond H ond V blonking generotors.

Imoge orthicon controls moy be seen olong the lower left-hand corner of the photo ond verticolly
olong the right edge. These controls ore 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. I* 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
dizgram. 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




Details of the Television Camera

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 orperation
values of image orthicon tubes, section
22). 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 cornections (two
pins on tkis 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
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Figure 2.38. Image orthicon circits, DuMont TV camera type 5098-A. Courtesy 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 600, 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. 2 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 byrass spurious signals which
otherwise might modulate the dynode
electrons.

1.98-5, 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.

1t 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 R9812, to the arm of switch
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SW98-1, allowing voltage adjustment
from 960 to 1500 volts. This adjustment
prevents overloading of the last dvnodes
that might occur from the more sensi-
tive image orthicon tubes. The switch
and resistor network allows a voltage
adjustment to be made without & change
in bleeder current, which would other-
wise vary the load on the horizontal
sweep circuits. (The “flyback’ circuit
rectifies the horizontal sweep pulse rapid
change through an inductanecz 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 sectior.

The signal voltage from the image
orthicon tube is amplified by a video pre-
amp located in the pickup head. IYig. 2.3
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 10 the as-
sociated camera control unit in the con-
trol room, well above any random noise
level. The preamp of Fig, 2.2C uses four
6AKS voltage amplifiers, and a 6J6 cath-
ode follower to feed the coaxial 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 fcr the rest
of the preamp by R98-48 and C98-16,
The second stage V98-3 is also shunt-
peaked and contains a gain control in the
form of a potentiometer in the cathode
circuit. This control is loeated in the
pickup head and may be adjusied by the
cameraman. The setting of this gain con-
trol is determined by a numher of factors
and must be adjusted in close coopera-
tion with the camera contrcl unit opera-
tor in the control room. The third stage,
known as the “high-peaker,”” V98-4
works into LY8-3 and RY8-56 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 civcuit of the preamp. The control
is made variable to allow for ehanges 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. Suech 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 RY8-59 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 stuge 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-08-11, the
6J6 horizontal blocking oscillator,
through the trigger winding on the
transformer T98-2. Trace this out on the
diagram of Fig. 2.313, 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
deseribed 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 R98-76, 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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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-
duectance 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 yake 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 6AST
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 dam per 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-
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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 cireuit operates upon
the same principle as deseribed above,
but is at much lower frequency (60 cps
as compared to 15,750 eps) and there-
fore is somewhat different in cireuitry.
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
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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 tke center-
tapped potentiometer RY8-81. 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
by retrace action on the target charge.
Blanking circuits which accomplish this
function are shown at the bottom of the
diagram, I'ig. 2.3D). The same horizon
tal and vertical driving pulses used to
trigger the sawtooth H and V scanning
generators, are used to trigger the H
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 wvice-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 tke 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-
agre 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 cycle is reversed. Since
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the bias is now decreased on T1, its plate
current increases (tube starts conduct-
ing), and the resulting reduced plate
voltage on T1 drives the grid of T2 into
the region of bias below cut-off. T2 then
remains non-conducting until the capaci-
tor C1 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 €1, 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

70 -

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 aperation.

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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rowest 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-
statie 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 eleciron is such that its
magnetic field is not in accord with the
focus field, and interaction occurs to
“line up” the directior of travel. There
is no interaction between perpendicular
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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 mechanies 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 direetion, 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 electren 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 field to reverse.
Thus the beam is returned to the top of
the raster 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
raster 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 seguence 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 tnat 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 margir 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 line 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 thar 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 ¢heckerboard 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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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 cireuit
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 secan, 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
sawtocth 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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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 retraece 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. During this
time, the target is blanked by the longer
vertical blanking pulse, keeping the re-
turn (signal) beam at black level.

8. 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. 2.31. 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 hack emf
on the first current low 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 indue-
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 D (Fig. 2.3L) shows a typical wave-
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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-

PICKUP
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“peaking" coll
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Figure 2.4A.
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Figure 2.4B.

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.”
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Shum -Serles peaking circult. The moxt
€Ific ¢nt of the three arrangements

Figure 2.4C.

It is necessary to make €, twice the
capacity of C.. The load resistor R, is
always connected to tl.e low capacitance
side of the circuit. In practice, there-
fore, a small physical capacitor may be
found in the circuit where the effective
capacity C; would appear, therefore con-
sidered to be in parallel with €, 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 carrent as
the frequency increases. C. is separated
from C, 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, aad is ap-
plied across the load resistor R. shunted
by C., the voltage developed ir the load
will likewise increase for frequencies in
the high passband. This video valtage is
then coupled to V: in the orthodox man-
ner. The increase of higher frequency
voltages resulting from the resonant ef-
feet of L and C,, more than offsets the
decrease in reactance of C: with increas-
ing frequencies.

IFig. 2.4C illustrates the most efficient
design used in videa 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 R, 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
lnad 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. 2.4D illustrates an orthodox cir-
cuit with the addition of the low fre-
cuency filter circuit R and C. At the
lower frequencies, the voltage across the

v2

Figure 2.4D. low frequency compensation net-
work for video amplifiers.

«79



Details of the Television Camera

grid resistor of V: decreases due to the
increased reactance of the coupling ca-
pacitor C.. However, the reactance of
C¢ also increases at the lower frequen-
cies, and the shunt impedance of R, C,
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 oecurs to maintain con-
stant gain across the entire passband.

2.5 ThekElectronic 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 Du 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 cireuit itsel”. 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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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 6AK5 tube. The remaining
stages amplify the signal sufficiently to
drive the control grid of the picture tube.
DC restoration is made by the 6ALS5
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 nan-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 6AKS5. 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 6AG7 tube to
drive the control grid of the viewfinder
tube brighter or darker (less negative

6AG7

FOCUS
3oov
) 6ALS
@ik 2 (e 5FP4
= MFD
®= =
VN—AMN—0 =150V

FACE OF
VIEWFINDER

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
oufput 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 abviously not reproduce the 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 refurn 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 line of video infor-
mation) since the pulse is a large nega-
tive excursion, the 6AL5 diode will con-
duct, rapidly discharging capacitor C1
through it. At the end of the blanking
interval, this capacitor will charge again
through resistors R1 and R2, developing
a positive voltage on the upper end of
resistor R1 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 ampiitude 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
adjusted for cutoff with no video signal.
The magnitude of the positive voltage
developed at the top of R1, 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 eutoff. This illus-
trates the point mentioned previously;
that the DC restorer functions so that
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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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through-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 Thelconouscope Pickup Tube

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
bhottom 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 deseribed later
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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 masaic is
actually tiny silver globules deposited
upcn a thin mica sheet. Each globule 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 oroperty
which emits electrors by an amount de-
pendent upon the light intensity strik-
ing their surface. The back sice of the

mica strip is coated with collodial 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 1850-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 1850-A

Signol Electrode Yoltoge . .. .. .v it ittt in ittt itntnenaneneeesnennns 1000 volts
Grid NO. 4 VOO . v ot ittt iitiiiitiieiiienaeeeeenenssasseansnnnnnnns 1000 volts
Grid No. 3 Voltoge (Beom Focus) 24% to 36% of Grid No. 4 Yoltoge. .. ......... 240 to 360 volts
Grid NO. 2 Volage o oot vi ittt ittt et tteecnonaeeoaaeeonoesasocananannns 1000 Volts
Moximum Grid No. 1 Voltoge for Pottern Cutoff 7% of Grid No. 4 Voltoge. ... ......... —70 volts

Grid No. 4 Cursent {with no mosoic illuminotion). . .

0.1 to 0.2 micro-omperes

Externol Lood Resistonce . .......ovi it neeeeaneaenaaaneaannns 100,000 ohms
Hluminotion on Mosoic:
Steody Highlight Volue forslides . ... ... ottt 4 to 6 ft-c
Averoge Pulsed Highlight for Motion Picture Film. .. ...................... 10 to 20 ft-c
Rotio of Peok-to-Peok Highlight Video Signol Current to RMS Noise Current {(opprox.). ....... 100
Minimum Peok-to-Peok Blonking Voltoge. .. ... ... oot 20 volts

Toble 2.68.

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
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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 glcbules, a number
of secondary electrons are released.
When operated in total darkness, the
number of secondary electrons released
are approximately equal to the number
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 R;, 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 