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Preface

The state of the television art has advanced considerably since the publica-
tion of the sixth edition of TELEVISION SIMPLIFIED. Much of this prog-
ress has been made possible by the use of solid-state components and
printed circuit construction. Integrated circuits and modular construc-
tion are finding increasing use. The overall effect of these devices in
television receivers is the construction of a receiver which is far more
compact, more efficient, and more reliable than the vacuum-tube re-
ceivers.

The use of solid-state components has made possible the innovation
of circuits which would not have been practical with the use of vacuum
tubes. An example of this is the varactor tuner, which has no tubes and
no selector switch but which may be push-button tuned to any VHF or
UHF channel. As an example of the use of integrated circuits, we may
find an entire audio section in one integrated circuit and a color-de-
modulator section in another.

There are now a great many color television receivers in operation and
their number is growing rapidly. These receivers, of course, also make
wide use of solid-state techniques, some being currently of 100% solid-
state construction, while others are still manufactured exclusively with
vacuum tubes or with a combination of vacuum tubes and solid-state
devices (hybrid receivers).

In addition to the newer receivers, there still exist many millions of the
older vacuum-tube receivers in service, and these must be expected to
remain in service for many years. In order that this book may be a reference
volume for all types of television receivers, the vacuum-tube types, as
well as the newer hybrid and solid-state types are given extensive
coverage, both in their monochrome and color-receiver designs.

Various changes have been made in the content of this edition, both to
update the coverage and to make the book more useful to students and
instructors. Some of the more important differences are :

1. There are now 24 chapters rather than the previous 19. This repre-
sents not only the inclusion of new material but also the reorganization of
some of the original material and the deletion of that which is now
obsolete. For instance, separate chapters are now devoted to the fol-
lowing important topics : ** Principles of Scanning and Synchronization,”
“Television Camera Tubes,” “Automatic Fine Tuning and Remote Con-
trolled Tuners,” ** Deflection Oscillators and Horizontal AFC,” as well as
others of importance.

2. Wherever applicable, each chapter now has material covering both
vacuum-tube and solid-state circuits for both monochrome and color
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PREFACE v

receivers. The coverage of color television is also considerably en-
hanced by individual chapters covering the theory, circuit operation, and
troubleshooting procedures. New color slides (Chapter 24) were especi-
ally photographed for this book to improve the students’ understanding
of defects which might occur in color receivers.

3. The very latest techniques in circuitry and construction made pos-
sible by the newer solid-state devices and circuit designs have been
included. Among these are the new automatic circuitry controls, such as
automatic tint control, automatic color control, and automatic brightness
and contrast control. The latest remote control techniques are also
described.

4. The chapters on receiver analysis and troubleshooting (Chapters
22-24) have been completely modernized and discuss the very latest
solid-state color receiver and the most recent troubleshooting and align-
ment techniques. The latest types of monochrome and color-receiver test
equipment are also reviewed.

5. Many new circuit schematic and block diagrams have been keyed to
the text to enhance the readers’ understanding of the material. Among
these are a number of simplified diagrams, presented wherever it was
felt a more detailed analysis of the information was required.

The reader will find that this new 7th Edition represents a very com-
prehensive coverage of all of the types of television receivers now in
service, from the standpoint of theory, operation, troubleshooting, and
alignment. In addition, sufficient information regarding television trans-
mission and television transmitters is presented to enable the student to
complete his understanding of the overall television system.

The authors wish to gratefully acknowledge all the individuals and
companies who were instrumental in providing helpful assistance and
information. Credits are given for photos and drawings furnished by the
various companies. Particular appreciation is extended to Mr. El
Mueller of Motorola, Inc., Sylvania Electric Products, Inc., Varo Inc.,
General Electric Co., Heath Co., Admiral Corp., Sony Inc., Zenith Radio
Corp., Fairchild Semiconductor, Sencore Inc., Curtis Mathes Sales Co.,
Philco-Ford Corp., Radio Corporation of America, and Oak Electronetics
Corp. We also wish to cite Mr. David F. Stout, Mr. Burton D. Santee,
Mr. Bob Barkley, and Dr. J. C. Prabhakar for their valuable cooperation.

MiILTON S. KIVER
MILTON KAUFMAN
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Fig. 24-30 Improper adjustment of the color set fine-tuning
control can result in the color sub-carrier beat pattern shown

here.

Fig. 24-31 Insufficient color amplitude, which may be the
result of an improperly adjusted color amplitude control or a
defective bandpass amplifier stage, may result in a weak
color display like the one shown here.

Fig. 24-32 Too much color amplitude will produce a picture
with oversaturated colors. An improperly adjusted color amp-
litude control or a defective automatic color-control circuit

may cause this condition.




Fig. 24-33 The improper adjustment of the hue control
(which is also called the tint control) results in this picture
with an overall green shading. This may also be caused by
incorrect phasing in the color demodulation circuits. A defect
in an automatic tint-control circuit can also produce this
general effect. The overall color might also be red or biue,
or some intermediate shade.

Fig. 24-34 An example of a color tube which shows poor
purity. Note the large areas of color.

Fig. 24-35 Colored confetti can result from low (or no) gain
in the RF amplifier.




Fig. 24-36 The appearance of the screen of a color receiver,
with a color-bar generator input, when there is a 60-Hz hum
in the signal circuits.
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Fig. 24-37 Ringing or close-spaced ghosts are seen here
at the trailing edge of each color bar. This is a circuit-caused
defect and is not due to multi-path reception.

Fig. 24-38 A color-bar generator pattern when color sync
is lost. (Monochrome-horizontal sync is normal.)




Fig. 24-38 The effect on a color-bar pattern, when both
monochrome (horizontal) sync and color sync are absent.

Fig. 24-40 Appearance of the color-bar signal when there is
no G-Y signal present. Note the complete absence of green
coloring.
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receivers. The coverage of color television is also considerably en-
hanced by individual chapters covering the theory, circuit operation, and
troubleshooting procedures. New color slides (Chapter 24) were especi-
ally photographed for this book to improve the students’ understanding
of defects which might occur in color receivers.

3. The very latest techniques in circuitry and construction made pos-
sible by the newer solid-state devices and circuit designs have been
included. Among these are the new automatic circuitry controls, such as
automatic tint control, automatic color control, and automatic brightness
and contrast control. The latest remote control techniques are also
described.

4. The chapters on receiver analysis and troubleshooting (Chapters
22-24) have been completely modernized and discuss the very latest
solid-state color receiver and the most recent troubleshooting and align-
ment techniques. The latest types of monochrome and color-receiver test
equipment are also reviewed.

5. Many new circuit schematic and block diagrams have been keyed to
the text to enhance the readers’ understanding of the material. Among
these are a number of simplified diagrams, presented wherever it was
felt a more detailed analysis of the information was required.

The reader will find that this new 7th Edition represents a very com-
prehensive coverage of all of the types of television receivers now in
service, from the standpoint of theory, operation, troubleshooting, and
alignment. In addition, sufficient information regarding television trans-
mission and television transmitters is presented to enable the student to
complete his understanding of the overall television system.

The authors wish to gratefully acknowledge all the individuals and
companies who were instrumental in providing helpful assistance and
information. Credits are given for photos and drawings furnished by the
various companies. Particular appreciation is extended to Mr. El
Mueller of Motorola, Inc., Sylvania Electric Products, Inc., Varo Inc.,
General Electric Co., Heath Co., Admiral Corp., Sony Inc., Zenith Radio
Corp., Fairchild Semiconductor, Sencore Inc., Curtis Mathes Sales Co.,
Philco-Ford Corp., Radio Corporation of America, and Oak Electronetics
Corp. We also wish to cite Mr. David F. Stout, Mr. Burton D. Santee,
Mr. Bob Barkley, and Dr. J. C. Prabhakar for their valuable cooperation.

MILTON S. KiVvER
MILTON KAUFMAN
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Concepts of the
TV System

1.1 INTRODUCTION

Television is the science of transmitting rapidly changing pictures from
one place to another. Radio waves are usually used for the transmission
of television pictures, but in some applications, such as closed-circuit
television (CCTV), wires or cables carry the signal from one point to
another. Television is not only one of the most significant factors in the
home-entertainment industry, but it is also used extensively in science,
industry, education, and military applications.

New types of components, new circuits, and new concepts are
continually being introduced in the television industry. For this reason,
it is very important for the technician to be knowledgeable about the
technical aspects of television systems. Since 1946 when the complete
television receiver consisted only of monochrome (that is, black and
white) circuitry, we have seen the introduction and growth of such
innovations as color television, battery-operated portable television
receivers, video-tape recorders, closed-circuit television, and pay
television. Early television receivers employed as many as thirty vacuum
tubes, but the trend is now toward solid-state components such as
NPN and PNP transistors, field-effect transistors, silicon-controlled
rectifiers, and integrated circuits.

Figure 1-1(A) shows a modern transistorized television chassis. This
chassis employs ten plug-in modules to simplify the problem of servicing.
The chassis slides out in front of the cabinet, as illustrated in Fig. 1-1(B),
and the modules are readily removed for servicing or replacement.

Because of the considerable complexity of the television receiver, a
whole new array of test equipment and of servicing methods has
evolved. However, these have not completely supplanted the instruments
and service techniques employed in connection with broadcast radio
receivers, since much of what is done to a radio receiver to isolate a defect
can be applied as well to a television receiver. Rather, these basic
service methods have been expanded to encompass the newer circuits
which television receivers possess, and which have no counterpart in
radio. This situation in the field has led to a natural upgrading in the
knowledge and skill of the service technician and a corresponding in-
crease in his financial earning power. Thus, television happily is more
enjoyable to the user and more profitable to the technician.

Television receivers may be housed in console cabinets like the one
shown in Fig. 1-2(A), in table-model cabinets like the one shown in

1
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Fig. 1-1. A transistorized, color-TV set, employing
modular construction. Part A shows the ten remov-
able modules. Part B shows how the entire chassis
can be pulled forward for ease of servicing. (Courtesy
of Motorola, Inc.)

Fig. 1.2. Two styles of cabinets for housing color-
TV sets. A console model is shown in part A and a
table model in part B. (Courtesy of Zenith Radio Corp.)

Fig. 1-2(B), or in small-screen portable packages. Regardless of the
type of enclosure, the circuitry used in all of these receivers is basically
similar. The large models may possess a greater number of transistors or
tubes and perhaps additional speakers for better sound quality, but they
do not differ in their theory of operation from the smallest battery-
operated portable television receiver.

There are two types of receivers in general use : monochrome (black
and white) and color. There is a considerable difference between the
basic circuitry used in these two types of receivers, although there is
relatively little circuit difference between monochrome receivers or
between color receivers.

Picture-tube screens range from a few inches in the smaller sets
(found only in portable receivers) to 24 inches for larger sets. At one
time, 27- and 30-inch picture-tube screens were available, but these are
no longer used. They were too large and bulky, and they presented many
manufacturing difficulties. In addition, the larger picture was not found
to be appreciably more desirable than the picture obtained with 23- and
24-inch screens.

Use of Semiconductors in Television Receivers There are a
number of reasons why semiconductor devices have replaced tubes in
the design of many television receivers. For signal amplification, the
transistor is more efficient than a tube because it does not require a
heated filament. The fact that there are no filaments also means fewer
cooling problems with the solid-state operation. Since filament burn-out
is the most frequent cause of tube failure, solid-state circuitry means



greater reliability. Solid-state sets are also smaller and lighter than com-
parable tube sets.

The smaller physical size of semiconductor circuits and the lower cost
of printed circuit fabrication makes it possible to have more automatic
circuitry that simplifies the operation of television receivers. Figure 1-1(A)
shows how modern transistor circuits are fabricated with compact circuit
boards.

One of the more recent developments in the use of semiconductors is
the integrated circuit. This is a method of making a number of circuits on
a single semiconductor unit; the unit is called a chip. Figure 1-3 shows
an integrated circuit. The inset of this illustration shows the chip with
connections to the various individual circuits. One chip may contain a
complete audio section, an IF section, or other section in the receiver.
The chip shown in Fig. 1-3 contains a complete color demodulator.

The advantages of integrated circuits include an increased reliability
over transistor circuits. This is because fewer soldered connections are
needed for a complete circuit. The excellent reliability of integrated
circuits had been proven many times in computer applications before
they were first used in television receivers.

Another advantage of integrated circuits over transistor circuits is
their lower cost when comparing the cost of fabricating a large number
of integrated circuits with the cost of fabricating a large number of
identical transistor circuits. Integrated circuits are much more compact
than equivalent transistor circuits.

Monochrome Receiver Controls Controlwise, monochrome tele-
vision receivers are only slightly more complicated than radio-broadcast
sets. For the sound section of the television receiver, a conventional
ON-OFF, VOLUME CONTROL, supplemented occasionally by a TONE
CONTROL, is used. Instead of turning the ON-OFF volume control knob
fully counterclockwise to turn the set off, some manufacturers prefer to
use a push-pull type of control. With this control, the receiver is ener-
gized by pulling the knob out and de-energized by pushing the knob in
Volume variation is obtained by turning the knob clockwise or counter-
clockwise. The advantage of this arrangement is the fact that the same
volume control setting can be maintained when the receiver is turned off
and then turned on again.

For the video (or, image-producing) section of the television receiver,
some additional controls are required. These are few in number and can
be easily manipulated. A primary control is the CHANNEL SELECTOR.
Itis often made in two parts : one for selecting VHF stations (Channels 2
to 13) and the other for selecting UHF stations (Channels 14 to 83). In
the VHF range there may be as many as seven channels used in one
community, but not more. If there are more than seven stations, the
rest with be in the UHF range. The VHF channel selector is usually a
12-position switch with an associated FINE TUNING control, which is
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Fig. 1-2(B).

Fig. 1-3. An integrated circuit color demodulator.
The monolithic chip, shown in the inset at the lower
right, contains the equivalent of 19 transistors, 2

diodes, and 24 resistors, and is only 1/16 inch square.
(Courtesy of Zenith Radio Corp.)
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basically a vernier-tuning adjustment. The VHF tuning circuits used in
television receivers are relatively fixed, and the desired station is obtained
by means of the selector switch.

In addition to other circuits, the proper oscillator coil and capacitor
are selected when the channel selector switch is moved into position. If
a change should occur in the resonant properties of these latter circuits
(due to heating or aging) and no fine-tuning adjustment were provided,
the sound would possibly become distorted and the images would not be
faithfully reproduced. To prevent this, a fine-tuning control is placed on
the front panel. Within limits, this control permits the observer to tune in
the signal, so that the proper frequencies are delivered to the receiver
video and audio IF amplifiers.

Most UHF tuners are of the continuous type. Detent-type tuners, such
as the VHF tuners with 12 selections, are considered easier to operate
than the continuous type tuners, and legislators have applied pressure to
TV manufacturers so that they will provide a detent-type tuning for UHF
that is no more difficult to operate than VHF types.

Another control associated with the picture is the CONTRAST CON-
TROL which adjusts the relationship between the light and dark areas
on the screen. Turning the control clockwise causes the darker areas of
the picture to turn from gray to black. Rotating it counterclockwise causes
the dark areas to lighten from black to gray. The contrast control is
sometimes called the PICTURE CONTROL or PIX CONTROL.

Still another control is the BRIGHTNESS CONTROL, which regulates
the overall shading of the picture and establishes the brightness of an
image, that is, whether the overall image is light, medium, or dark.
Controls which deal with the vertical and horizontal synchronization of
the picture may also be found on the front panel of a television receiver.
How these controls are manipulated will be discussed later. Generally,
only those controls which must be manipulated by the customer are
placed on the front panel. Others that require less frequent adjustment
are positioned either on the side or back panel of the chassis or in a small
covered recess on the front of the receiver. In any event, while the
mechanism of a television receiver may be quite complex, use of a few
necessary controls can be readily learned even by those entirely un-
familiar with the technical aspects of the system.

If the picture on the television receiver screen gets out of step (that

is, out of synchronization) with the transmitted picture, then it will roll
verticallyorhorizontally. The VERTICAL HOLD and HORIZONTAL HOLD
controls are used for keeping the receiver synchronized with the trans-
mitted picture.
Color Receiver Controls All of the controls discussed for mono-
chrome receivers are usually included with color-television receiver
controls. Two additional controls, T/INT, or HUE, and COLOR, are
also included. Figure 1-4 shows a typical control panel for a color
television receiver.
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The tint control selects the correct colors to be displayed. The most
difficult colors to reproduce, and probably the most important, are the
flesh tones. Because of the way color receivers are designed, if you
obtain the proper skin colors with adjustment of the tint control, the other
colors will be correct.

There are two things that can be accomplished by adjusting the color
control. By rotating it fully counterclockwise, the color circuits are
rendered ineffective, and the receiver reproduces the picture in black and
white. Turning the control clockwise adjusts the amount of color for
the picture. For example, this control determines whether the grass in the
picture is dark green or light green, and whether the sky in the picture is
dark blue or light blue.

The adjustment of the fine tuning control is more critical for color
receivers than it is for monochrome receivers. A slight misadjustment of
this control can result in a complete loss of color in the picture. Because
of its importance, some color receivers are equipped with special circuits
to simplify the adjustment of the fine-tuning control. Automatic-
frequency control circuits are included in many receiver designs so that
the receiver oscillator will not drift after it is properly adjusted. Some
color sets also offer automatic control of flesh tones.

It is unfortunate that different manufacturers have used different

names for the color and hue controls. Table 1-1 shows some of the

names used by different manufacturers. Despite their different names,
these controls perform the same functions from the viewer's standpoint
as the control is adjusted as well as from the standpoint of what the
control does electrically within the receiver.

As shown in Table 1-1, the HUE CONTROL may also be known by
the name 7/NT CONTROL. However, the name T/INT CONTROL is
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Fig. 1-4. A typical control panel for a color-television
receiver. (Courtesy of Curtis Mathes.)
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TABLE 1-1 Color television controis.

hLlu JCu Other Names Used Its Function
Control
Color Chroma Controls the saturation of the color.
Color gain
Color intensity
Hue Color phase Primarily used to set the correct flesh
Tint tones. If these are correct, the other
Color tone colors should also be correct.
Colorfast Chromatone Makes the monochrome pictures brown
(or Tint) and white instead of black and white.

also used in some color receivers to operate a special circuit. When a
black-and-white picture is being received, the viewer may change the
picture to brown and white by operating this so-called tint control.

Thus, it is not only possible that different names may be used for the
same control, but also, the same name may be used for two completely
different controls. A good technician will take a moment to become
acquainted with the controls of the individual receiver if he is not
familiar with the particular model that he is working on.

1.2 PICTURE DETAIL

Consider an ordinary photograph, such as is shown in Fig. 1-5. This
picture was obtained from a negative that contained a large number of
chemical grains which were originally sensitive to light. When a photo-
graph is printed in a newspaper or book, the usual procedure is to divide
the picture into very small parts called picture elements. Dividing the
picture into tiny elements permits one shade of ink (usually black) to be
used for producing all of the different shades of black, gray, and white
shown in the picture. When a picture is divided into tiny picture elements
it is said to be half toned. With the aid of a strong magnifying glass you
can easily see the picture elements in Fig. 1-5.

In order to give a smooth, continuous picture, the picture elements of a
photograph, or a half-toned illustration, should be so small that they are
not readily visible with the naked eye. A fine-grain illustration, with many
picture elements per unit of area, can be viewed more closely than a
coarse-grain picture without these elements being discernible.

With television images, the same kind of situation prevails. The tele-
vision picture is displayed on the screen of a picture tube like the one
shown in Fig. 1-6. This is a cathode-ray tube somewhat similar to the
ones used in oscilloscopes. The electron beam from the gun produces
light when it strikes the screen. The amount of light depends upon the
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beam current. The beam can be moved to any point on the screen by
using the magnetic field of a deflection current.

In the receiver, each picture element is just as large as the area of the
circular electron beam striking the fluorescent screen of the picture tube.
The light that is seen when observing a picture-tube screen is derived
from the energy given off by the electron beam striking particles of the
fluorescent coating on the inner face of the tube. If the points of light are
closely spaced, the eye of the observer will integrate them, and their
individual character as separate points will disappear. Hence, an electron
beam of small diameter is one of the first requirements for a television
picture that is to reproduce any amount of fine detail. This requirement
is important for the receiver picture-tube, and for the camera tube.

The television picture is produced by moving the electron beam rapidly
back and forth across the screen to produce about 500 lines. This
procedure is called scanning. As the lines are scanned, the beam is made
brighter and dimmer in order to ** paint ** the picture. Ideally, the individual
lines making up the picture should not be visible, just as the picture
elements in the photograph of Fig. 1-5 are not easily visible. When the
picture elements are seen, they distract the viewer and they make the
picture appear to be blurred.

If you crowd 500 lines together to make a picture that is eight inches
high, you cannot see the lines easily. You must make a close inspection

Fig. 1-5. A television studio scene developed from a
negative. This picture has been half toned.
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Fig. 1-6. The television picture displayed on a
picture tube.
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Fig. 1-7. The simplified procedure for scanning a
television picture. Solid line 1-1 is called a trace, and
dotted line 1-2 is called a retrace.

of the screen before they are distinguishable. If, on the other hand, you
use the same number of lines to make a picture twenty inches high, the
lines making up the picture are easily discernible unless you move back
some distance from the screen. If you could increase the number of lines
in the larger picture, you would not be able to see the individual lines.
However, the allowable number of lines is established by the FCC.
Therefore, there is a limit to the size of the picture you can make. More
important, the correct size of the picture on your receiver is determined
by the distance from which you are going to view the picture. When you
view a picture at a distance, it is difficult to see the lines.

1.3 INTRODUCTION TO SCANNING

In the last section, it was mentioned that the picture on the picture tube
screen is “ painted ” by moving an electron beam back and forth as it
scans individual lines, each one separated from the other by a very
narrow margin.

Figure 1-7 shows the basic principle involved in scanning a picture.
Starting at the top left side, the electron beam moves from left to right
across the screen along line 1-1. (In this illustration, it is presumed that
you are facing the screen of the picture tube.) After the beam reaches
the right side of the screen at point 1, it is rapidly moved to the left side
of the screen again along dotted line 1-2. During its motion from right
to left, no picture information is transmitted. The line marked 1-1 is
called a trace, and the line marked 1-2 is called the return trace, or retrace.

After retrace, the beam has arrived at the left side of the screen at
point 2. It then moves from left to right across the screen for the next
line. This procedure is repeated throughout the picture.

It is important to know that this is a simplified illustration of the
procedure for scanning. In actual practice, the scanning procedure is
modified somewhat. The important thing to note here is that the scanning
procedure is the same as used when reading a line on a page of paper. The
reader starts at the top left side of the page and moves his eyes across
a line of type from left to right. Then, after reaching the right side of the
page the eye quickly moves to the left side to begin the next line.

The electron beam moves back and forth across the screen of the
picture tube regardless of whether or not there is a picture being
displayed. In the absence of a picture, the beam will trace out a white
rectangle on the screen of the picture tube. This lighted rectangle is
called a raster. When the standards for television were first established, it
was decided that a rectangular picture (or rectangular raster) would be
most desirable, and the relationship between the height and width of the
rectangle was established. The width of the rectangle divided by its
height is called the aspect ratio, and in television the aspect ratio of the
picture (and the raster) is four to three. In other words, if the picture is
four inches wide, it must be three inches high in order to have the correct



aspect ratio. Likewise, if the picture is twelve inches wide it must be
nine inches high.

By adjusting the voltages to the picture-tube circuitry, it is possible to
produce a rectangle with different aspect ratios. However, it is important
to remember that the picture is transmitted in an aspect ratio of four to
three. Therefore, in order to reproduce the transmitted picture with a
minimum amount of distortion, it is necessary that the receiver picture
also have an identical aspect ratio of four to three.

1.4 SCANNING RATE

After the trace reaches the bottom of the raster, it is quickly moved back
to the top of the screen where it starts the production of scanning lines
again. What actually appears on the television screen is a number of
complete rasters (or fields) each second.

When the requirements of television were first established, it was
necessary to decide on a standard repetition rate for showing complete
pictures, that is, the number of complete frames per second. The actual
choice of frame frequency involves a tradeoff. Ideally, a high frame
frequency should be used so that the eye cannot perceive the individual
pictures making up the continuous motion. However, a high frame
frequency produces electronic problems inthescanning. Foronething, the
amount of brightness on the screen is definitely affected by the rate at
which the beam is moved across the screen. Specifically the faster the
beam is moved, the more difficult it is to get sufficient brightness. Also a
higher frame rate requires a wider transmission bandwidth.

Thus, to obtain the desired amount of brightness, to utilize areasonable
transmission bandwidth, and at the same time give the effect of con-
tinuous motion, a compromise was needed. It was finally decided that
thirty complete pictures would be displayed on the screen each second.
These complete pictures are referred to as frames. A frame frequency of
only thirty pictures per second would result in a flicker discernible to the
eye, so each picture is divided into two parts called fie/ds. Two fields must
be produced in order to make one complete picture or frame. The field
frequency, then, is obviously sixty fields per second and the frame
frequency is thirty frames per second. Each field contains one half of the
total picture elements.

A situation similar to this occurs in motion pictures. Each individual
picture is moved into the projector and flashed onto the screen. Then a
shutter comes down in front of the picture momentarily and the same
picture is shown again. The purpose of using the shutter dividing the
picture into two displays is to reduce the flicker rate. In motion pictures,
each frame is shown twenty-four times per second and each frame is
divided into two parts, or fields, so that the actual repetition rate is
48 fields per second. By dividing the frames into fields, the eye is tricked
into believing that the motion is continuous and no flicker is observed
by the eye.

CONCEPTS OF THE TV SYSTEM
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The picture on the television screen is also divided into two parts, but
in a different manner, which is known as " interlaced scanning,” to be
described in the next chapter. As is the case with motion pictures, two
fields are used to produce a complete frame, or picture.

The choice of sixty fields per second and thirty frames per second was
deliberate, in order that the television picture would be synchronized to
the standard United States power-line frequency of 60 Hertz. At the
transmitter, all scanning frequencies are derived from the 60-Hertz line
frequency, and the receivers are automatically synchronized to the
transmitted synchronizing pulses. As a result of this power-line frequency
synchronization, the effects of hum on the picture, which might be caused
by imperfect power supply filtering, will be stationary on the TV receiver
screen. If this synchronization did not occur, the hum effects would
cause vertically moving patterns to pass through the picture. Adjacent
cities, having TV transmitters frequently use synchronized power-line
frequencies to prevent this unwanted type of interference.

It is interesting to note that when color television programs are broad-
cast, the field frequency is not 60 Hertz, but is reduced slightly to 59.94
Hertz. Thus, while hum interference patterns are not perfectly synchro-
nized for color broadcasts, they move vertically at the rate of only 0.06
Hertz, which is a slow rate and not readily visible.

1.5 SUMMARY OF DESIRABLE IMAGE CHARACTERISTICS

Since the image is the final product of the television system, and every-
thing centers about the production of this image, a summary of its most
important characteristics will now be given. In order for a picture to be
satisfactory from the observer's point of view, the following minimum
requirements should be obtainable :

1. The composition of the image should be such that none of the
elements that go into its make-up are visible from ordinary viewing
distances. The image should have the fine, smooth appearance of a good
photograph.

2. If a color picture is being displayed, the colors should be realistic.
There are many different shades of blue, but most of them would not be
suitable for the color of sky. A good picture will be a reproduction of the
colors as they exist in real life.

3. The eye must not be able to perceive a flicker in the reproduced
picture. To accomplish this, the television receiver displays sixty fields
per second. An advantage of using a high number of fields per second is
that it makes motion on the screen to appear to be smooth and con-
tinuous.

4. If the picture is to be viewed by more than one person, then it
should be large enough so that it can be viewed comfortably by everyone.
On the other hand, the picture must not be large enocugh to permit the
viewer to see the lines that make it up.




5. To meet the changing requirements for viewing the screen either
by day or by night, an adequate amount of light must be available from
the picture tube. Less image brightness is necessary when the room
illumination is low than when it is high, so a brightness contro/ is needed.

6. An effective contrast range is desirable. Contrast refers to the ratio
between points of maximum to minimum brightness on the same screen.
In broad daylight, for example, the contrast ratio between areas in bright
sunlight to shaded areas may run as high as 10,000:1. On fluorescent
screens, however, the amount of light that can be emitted is definitely
limited, and only contrast ratios up to 100:1 are obtainable ordinarily.
These, however, prove quite satisfactory. In order to be able to take
advantage of the maximum range of contrast values, a contrast contro/
is needed.

The foregoing requirements have been listed with only a short
explanation advanced for each. Each of these characteristics will be
discussed again, in more detail, when the applicable circuitry is studied.

1.6 BLOCK DIAGRAMS OF THE TELEVISION SYSTEM

Before beginning a detailed discussion of television circuitry, it will be
useful to get an overall view of the television system in block diagram
form.

Figure 1-8 shows a simplified block diagram of a television trans-
mitter. There are actually two transmitters involved in this system. One
is used for transmitting the picture (or video) signal. The other is used
for transmitting the sound (or aural) signal.

The TV camera converts the scene being televised into electrical
impulses which can be amplified and transmitted. The camera tube scans
the scene in a manner that is the same as the way the picture is scanned
in the picture tube of the receiver. Therefore, scanning and synchronizing
voltages must be delivered to the camera. A synchronizing signal must
also be transmitted so that the scene in the receiver can keep in step with
the scene at the transmitter. The required scanning and synchronizing
signals are also delivered to the video amplifiers and mixers in the
transmitter. The output signals from the video amplifier and mixers are
delivered to an amplitude-modulation system. This is simply an AM
transmitter, but it does differ from the transmitters used in AM broadcast
radio. Instead of both sidebands being transmitted, only one full sideband
and a part of the other is contained in the output signal. The purpose of
eliminating most of one sideband is to conserve the electromagnetic
spectrum, so that more stations can transmit in a given range of frequen-
cies. Transmitting with one full sideband and one partial sideband is
called vestigial sideband transmission. It is not to be confused with
single sideband transmission in which one of the sidebands is com-
pletely removed.

If a color television scene is being transmitted, then the output from
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Fig. 1-9. Simplified block diagram of a television
receiver.

the color TV camera goes through special color processing circuits. This
is shown in dotted lines in Fig. 1-8. It is important to understand that
when the color signal is being transmitted, an equivalent monochrome
signal is also being transmitted. This is a requirement which was made
when color television was first introduced to the American public. It was
necessary that the already-existing (monochrome) receivers would be
able to receive and display the signal from a color transmission with no
change in quality. In other words, it was necessary that the color and
monochrome systems be compatible. Basically, color transmission in-
volves the use of special color TV circuits to superimpose the color
signal onto the already-existing monochrome signal.

The audio system in a TV transmitter is completely separate from the
video section. It consists of a microphone, audio amplifiers, and a
standard FM transmitter. Both signals are transmitted from the same
antenna by the use of a special coupling device called a diplexer.

Figure 1-9 shows a simplified block diagram of a television receiver.
The blocks drawn with the solid lines represent the monochrome
circuitry necessary for reproducing the picture in black and white. If a
color signal is present, a special color demodulator (shown in dotted
lines) may be used. Of course, the picture tube used must also be capable

of reproducing the colors.
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There are four sections common to all receivers, and these sections
are present in the block diagram of Fig. 1-9. The four basic sections are:
an antenna system, a method of selection, a method of detection, and a
device for reproducing the intelligence.

For television receivers, the antenna is considerably more elaborate
than those used for radio receivers. This is because the signal is affected
much more by reflections from large objects, and also because the signal
has a more limited distance over which it can travel.

The selection portion of the receiver is accomplished in the tuner. It
makes possible the selection of one channel and rejection of all others.




All television receivers in use today are superheterodyne types, so the
tuner section includes a-local oscillator for converting the RF signal to
an intermediate frequency.

The output of the tuner is delivered to the IF amplifiers and then to a
detector. This is the third section required of all receivers. Detection in
the television receiver actually involves two steps. The video signal is
amplitude modulated, and therefore, an AM detector is needed for that
part of the signal; and, the sound portion is frequency modulated, so
an FM detector is needed for that portion of the signal. The picture and
sound signals are amplified by the video and audio amplifiers respec-
tively. The picture tube reproduces the video signals, and the receiver
speaker reproduces the sound signals.

You will remember that special signals were combined with the tele-
vision signal in order to make it possible to synchronize the received
picture with the one that is transmitted. These special signals are called
synchronizing pulses, or sync pulses Sync pulses control the frequency
of the deflection circuit currents. These currents cause the electron beam
to scan the picture-tube screen.

If a color signal is present, special color circuit demodulators are
present as shown in dotted lines in Fig. 1-9. There is an automatic
circuit in a color television receiver that prevents the color demodulators
from operating when there is no color signal present. This is done
automatically without the need for switching by the person viewing the
signal on the receiver. Thus, the transmitter may switch back and forth
between color pictures and monochrome pictures, and the receiver
control circuits will automatically determine which circuitry will operate
to produce the monochrome or color picture.

1.7 TELEVISION SYSTEMS THAT USE CABLES

Instead of transmitting the television signal from one point to another
by using electromagnetic waves, it may be transmitted along cables. One
system that uses cables is called closed-circuit television. With this
system the signal is transmitted from the camera to one or more receivers
along a coaxial cable, and the signal is not receivable by the general
public. In a typical application, the camera is mounted at some point
where it would be inconvenient or impossible for a human to be, such as
near an atomic energy experiment.

Since the signal for closed-circuit television is not radiated into space,
itdoes not come under the rules and regulations of the FCC. Furthermore,
much less power is required for operating a closed-circuit television
system. The large RF power amplifiers are not required, so the system
has a lower initial cost and lower operating cost. Another advantage
sometimes listed is the privacy of the system. No set that is not con-

nected to the cable can receive the signal.
The development of transistor video circuits has led to widespread
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educational, industrial, and private use. It would be impossible to list all
of the uses, but a few will be discussed as representative.

Educational Uses A small closed-circuit camera may be located close
to an operation or laboratory experiment, so that a large number of
students may get a close-up view of what is going on. A lecturer, or the
school principal or president, can address a large number of people in
many different locations simultaneously. Students can practice television
acting, programming, and directing with a low-budget television system.

Industrial Uses Closed-circuit television cameras can be mounted to
monitor many meters and gauges from a single remote position. Close-up
views of hazardous operations, such as very high temperature or very
low temperature experiments and machine handling of radioactive
materials, can be continuously monitored from a remote position. Detec-
tion of burglary, fires starting in remote positions, assembly line failure,
etc., is an easy matter with closed-circuit cameras strategically located.

Private Uses As in industry, protection of personal property against
burglary and trespassing can justify the relatively low cost of a closed-
circuit television system. A camera in the baby’s bedroom will allow a
busy housewife to keep an eye on her child while doing her housework,
and one outside the door will allow her to identify callers before opening
the door.

The almost unlimited applications of closed-circuit television means
more work for the television technician. The circuitry for both the camera
and the receiver is less complicated than the commercial systems used
in regular television.

Cablevision is another type of system in which television signals are
transmitted over coaxial cables. In this system, signals from stations that
are normally out of range of the viewer's receiver are delivered to the
house. Cablevision permits the viewer to select from a larger number of
programs. Subscribers pay for this service monthly much in the same
way as the telephone bill is paid.

In large apartment buildings it is often difficult to obtain a television
picture without using an outside antenna system. With 150 or 200
apartments in the building, the roof would be too cluttered if each apart-
ment has its own antenna system. To get around this problem, a master
antenna television system—abbreviated MATV—is used. With MATV, a
single antenna system is mounted on the roof and the signal is distri-
buted to each apartment through coaxial cables. The signal may be
amplified before it is distributed.

Some communities are located in such a way that it is difficult for
them to receive a television signal. An example is where the community
is in a valley, and is shielded from the signal by nearby mountains. A
master antenna system can be used to distribute the signal by coaxial
cable to each house in the community. Such a system is called community
antenna television, or simply, CATV.




1.8 EXTENDING THE COVERAGE OF TELEVISION

Television signals are transmitted in the range of frequencies between
54 and 890 MHz. This range includes frequencies in the very high
frequencies (VHF) and in the ultra-high frequencies (UHF).

Unlike the lower frequencies used for AM broadcast radio, these
frequencies are not reflected from the ionosphere. Instead, their trans-
mission is limited to /ine-of-sight distances, which means a distance of
about 45 miles from the transmitter. The value of 45 miles is an average
because the terrain between the transmitter and the receiver antennas,
and the heights of these antennas, must be taken into consideration.

By the use of cablevision and community antenna systems, trans-
mission well beyond the line of sight can be achieved. Both of these
systems use transmission lines. There are also methods of extending the
coverage of television by ways other than by the use of cables.

Transmission across the ocean can be achieved by the use of active
satellites. An active satellite receives a signal, amplifies it, and then
retransmits it. It is different from a passive satellite that only echoes the
signal by reflecting it back to Earth.

Figure 1-10 shows how the active satellite works. The televison
signal that is transmitted from point A is received by the satellite and
retransmitted to the station at point B. Note the line-of-sight distance
over which transmission is normally achieved.

For transmitting signals coast-to-coast, microwave relay stations
(Fig. 1-11) are used. These are simply repeater stations that receive the
signal, amplify it, and then retransmit it. The relay stations are located at
intervals of 50 to 100 miles.

1.9 SUMMARY OF TELEVISION STANDARDS

The transmitted television signal must comply with strict standards
established by the Federal Communications Commission (FCC). As an
introduction to a more detailed study of television circuitry, it will be
useful to know what some of these standards are.

Each VHF and UHF television station is assigned a channel that is
6 MHz wide. The complete signal—called the composite signal—must be
fitted into this 6 MHz bandwidth. The composite signal includes: the
video carrier, one vestigial sideband for the video signal, one complete
sideband for the video signal, the color signals, the synchronizing pulses,
and the FM sound signal.

The video part of the composite signal is amplitude modulated. In
order to obtain the same number of frequencies for the video signal, using
frequency modulation, the required bandwidth would be prohibitive.
The synchronizing pulses are also transmitted by amplitude modulation,
and these pulses are superimposed onto the video signal. The color
information is transmitted by a clever method of slipping the color
signals in between spaces in the monochrome video signals. This
process is called /interleaving.
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Fig. 1-10. Active satellites are used for extending
television coverage beyond the line of sight.

Fig.1-11. Microwave relays are used for transmitting
signals over long distances.
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TABLE 1-2 Frequencies of television channels.

Channel Channel
No. Freq. (MHz)
2 54-60
3 60-66
4 66-72 )lower VHF band
5 76-82
6 82-88
7 174-180
8 180-186
9 186-192
10 192-198 ) upper VHF band
11 198-204
12 204-210
13 210-216
UHF Band
Channel Channel Channel Channel Channel Channel
No. Freq. (MHz) No. Freq. (MHz) No. Freq. (MHz)
14 470-476 38 614-620 62 758-764
15 476-482 39 620-626 63 764-770
16 482-488 40 626-632 64 770-776
17 488-494 41 632-638 65 776-782
18 494-500 42 638-644 66 782-788
19 500-506 43 644-650 67 788-794
20 506-512 44 650656 68 794-800
21 512-518 45 656-662 69 800-806
22 618-524 46 662-668 70 806-812
23 524-530 47 668-674 ral 812-818
24 530-536 48 674-680 72 818-824
25 536-542 49 680-686 73 824-830
26 542-548 50 686-692 74 830-836
27 548-554 51 692-698 75 836-842
28 554-560 52 698-704 76 842-848
29 560-566 53 704-710 77 848-854
30 566-572 54 710-716 78 854-860
31 672-578 55 716-722 79 860866
32 578-584 56 722-728 80 866-872
33 584-590 57 728-734 81 872-878
34 590-596 58 734-740 82 878-884
35 596-602 59 740-746 83 884-890
36 602-608 60 746-752
37 608-614 61 752-758

There are 30 complete pictures, or frames, sent each second. Each
frame is divided into two parts, or fields ; and therefore, there are 60 fields
transmitted every second.

There are 525 scanning lines generated for each frame, but only



about 480 of these are actually used to make up the picture. Those lines
that are actually used for producing the picture are called active lines. The
lines that are not used for actually making the picture are generated
during the time that it takes to get the beam from the bottom of the
picture (at the end of the field) back to the top of the picture (at the
start of a new field).

The sound signal is frequency modulated, and as with FM broadcast
systems, it may also be produced by the indirect FM method. This
actually produces phase modulation (PM), but any FM detector that can
demodulate an FM signal can also demodulate a PM signal. The
maximum deviation for TV, is +25 kHz.

The aspect ratio of the transmitted picture is 4 : 3, but the picture is
sometimes purposely “stretched” at the receiver in order to give the
appearance of a larger picture area.

Table 1-2 shows the frequencies assigned to the VHF and UHF
channels.

REVIEW QUESTIONS

1. In what ways are the television sets of today different from the first receivers made ?
2. In what way is the process of scanning like reading a page in a book ?

3. Why is the video part of television transmission sent by amplitude modulation rather than
by frequency modulation ?

4. Which circuits in a TV receiver are controlled by the sync pulses ?
5. What does the tuner section of a receiver do ?

6. What are some advantages of using transistors for television circuits instead of using
vacuum tubes ?

7. What is an MATV system?
8. What are active satellites used for in television ?
9. What is the bandwidth of a television channel ?

10. What controls are used on color-television receivers, in addition to those used on mono-
chrome receivers ?

11. What is a raster ?
12. What are some uses for closed-circuit television ?

CONCEPTS OF THE TV SYSTEM
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Fig. 2-1. Simplified block diagram of a television
transmitter and receiver.
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Fig. 2-2. The scene is focused onto a light-sensitive
plate in the camera tube. The same scanning process
is used in the receiver to reconstruct the scene.

Principles of Scanning,
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Video Signals

21 INTRODUCTION

Figure 2-1 shows the basic components of a system for transmitting
and receiving television programs. The sections related to scanning
and synchronizing are shown in heavy outlines.

Scanning and synchronizing are needed for keeping the reproduced
picture in step with the picture originated at the transmitter. The
synchronizing signals, which will be referred to simply as the sync
signals, are generated at the transmitter where they amplitude-modulate
the transmitted signal. The receiver uses the sync signals to synchronize
the scanning of the electron beam of the picture tube with that of the
transmitter camera tube. As will be shown later, the sync signals are
actually used for controlling the frequency of oscillators used in the
scanning and synchronizing section of the receiver.

Another function of the scanning and synchronizing sections is
that of generating blanking signals. For reasons to be described later
in this chapter, it is desirable to turn off the electron beam in the camera,
or in the receiver picture tube, during retrace periods. This allows the
beam to be repositioned for the start of a new line or new picture. The
blanking signals originate in the scanning and synchronizing section
of the transmitter.

2.2 PRINCIPLES OF SCANNING

Figure 2-2 illustrates the basic elements of scanning in transmitter and
receiver systems. The scene to be televised is focused by a lens system
onto a light-sensitive plate located in the camera tube. This plate is made
in such a way that the electric charge at any point on the plate depends
upon the amount of light falling on that point. The camera tube video
signal output current depends directly upon the amount of light falling
on the plate at each point. The video signal, then, is comprised of
variations of current which correspond to variations in brightness on
the light-sensitive plate. This video signal is amplified and delivered to
the gun of the receiver picture tube. In Fig. 2-2, the intervening trans-
mitter and radio wave are not shown.

In order for the video signal from the camera tube to reproduce the
picture at the receiver picture tube, the beam is swept back and forth

18
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across the screen in step with the beam that is sweeping the light-
sensitive plate in the camera tube. The synchronizing generator provides
the voltage for controlling the motion of the electron beam within the
camera tube and also for controlling the beam in the picture tube. As the
picture-tube electron beam scans any one point, its strength, that is,
the number of electrons contained in its beam, is controlled by the
amplitude of the video signal. At the same time, the location of the
beam is controlled by the voltage from the sync generator.

To summarize : Scanning is employed in both the transmitter and the
receiver. Synchronizing signals must be used to assure that the position
of the electron beam in the receiver picture tube corresponds with its
same position on the light-sensitive plate of the camera tube for any
given instant of time.

There are many possible ways to scan a picture. For example, the
beam could be started in the center and moved outwardly in a spiral.
Also, the electron beam could be scanned vertically. However, television
standards set up a horizontal scanning system, which means that the
beam moves back and forth across the picture tube from left to right
as you are viewing the picture tube.

Simplified Electron-Beam Scanning The following explanation
of electron beam scanning is not the actual process used, but is a
simplified method of scanning, presented as an introduction. While we
are now discussing the action of the beam in a television camera tube,
bear in mind that the action of the electron beam in a television picture-
tube is identical.

An electron beam is formed and accelerated toward the upper
left-hand corner of the camera tube image plate (point A in Fig. 2-3).
From this point and under the influence of the currents in the deflection
coils (positioned on the neck of the camera tube), the electron beam
moves to the right, passing over the charged image plate which has
been exposed to the focused rays of light from the televised scene.
The beam continues along the first line until the end (point B) is reached.
Here a generator connected to the camera tube will cut off or blank out
the beam while the deflection coils bring it rapidly back again to point C
at the left-hand side of the mosaic. This point is slightly below the first
line. The blanking voltage is now removed, and again the cathode-ray
beam moves toward the right. The sequence recurs until the end of the
lowermost line is reached (at point D). The beam is blanked out and
returned to the starting point A. The entire process is now ready to be
repeated. In practice the beam passes over the entire image plate every
1/30 of a second. Hence 30 complete pictures are sent every second.

In actual equipment, the motion of the scanning electron beam, as
described previously, must be modified somewhat for two reasons.
First, it is extremely difficult to generate a voltage that will cause the
beam to drop suddenly from the end of one line to the level of the next

Active lines Beam retrace
P2

B

Fig. 2-3. The motion of the electron beam in one
form of horizontal scanning.
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Fig. 2-4. In actual equipment it is easier to have the
electron beam travel in the manner indicated above
than that in Fig. 2-3.
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Fig. 2-5. A sawtooth current, as illustrated here,
when passed through a set of horizontal deflecting
coils, will cause the electron beam to move from left
to right and to left again.

one directly beneath it. It is simpler to have the beam move to the level
of the second line gradually, as is illustrated in Fig. 2-4.

To obtain this type of motion for the electron beam, both the horizontal-
and vertical-deflection coils in the camera tube are utilized. Without
going into an extensive discussion at this time about the operation
of the electron gun located in the neck of the camera tube, let us
simply state that the horizontal-deflection coils can move the electron
beams horizontally across the screen from left to right and back again,
and the vertical-deflection coils can cause the beam to move vertically.
When used together, and with different amounts of currents passing
through each set of coils, it is possible to move the electron beam across
the screen to reach any desired point.

In the foregoing type of motion (with the beam moving acrossthescreen
slantwise), we have the equivalent of a fast-acting current in the
horizontal coils quickly forcing the beam across, while a slow-acting cur-
rent in the vertical coils is forcing the beam down. The result of this is
shown in Fig. 2-4. When the beam reaches the end of a line, it is quiclky
brought almost straight across (with the blanking signals on) where it
is in correct position to start scanning line 2 when the blanking voltage
is removed. The remainder of the lines follow in similar fashion. At the
bottom of the picture, after the last line has been scanned, a longer
blanking signal is applied while the beam is returned to the top of the
picture. The purpose of the blanking voltages is simply to prevent the
beam from impinging on the screen when the beam is merely moving
into position for the next scanning run.

A possible current that could be used for the horizontal- and vertical-
deflection coils is the sawtooth wave illustrated in Fig. 2-5, This current
rises gradually to a fixed level and then suddenly drops (almost vertically)
to zero to begin the process over again. More will be mentioned about
sawtooth-wave generators when the television receiver is discussed.

For the second reason why the horizontal scanning process must
be modified, we must examine more closely the human eye and its
action when observing motion on a screen.

2.3 FLICKER

If a set of related still films follow each other fairly rapidly on a screen,
the human eye is able to integrate, or combine, them, and the motion
appears continuous. The eye can do this because of a phenomenon
called persistence of vision. Due to this property of the eye, visual
images do not disappear as soon as their stimulus is removed. Rather,
the light appears to diminish gradually, taking on the average, about 1/50
second before it disappears entirely. This situation is very fortunate,
for otherwise, motion picture and television entertainment might be
impossible.

It has been found that when theater films are presented at a rate of
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15 stills per second, the action appears continuous. However, at this
speed, flicker is still detectable and detracts from the complete enjoyment
of the film. The flicker is due to the impression in the viewer's mind
decreasing to too low a value before the next film is presented on the
screen. Increasing the rate at which the stills are presented will gradually
cause the flicker to disappear. At 50 frames per second—that is, 50
complete pictures per second—there is no trace of flicker, even under
adverse conditions. The rate is not absolute, however, but depends
greatly upon the brightness of the picture. With average illumination,
lower frame rates prove satisfactory.

In the motion-picture theater, 24 individual still films (or frames) are
flashed onto the screens each second. Since at this rate, flicker is
somewhat noticeable, a shutter in the projection camera breaks up the
presentation of each frame into two equal periods. The fundamental
rate is therefore increased to an effective rate of 48 frames per second.
This is accomplished by having the shutter move across the film while
it is being projected onto the screen. Thus we are actually seeing each
picture twice. By this ingenious method, all traces of flicker are eliminated.

In television, a fundamental rate of 30 images (or frames) per second
was chosen because this frequency and the effective rate are related to
the frequency of the ac power lines. Practically, this choice of frame-
sequence rate necessitates less filtering in order to eliminate an ac
ripple, which is called a hum in audio systems. With 24 frames per second
for example, any ripple that was not eliminated by filtering would
produce a weaving motion in the reproduced image. Less difficulty is
encountered from an ac ripple when 30 frames per second are employed.

To eliminate all traces of flicker, an effective rate of 60 frames per
second is utilized. This is accomplished by increasing the downward
rate of travel of the scanning electron beam so that every other line
is sent instead of every successive line. Then, when the bottom of the
image is reached, the beam is sent back to the top of the image, and
those lines that were missed in the previous scanning are now sent.
Both of these operations, the odd- and even-line scanning, take 1/30
second ; therefore 30 frames is still the fundamental rate. However,
since all the even lines are transmitted in 1/60 second and the same is
true of the odd lines, they add up, of course, to 1/30 second. To the eye,
which cannot separate the two, the effective rate is now 60 frames per
second, and no flicker is noticeable.

To differentiate between the actual fundamental rate and the effective
rate, we say that the frame frequency is 30 Hertz, whereas the effective
rate (called the field frequency) is 60 Hertz. This method of sending
television images (Fig. 2-6) is known as interlaced scanning.

Each complete scene is sent at a rate of 30 frames per second.
To obtain the desired amount of detail in a scene, the picture is divided
into a total of 525 horizontal lines. The technical reasons behind the
choice of 525 lines are related to these requirements :

TAR
;U.D.I; oF E_/ TA"ZG

END OF ENO OF
FELDY FELD 2

Fig. 2-6. The path of the electron beam in interlaced
scanning.
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1. The frequency bandwidth available for the transmission of the
television signals. As will be shown later, the required bandwidth
increases with the number of lines.

2. The amount of detail required for a well-reproduced image.

3. The ease with which the synchronizing (and blanking) signals
can be generated.

With each frame divided into two parts (because of interlaced
scanning), each field will have one-half of 525 lines, or 262-1/2 lines,
from its beginning to the start of the next field. As a matter of definition,
a complete picture is called a frame. With interlaced scanning, each
frame is broken up into an even-line field and odd-line field. Each field
contains 262-1/2 lines, whereas a frame has 525, the full amount.

2.4 THE COMPLETE SCANNING PROCESS

From the foregoing discussion, it becomes possible to reconstruct the
entire scanning process. Although only the movement of the electron
beam at the television camera will be considered, an identical motion
exists at the receiver screen.

At the start of the scanning motion at the camera-tube image plate,
the electron beam is at the upper left-hand corner, point A of Fig. 2-6.
Then, under the combined influence of the two sets of deflection coils,
the beam moves at a small angle downward to the right. When point B
is reached, the blanking signal acts while the beam is rapidly being
brought back to point C, to start the third line, as required for interlaced
scanning. The blanking signal then ends and the electron beam once
again begins its left-to-right motion. In this manner every odd line is
scanned.

When the end of the bottom odd line has been reached (point D),
the blanking signals are applied while the beam is brought up to point E.
Point E is above the first odd line of field 1 by a distance approximately
equal to the thickness of one line. The beam is brought here as a result
of the odd number of total lines used (525). Each field has 262-1/2 lines
from its beginning to the start of the next field and, when the beam
reaches point E, it has moved through the necessary 262-1/2 lines from
its starting point A. From here the beam again starts its left-to-right
motion, moving in between the previously scanned lines, as shown in Fig.
2-6. The beam continues until it reaches point F and from here is brought
back to point A. From point A, the entire sequence repeats itself.

Thus, the electron beam moves back and forth across the width of
the image plate 262-1/2 times in going from point A to point D to
point E. The remaining 262-1/2 lines needed to form the total of 525
are obtained when the beam moves from point E to point F back to
point A. The process may seem complicated, but actually it is carried
out quite readily and accurately at the transmitter and receiver. A more
detailed analysis, including the number of horizontal lines that are lost
when the vertical blanking interval occurs, is given later in this chapter.
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2.5 BLANKING AND SYNCHRONIZING SIGNALS

The cathode-ray beam at the receiver must follow the transmitter action
at every point. For example, each time the camera-tube beam is blanked
out, the same process must occur at the receiver and at the proper
place on the screen. It is for this purpose that blanking-pulse signals
are sent along with the video signals which contain the image details.
These blanking pulses, when applied to the control grid of a cathode-
ray tube, bias it to a large negative value, sufficient to prevent any
electrons from passing through the grid and on to the fluorescent screen.

Blanking voltages, while preventing the electron beam from impinging
on the fluorescent screen during retrace periods, do not cause the
movement of the beam from the right- to the left-hand side of the screen,
or from the bottom to the top. For this, another set of pulses, super-
imposed over the blanking signals, control the oscillators at the receiver
and these, in turn, control the position of the beam. The pulses are called
synchronizing pulses. A horizontal pulse at the end of each line causes
the beam to be brought back to the left-hand side, in position for the
next line. Vertical pulses, at the end of each field, are responsible for
bringing the beam back to the top of the image.

2.6 THE VIDEO SIGNAL

In order to see how the picture detail, blanking signals, and synchronizing
pulses are all combined to form the complete video signal, refer to
Fig. 2-7(A). Here three complete lines have been scanned. At the end
of each line the blanking signal is imposed on the beam and automatically
prevents the electron beam from reaching the image plate at the camera
or the fluorescent screen at the receiver. With the blanking signal *’ on,”
a synchronizing pulse is sent to cause (in this instance) the horizontal-
deflection coils to move the position of the electron beam from the right
side of the picture to the left. The sync pulse triggers a sweep oscillator
circuit which provides the proper deflection coil currents needed for
the retrace. This movement accomplished, the job of the synchronizing
pulse is completed, and a fraction of a second later the blanking control
releases its bias on the grid of the cathode-ray tube and the electron
beam starts scanning again. This process continues until all the lines
(odd or even) in one field have been scanned. Details involving the
horizontal blanking and the sync pulse are shown in Fig. 2-7(B).

The vertical motion ceases at the bottom of the field, and it is necessary
to bring the beam quickly to the top of the image so that the next field
can be traced. Since the vertical-triggering pulse and the retrace require
a longer period of time than the horizontal-triggering pulse and the
retrace, a longer blanking signal is inserted. As soon as the blanking
signal takes hold, the vertical-synchronizing pulse is sent. The form
that this takes is shown in Fig. 2-8. Because the horizontal-synchronizing
pulses must not be interrupted, even while the vertical-deflection coils
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Fig. 2-7(A). The complete video signal for three
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Fig. 2-10. The form of the composite video signal as
applied to the grid of a TV receiver picture tube
(positive picture phase).

are bringing the electron beam to the top of the field, the long vertical
pulse is broken into appropriate intervals. In this manner it is possible
to send both horizontal and vertical pulses at the same time, each type
being accurately separated at the receiver and transferred to the proper
deflection system.

By means of the vertical deflection coils, the electron beam is brought
back to either point A or point E (Fig. 2-6), and then the scanning of the
next field begins. The term used for the series of synchronizing pulses
that combine to make up the total vertical synchronizing signal is,
serrated vertical pulses.

2.7. NEGATIVE AND POSITIVE VIDEO POLARITY

A closer inspection of a video signal (Fig. 2-9) reveals that of the total
(100 per cent) amplitude available, from 75 to 80 percent is set aside
for the camera-signal variations. At the level where the camera signal
ceases, the blanking voltage is inserted. The remaining 20 to 25 percent
of the amplitude is reserved for the horizontal- or the vertical-synchro-
nising pulses. It will be noticed that, no matter where the camera signal
happens to end, the blanking level and the synchronizing pulses
always reach the same amplitude. This is done purposely at the trans-
mitter, and several operations in the television receiver depend upon
this behavior. It must be remembered, however, that this similar amplitude
does not necessarily have to be used, but it is specifically employed
because of the resulting simplicity at the receiver.

Figure 2-9 illustrates the form of the video signal as it is used in the
United States. From the relative polarity marked on the ordinate (or
vertical) scale, it is seen that the brightest portions of the camera signal
cause the least amount of current to flow, or that their voltage has the
least amplitude. The synchronizing pulses give the largest voltage and
the greatest current of all.

Transmitting the video signal in this form is known as negative
picture phase. It is claimed that less interference is visible on the viewing
screen with negative picture transmission and that better all-round
reception is obtained under adverse conditions.

In the receiver, before the video signal is applied to the control grid
of the cathode-ray tube, the signal must possess the proper, or positive,
picture phase (Fig. 2-10). The grid of the cathode-ray tube is then
biased by enough negative voltage that, when the blanking voltage
section of the signal is present, the electron beam is automatically
prevented from reaching the fluorescent screen. With the positive
picture phase, the camera-signal voltages are all more positive than the
blanking pulse and, on these portions of the video signal, the electron
beam is permitted to impinge on the screen with varying amounts of
electrons. A bright spot in the received image causes the grid to become
more positive than when the voltage of a darker spot is applied. More
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electrons in the beam mean that more light is emitted at the screen, and
the various shades and light gradations of the image are formed by differ-
ent voltages.

The purpose of the blanking voltage in the video signal is to prevent
the electron beam from reaching the fluorescent screen. This factis well
known by now. The point in the video wave where the blanking signal
is located occurs in the region where the currents corresponding to the
very dark portions of the image are found. By the time the blanking
voltage acts at the control grid of the viewing tube, the beam is entirely
cut off and nothing appears on the screen. The blanking level is then
properly called the black region, because nothing darker appears on the
fluorescent screen. By nothing darker, we mean no light at all appears.

Now, consider the video signal of Fig. 2-10. Beyond the blanking
level we find the synchronizing pulses. When applied to the viewing-
tube control grid along with the rest of the wave, the pulses drive the
grid to a negative voltage even greater than the cutoff voltage. The
pulse region, for this reason, is labeled blacker than black, because
the position of the blanking signal has been labeled black. The unwanted
synchronizing pulses that ride through the video amplifiers with the
necessary video signal need not be removed because they do not
interfere in any way with the action of the control grid at the cathode-ray
tube. As will be shown presently, the complete video wave is applied,
after the detector, to the synchronizing- and video-amplifier circuits
simultaneously. The synchronizing clipper tube permits only the pulses
to pass through, whereas the video amplifiers allow the entire signal to
pass.

2.8 WHY TELEVISION REQUIRES WIDE FREQUENCY
BANDS

In dealing with television receivers, it will be found that extensive use
is made of wide-band amplifiers designed to receive signals extending
over a band 4 to 6 megaHertz (MHz) wide. The different forms which
these amplifiers may assume and their characteristics are discussed in
later chapters; however, the reason for the extremely wide bandwidth
may be appreciated now.

In Chapter 1, it was brought out that the more elements in a picture,
the finer the detail that is portrayed. The picture can also stand closer
inspection before its smooth, continuous appearance is lost. Each
1/30 second, 525 lines are scanned, or a total of 15,750 lines in each
1 second. If each horizontal line contains 700 separate elements, then
15,750 x 700, or 11,025,000, elements or electrical impulses are
transmitted each second. In order to attain full advantage of the use
of this number of elements, it is first necessary to determine what relation-
ship exists between two quantities: the number of elements and the
bandwidth.
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Fig. 2-11. The basic relationship between the
number of elements in an image and the width of the
frequency band required.

Consider, for example, that the image plate in the camera tube is
broken up into a series of black-and-white dots, each dot representing
one element. A portion of the resulting pattern is shown in Fig. 2-11(A).
As the scanning beam passes over each element in turn, a pulse of current
flows every time a white dot is reached, for this element has a large
deficiency of electrons. At the next element, the current drops to zero,
for theoretically a black dot represents an element that has received no
light at all. It therefore requires no additional replacement of electrons.
As one horizontal line is scanned, the electric pulses of current would
have the shape shown in Fig. 2-11(B).

If one maximum point in the wave is combined with its succeeding
minimum point, one complete cycle is obtained. The same situation
prevails in any sine wave (see Fig. 2-11(C)). Since each white dot
represents a maximum point and each black dot a minimum point,
taking the total number of white and black dots on a line and dividing
their sum by 2 gives the number of cycles the current goes through when
one horizontal line is scanned. With 700 elements (dots, in this case)
on a line, a fundamental frequency of 350 cycles per line is generated.

Under present standards, 525 lines are scanned in 1/30 second, or a
total of 15,750 in 1 second. Employing 700 elements per line, 11,025,000
picture elements are sent each second, which, for our analysis results in a

11,025,000

frequency of 3 Hz, or 5.51 MHz. In actual practice, a band-

width of 4 MHz is allowed. Thus, for the video-section requirements
alone, this extremely large bandwidth must be passed by all the tuned
circuits of the television receiver.

The above situation would seldom, if ever, be found in practice.
However, the figures obtained by this reasoning yield results that have
been found satisfactory, and the method derived from this viewpoint is
justified.

Although 4 MHz are required to accommodate the video informa-
tion alone, the transmitted bandwidth set in practice is 6 MHz. Of the
extra 2 MHz, the FM audio carrier uses 50 kHz. Apparently some of the
total bandwidth is not utilized. The reason for this seeming extra
space is found in the process whereby the television video carrier is
generated.

On ordinary AM radio broadcast frequencies, it is common knowledge
that most stations occupy a 10-kHz bandwidth, or 4+ 5 kHz about the
carrier position. Thus, if a station is assigned the frequency of 700
kHz, it transmits a signal that occupies just as much frequency space on
one side of 700 kHz as on the other. With a modulating frequency of
5 kHz, the deviation is 5 kHz (or 5,000 Hertz) on either side of the carrier
position of 700 kHz. Technically, we say that these side frequencies are
sidebands. For the present illustration, each sideband may have a
maximum deviation of 5 kHz about the mean, or carrier, position. The



PRINCIPLES OF SCANNING, SYNCHRONIZING, AND VIDEO SIGNALS

information of the signal is contained in the sidebands, since they are
not generated until speech or music or other sounds are projected into the
microphone. At the receiver, the variations in the sidebands are transform-
ed into audible sounds and heard by the radio listener.

It can be shown that those sidebands that are generated with frequen-
cies higher than the carrier frequency contain the same information
as the sidebands with frequencies lower than the carrier. In other words,
if one set of sidebands (either above or below the carrier) were eliminated,
we could still obtain all the necessary information at our receiver. One
reason that a sideband is not eliminated is for economic reasons.
A transmitter naturally generates both sidebands, and it is often cheaper
to transmit both than to try to eliminate one by expensive and complicated
filters. However, single sideband transmission does exist for certain
communication facilities.

Now, let us turn our attention to the video signal. This signal is
generated by fundamentally the same type of apparatus that is employed
at the AM sound broadcast frequencies. Since 4 MHz are needed for
the picture detail, a signal would be generated that extended 8 MHz,
or + 4 MHz about the carrier. This spectrum does not include the sound.
An 8 MHz band is undesirable because of the bandwidth occupied and
the difficulties inherent in transmitting a signal of this bandwidth.
Hence, the need arises for removing most of one sideband, since as
noted previously, only one is required.

The undesired sideband is mostly removed by filters that follow the
last amplifier of the television transmitter. But filters that will cut off
one sideband sharply and completely and leave only the one desired
are not easily constructed. Furthermore, in the process of elimination,
nothing must occur that changes the amplitude or the phase of any of
the components in the desired sideband. As a compromise arrangement,
most, but not all, of one sideband is removed, and in this way the
remaining sideband is not affected by the filtering. Thus part of the
6 MHz bandwidth is occupied by what may be called the remnants
of the undesired sideband. This method is known as a quasi-single-
sideband or vestigial-sideband operation.

In Fig. 2-12(A) the television-video signal appears with both side-
bands present, and in Fig. 2-12(B) the signal is shown as it appears
after passage through filters that partially remove one sideband. The
frequency of the carrier is found 1.25 MHz above the low-frequency
edge of the television signal. Then for 4 MHz above this, we have the
television video signal with the desired picture information. A 0.5 MHz
bandwidth separates the high-frequency edge of the video signal and
the FM carrier. The space is left for the purpose of preventing undesirable
interaction between the two, for example, cross-modulation, which
would lead to the distortion of the video signal. In this manner, the
allotted 6 MHz are distributed.
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Fig. 2-12. Sideband transmission of television
signals. (B) is standard in the United States and rep-
resents the signal as sent.
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2.9 EFFECT OF LOSS OF LOW AND HIGH VIDEO
FREQUENCIES

While uniform response over a 4-MHz band may be required in the
picture IF and video amplifiers, this is not easily attained in practice.
Special circuit designs must be resorted to which are more fully explained
at the appropriate places in later chapters of this book. For the moment,
itis only necessary to point out the effects of poor response at the high
or low frequency ends of the band.

In the preceding analysis we have seen that a greater number of
elements requires a greater bandwidth if advantage is to be taken of the
increase. Since detail is determined mainly by the number of very small
elements, any decrease in the response at the higher frequencies will
result in less fine detail available at the receiving cathode-ray screen.
The picture will lose some of its sharpness and may even appear some-
what blurred if the high-frequency response is degraded enough.
In commercial monochrome television receivers, a video passband of
from 3.3 to 4.0 MHz is generally considered good, while anything
appreciably below 3.0 MHz is not too desirable. As we shall see, the
frequency response of circuits in a color television receiver must not
fall below about 4 MHz, or the color portion of the signal will be
affected.
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At the low-frequency end of the band, poor frequency response
results in obliterating the slow changes that occur in background
shading. This results in incorrect shading of the large areas in the
reproduced picture. \

REVIEW QUESTIONS

1. What type of signal is used for synchronizing a receiver-deflection system with the trans-
mitter ?

. Explain the use of fields for reducing flicker.
. What was the original reason for using a rate of 60 fields per second ?

. Explain what is meant by interlaced scanning.

O & w N

. What are the wave-forms needed (by the deflection system of the picture tube) for pro-
ducing a raster ?

. Where are equalizing pulses found, and what are they used for ?
. Why is it necessary to focus the electron beam in a picture tube ?
. What is meant by the expression actiye scanning lines?

. Compare vestigiat-sideband transmission with double-sideband and single-sideband
transmission (AM).

0w W N,
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Television Camera
Tubes

3.1 INTRODUCTION

In a previous chapter, we learned that in the telecasting process an
optical image is converted into an electrical image for transmitting the
picture to the receiver. We also learned that this important conversion is
done in the TV camera by an image pickup tube. Now, the operation of
the TV camera tube will be described in greater detail, for it is what this
tube “sees’ and converts into equivalent electrical impulses that
determines the form of the image finally reproduced at the receiver.

For high quality images at the receiver, the camera tube must resolve
the scene being televised into as many basic picture elements as
possible, because the greater the number of these elements the higher
the quality of detail in the reproduced picture. Also, the scanning beam
in the pickup tube must produce electrical signals that faithfully represent
each of these picture elements. To do this, the optical to electrical con-
version must be achieved at a high signal-to-noise ratio to provide
proper pickup sensitivity when low light-level scenes are being tele-
cast. In other words, when there is no incident light on the face
of the pickup tube, there must be little, if any, output signal. From
these requirements, it can be seen that camera-tube characteristics and
its electrical operation are important considerations.

Figure 3-1 is a simplified diagram of a typical monochrome-TV
camera. An optical system focuses light reflected by the scene onto
the faceplate of the camera tube. There, a photoelectric process trans-
forms the light image into a virtual electronic replica in which each
picture element is represented by an electrical potential. A scanning
beam in the pickup tube next converts the picture, element by element,
into electrical impulses and develops at its output an electrical sequence
that represents the original scene. The output of the camera tube is then
amplified to provide the video signal for the transmitter and to provide
a sample of the video signal for observation in a viewfinder that is
mounted on the camera housing.

Electronic circuits that provide the necessary control, synchronization,
and power supply voltages operate the camera tube in the TV camera.
A deflection system is included in the TV camera to control the movement
of the camera-tube scanning beam. Many TV cameras receive syn-
chronizing pulses from a studio-control unit, which also provides the
sync pulses that synchronize the receiver with the camera; however,
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some of the newer TV cameras generate their own control signals and,
in turn, provide output pulses to synchronize the control unit. Manual
controls are also provided at the rear of the camera for setting the
optical lens and for zooming. Because of the complex electronic circuits
and controls, the TV camera was originally rather large and awkward to
handle, however, recent innovations have revolutionized the camera’s
construction

In the last three decades, television has become the entertainment
medium of the major population areas of the world. But television is not,
by any means, limited to entertainment. In fact, television has found
widespread use in education, medicine, industry, aerospace, and ocean-
ography. Many of these applications require special camera tubes,
some having widely varying sensitivities to light at different wavelengths
throughout the spectrum. Much has been spent on image detection
devices, and, today, whatever the need, there is a TV camera tube that
can do the job. Some of these special purpose camera tubes will be
discussed later on in this chapter.

Solid-State Camera Circuits Formerly, vacuum tubes were used
in the electronic circuits of the TV camera. These tubes consumed a
great deal of power in heating the filaments and produced a large amount
of heat, which, in conjunction with the heat generated by studio and
scene lighting, elevated the camera to a rather high temperature.
As a result of this high-heat environment, the electronic circuits in
the camera had to be aligned many times each day during regular
program production. In general, the TV camera circuits were not stable
and required at least one operator for each camera. Also, the vacuum
tubes required spacious compartments, resulting in a camera which
was both large and awkward.

TELEVISION CAMERA TUBES 31

Fig. 3-1. Simplified diagram of a typical mono-
chrome-television camera.



32 TELEVISION SIMPLIFIED

-

-

L

2 inch 3 inch 4} inch

Fig. 3-2. RCA image orthicons. (Courtesy of RCA.)
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Today, transistors, integrated circuits, and modular construction have
made dramatic improvements in television broadcasting. Transistors
have replaced the vacuum tube, eliminating the excessive power
consumption and most of the heat. Integrated circuits have combined
into one tiny block many of the circuits that previously included numerous
capacitors, resistors, and transistors, all mounted on a large-area circuit
board. The elimination of the vacuum tube and its heat made modular
construction feasible and allowed a remarkable reduction in the overall
size of the TV camera. Also, modular construction has virtually done
away with troubleshooting to the component level. Now the trouble is
merely traced to a particular module, and then the module is simply
replaced, usually with no more difficulty than formerly encountered in
replacing a vacuum tube. All of these advantages, together with temper-
ature compensated deflection circuits, the use of feedback, and better
regulated power supplies have resulted in a hundred-to-one improve-
ment in stability. In fact, a common practice now is for one man to
operate several TV cameras.

Color TV Cameras Thus far we have considered only cameras used
for black and white, or monochrome, reproduction. To add color to the
television system, a separate camera tube is used for each of the
primary colors, red, green, and blue. A color filter system is also used to
separate the incoming light from the image into the three colors and to
focus each color onto the faceplate of an appropriate camera tube.
The three camera tubes are identical except that the photosensitive
material in each tube is more responsive to the particular color for which
the tube is used. Remember though that each color is first determined
by the filter system. The output from each tube consists of electrical
impulses that represent the elements of the particular primary color
reflected by the scene. These outputs are then amplified to provide three
channels of video signals, one channel for each color. Color cameras
will be discussed in more detail, after we have taken a closer look at the
camera tubes which are in general use in the television industry.

3.2 TYPES OF CAMERA TUBES IN USE

Basically, TV camera tubes can be divided into two distinct classifications
according to their method for producing an electrical image within the
tube. The first method is by photoemission, whereby electrons are emitted
from a photosensitive surface when light from the scene is focused
onto the surface. The second method is by photoconduction, where
the conductivity or resistance of the photosensitive surface varies in
proportion to the intensity of the light focused onto the surface. By means
of these two classifications, the camera tubes can be divided into the
two types in general use: the image orthicon (see Fig. 3-2), which



uses the process of photoemission ; and the vidicon (see Fig. 3-3), which
uses the process of photoconduction. Aside from these basic differences
there are also several operational characteristics that are common to
both types of camera tubes. These characteristics are important in con-
sidering a tube for a particular application.

At present, the vidicons in general use far outnumber the image
orthicons. This has come about mainly because of the vidicon's small
size and simplicity, which has made the tube especially desirable for
industrial and aerospace applications. In fact, most of the color cameras
today incorporate vidicons for the three color channels and, in some
cases, a fourth vidicon for a luminance channel to provide better color
registration and sharper monochrome pictures.

Camera Tube Characteristics Among the characteristics common
to all camera tubes is their light transfer capability. This is the ratio of
faceplate illumination in footcandles to signal current in nanoamperes.
This characteristic is referred to as the gamma of the tube, or simply
the ratio of brightness variation in the reproduced image to the brightness
variation in the original scene. Normally, the camera tubes are operated
with unity gamma.

For a proper tonal rendition, the spectral response of a camera tube
is an important parameter. The tube should have, as nearly as possible,
the same spectral response as the human eye. This is necessary to
render colors in their proper tones in reproducing black and white
pictures, thereby producing the proper gray scale. Tubes designed to
operate in a color camera have a greater response to each of the primary
colors. Today, spectral response distribution has made possible the
manufacture of camera tubes that are sensitive to the infrared, the ultra-
violet, and even the x-rays. But variations in spectral response have had
little effect on the other operating characteristics of the tube.

If the photosensitive material in a camera tube were able to emit an
electron for each photon of light focused upon the material, the quantum
efficiency of the material would be 100 percent: quantum efficiency
being

Quy = electrons
photons

Quantum efficiencies this high are hardly possible, but quantum

efficiency, nevertheless, is a practical way to compare photosensitive

surfaces in the camera tube. In this comparison, photocurrent per

lumen * is measured, using a standard light source. The source adopted

for the measurement is a tungsten-filament light operating at a color

* A lumen is the amount of light that produces an illumination of one footcandle over an area
of one square foot.
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Fig. 3-3. RCA vidicon. (Courtesy of RCA.)
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Fig. 3-4. Picture element charge buildup.

temperature of 2870° K. Since the lumen is actually a measure of
brightness stimulation to the human eye, quantum efficiency is a
convenient way to express the sensitivity of the image-pickup tube.

3.3 SCANNING AND PICTURE ELEMENTS

Scanning in the TV camera tube is identical to scanning in the receiver.
The method of beam deflection, though, is slightly different in some
camera tubes in that electrostatic deflection is used instead of, or in
conjunction with, magnetic deflection. In electrostatic deflection,
plates mounted inside the tube develop transverse electric fields that
move the beam. In magnetic deflection, coils mounted around the
camera tube produce transverse magnetic fields that move the beam
fom the right to the left and from the top to the bottom of the scanned
area. The purpose of scanning in the receiver cathode-ray tube is to
" paint’ the picture on the face of the tube. In the camera tube, scann-
ing produces the picture elements that control the intensity of the
painting beam in the receiver.

Photon-to-electron conversion is the means of changing an optical
image to an electrical charge replica, in the camera tube. Because of the
scanning beam, the charge replica becomes a sequence of electrical
signals at the output of the tube. However, we have not yet determined
how the scanning beam interrogates the charge replica of the original
image and develops the sequential video signal. To better understand
this electrical action, we will first define the picture element.

At this point, it is necessary to consider only the charge replica of the
image. The exact way in which the replica is formed will be explained
when we discuss the operation of the various camera tubes. In Fig.
3-4(A), the original image is focused onto a plate to form the charge
replica. The plate contains a large number of photosensitive elements,
or cells, each insulated from its neighbors. When the brightly illuminated
portions of the original image reach the corresponding photosensitive
elements, these elements assume an electrical charge (positive) which
is different from that of the non-illuminated elements. The white areas
of the plate are charged, while the black areas are not. The amount of the
charge on any given element depends upon the intensity of the light im-
pinging on that element. As a result, the electrical replica of the image,
consists of a mosaic of electrical charges, which are distributed in indi-
vidual elements, or cells, similar to the grains of a photographic plate or
film. The individual elements are too small to be seen by the naked eye,
and the finely focussed electron beam has a diameter equal to the com-
bined size of several elements. When the electron beam scans the charge
replica of the image, it will discharge (or sense) the average charge of
several elements. Therefore, the resolution of the camera tube is limited
by the diameter of the scanning beam. This is illustrated in Fig. 3-4(B).

A fine-grain photograph, with many grains per unit of area, is capable



of greater enlargement than a coarse-grain picture before these elements
become discernible. With television images, the same kind of situation
prevails. In the receiver, each picture element is just as large as the area
of the circular beam impinging on the fluorescent screen of the cathode-
ray tube. The light that is seen when observing a cathode-ray tube screen
is derived from the energy given off by the impinging beam to the
particles of the fluorescent coating on the inner face of the tube. If the
points of light are closely spaced, the observer will integrate them in
his eye and their character as separate points will disappear. Hence, one
of the first considerations for a television picture that is to reproduce
fine detail is an electron beam of small diameter. This requirement is as
important at the receiver screen as it is at the camera tube.

The complete scanning process is covered in Chapter 2. Synchroni-
zation, blanking, and beam deflection are exactly the same at the camera
tube as at the picture tube in the receiver. For that reason, synchroni-
zation of the two units is most critical. When the picture element gives
up its intelligence to the scanning beam in the camera-pickup tube, the
receiver-scanning beam must reproduce that information of the face
of its cathode-ray tube.

3.4 OPERATION OF THE IMAGE ORTHICON

The image orthicon is a sensitive, stable TV camera tube intended for
either outdoor or studio operation. It can produce high-quality com-
mercially-acceptable pictures with incident light levels at the scene rang-
ing from bright sunlight to deep shadows. Moreover, its sensitivity is
equivalent to photographic film having an ASA exposure index of 8000.
For comparison, the film ordinarily used by most newspaper photog-
raphers has an index of 100. Because of this sensitivity and its dependable
service in almost every TV application in the field or studio, the tube
has become known as the ’ workhorse of the industry.”

The image orthicon is divided into three sections : an image section,
where the electron replica of the image is formed and focused onto a
target; a scanning section, where a scanning beam converts the image
replica into electrical impulses ; and a multiplier section where, through
a process of secondary emission, more current is generaied than is
contained in the returning beam. Figure 3-5 illustrates all three sections
of the tube, with its focus and deflection coils.

In operation, light rays from the scene being televised are focused
by an optical lens system onto a semitransparent photocathode on the
inner surface of the faceplate of the tube. Electrons are emitted from
each point on this photocathode in proportion to the incident light
intensity. Note that the light rays must penetrate the semitransparent
photocathode to reach the photosensitive inner surface.

The emitted electron replica (in which, at each point, the density of
the electrons corresponds to the light at that point) is directed toward

TELEVISION CAMERA TUBES
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Fig. 3-5. The internal construction of the image
orthicon.
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the target by an accelerator grid. Focusing of the replica onto the target
is accomplished by the external focus coil that surrounds both the
image and the scanning sections. When the accelerated electrons of
the replica strike the target, secondary electrons are emitted by the target
material. These electrons are then collected by a fine-mesh screen that
is spaced close to the photocathode side of the target. This screen
is held at a definite potential with respect to the cutoff voltage of the
target, thereby limiting target potential for all values of the incident
light and stabilizing the operation of the tube.

Emission of the secondary electrons develops on the photocathode
side of the target a pattern of positive charges directly proportional to the
distribution of energy in the arriving electron replica. This pattern of
charges, because of the target material, develops a similar potential
pattern on the scanning-section side of the target. The target is not
photosensitive but is made of a thin material that is capable of emitting
many secondary electrons.

In the scanning section, an electron gun produces a low-velocity
electron beam which scans the side of the target opposite the photo-
cathode side. This gun includes a thermionic cathode, a control grid
(grid No. 1 in Fig. 3-5, and an accelerating grid (grid No. 2 in the same
figure). The beam is focused on the target by the external focus coil
and an electrostatic field produced by grid No. 4. Grid No. 5 is used to
shape the decelerating field between grid No. 4 and the target, so that
electrons in the scanning beam will land uniformly over the entire area
of the target.

During scanning, the electrons in the beam stop their forward motion
at the surface of the target. Here, they are turned back toward the
multiplier section, unless the particular point of target landing is a
positive charge. In this latter case, enough electrons from the beam are



deposited to neutralize the positive charge pattern on the target. This
leaves a zero charge pattern on the scanning side of the target and a
positive pattern on the photocathode side, but the two neutralize each
other by conductivity through the target material in less than the time
of one frame, or 1/30 second. The electrons turned back at the target
form the return beam, which is directed into the multiplier section. This
return beam has been amplitude modulated by the absorption of electrons
at the target in accord with the charge pattern whose more positive
areas correspond to the highlights of the electron replica.

It is evident that the most positive points on the target turn back to
the multiplier section the least number of electrons from the original
scanning beam. Hence, the voltage developed across the output load
resistor is inversely proportional to the positive charge intensity on the
target.

To function effectively, the target must be able to conduct between
its two surfaces but not along either surface. The logic of this is evident.
Whatever charge appears on one side of the target due to the focused
image must likewise appear on the other side. It is this second side which
is scanned, and it is from here that the video signal is obtained. Hence,
a conducting path must exist between the front and back sides. However,
nothing must disturb the relative potential that exists throughout the
charge pattern, as deposited on the photocathode side of the target.
Hence, no conduction is permissible between the various elements
of any one side of the target. If this does occur, the charge differences
between the various points on the electron replica disappear.

A major reason for the high sensitivity of the image orthicon stems
from the current amplification that takes place in the multiplier section
of the tube. In this multiplier, the electrons in the return beam are
captured and then increased through a process of secondary emission
to provide an output current that is several hundred times stronger
than it would be without a multiplier.

The multiplier structure in the image orthicon consists of a series of
circular screens set one below the other around the electron gun, as
shown in Fig. 3-6. The return beam is directed to dynode No. 1 (this
is also grid No. 2) of a 5-stage electron multiplier. For each electron
that strikes this dynode, two or more electrons are dislodged from its
surface. These secondary electrons are then directed (by the electric
field of grid No. 3 and the higher voltage of dynode No. 2) to dynode
No. 2. This latter element is a 32-blade pinwheel mounted directly
below dynode No. 1. The arriving electrons strike the blade of dynode
No. 2, causing secondary electrons to be emitted, which are drawn
through the slots to the next stage. A schematic diagram of the image
orthicon showing the arrangement of the dynodes is presented in
Fig. 3-7.

This multiplying process continues at each successive dynode, with
an ever increasing stream of electrons, until those emitted from the
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Fig. 3-6. Cut-away view of the image orthicon.
(Courtesy of RCA.)
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final dynode are collected by an anode and made available to the
output circuit

An amplification of 500 or more electrons is achieved in this fashion.
The multiplication so obtained maintains a high signal-to-noise ratio.
The gain of the multiplier is sufficient to raise the output signal above the
noise level of the video amplifiers to which the signa! is fed, so that the
amplifiers contribute no noise to the final video signal.

An alignment coil, mounted around the tube at the multiplier end of
the focusing coil, provides a transverse magnetic field for aligning the
scanning beam from the electron gun. Also, the horizontal and vertical
deflection coils are mounted around the scanning section of the tube.
This entire assembly, including all of the coils, is housed in a metal shield
for installation in the camera.

Recently, many developments in photocathode materials have
greatly improved the operating performance of the image orthicon and
have greatly improved the operating performance of the image orthicon
and have eliminated most of its disadvantages. Bialkali and multialkali
materials, as used in the RCA image orthicon photocathodes, now
provide a wide selection of spectral responses. These range from those
which closely approximate the response of the human eye to extremely
high sensitivities extending into the near infrared region of the spectrum.

To complement these recently developed photocathodes, several new
target materials are now being used. Among these are electronically-
conducting glass and thin-film semiconductive materials. Also, standard
glass targets, made of the finest optical-quality glass to eliminate optical
distortion, are used in some image orthicons.

Another feature of many image orthicons is a field mesh mounted in
the scanning section near the target to prevent beam bending due to
the charge pattern on the target. This device is a fine-mesh screen that
causes the scanning beam to approach the target perpendicularly at all
points on the scanning surface. Because of this perpendicular approach,
the reproduced pictures are relatively free of unwanted bright edges or
" overshoots  at the boundary of the brightly illuminated portions of a
scene. Also, the field mesh improves the dynamic registration in color
televising applications and provides greater picture sharpness.

3.5 OPERATION OF THE VIDICON

The vidicon is a simple, compact TV camera tube that is widely used in
education, medicine, industry, aerospace, and oceanography. It is,
perhaps, the most popular camera tube in the television industry. During
the past several years, much effort has been spent in developing new
photoconductive materials for use in its internal construction. Today,
with these new materials, some vidicons can operate in exposure to
direct sunlight or in near-total darkness. Also, these tubes are available
with diameters ranging from 1/2 to 4-1/2 inches, and some of the

TELEVISION CAMERA TUBES

39



40

TELEVISION SIMPLIFIED

,cmo NE4 FOCUSING COIL ALIGNMENT COIL
| MORIZONTAL AND
l VERTICAL DEFLECTION

cons \

CLASS
l FACEPLATE j=exlCR 0] [N212)

GRID NTI
~~ CATHODE

L - TARGET CONNECTION
TARGET

Fig. 3-8. Internal construction of a vidicon.

larger ones even incorporate multiplier sections similar to those used
in the image orthicon. The main difference between the vidicon and the
image orthicon is physical size and the photosensitive material used to
convert incident light rays into electrons.

The image orthicon depends on the principle of photoemission, where-
in electrons are emitted by a substance when it is exposed to light.
The vidicon, on the other hand, employs photoconductivity ; that is, a
substance is used for the target whose resistance shows a marked
decrease when exposed to light.

The operating principle of the vidicon camera tube is shown in
Fig. 3-8. The target consists of a transparent conducting film (the signal
electrode) on theinner surface of the faceplate and a thin photoconductive
layer deposited on the film. Each cross-sectional element of the photo-
conductive layer is an insulator in the dark but becomes slightly con-
ductive when it is illuminated. Such an element acts like a leaky capacitor,
having one plate at the positive potential of the signal electrode and
the other one floating. When light from the scene being televised is
focused onto the surface of the photoconductive layer next to the
faceplate, each illuminated element conducts slightly, the current
depending on the amount of light reaching the element. This causes
the potential of its opposite surface (i.e., the gun side) to rise toward
the signal electrode potential. Hence, there appears on the gun side of
the entire layer surface a positive-potential replica of the scene composed
of various element potentials corresponding to the pattern of light
which is focused onto the photoconductive layer.

When the gun side of the photoconductive layer, with its positive-
potential replica, is scanned by the electron beam, electrons are deposited
from the beam until the surface potential is reduced to that of the cathode
in the gun. This action produces a change in the difference of potential
between the two surfaces of the element being scanned. When the two
surfaces of the element, which in effect form a charged capacitor, are
connected through the external target (signal electrode) circuit and a
scanning beam, a current is produced which constitutes the video
signal. The amount of current flow is proportional to the surface potential
of the element being scanned and to the rate of the scan. The video-
signal current is then used to develop a signal-output voltage across the
load resistor. The signal polarity is such that for highlights in the image,
the input to the first video amplifier swings in the negative direction. In
the interval between scans, wherever the photoconductive layer is
exposed to light, the migration of the charge through the layer causes
its surface potential to rise toward that of the signal plate. On the next
scan, sufficient electrons are deposited by the beam to return the surface
to the cathode potential.

The electron gun contains a cathode, a control grid (grid No. 1), and
an accelerating grid (grid No. 2). The beam is focused on the surface of
the photoconductive layer by the combined action of the uniform mag-



netic field of an external coil and the electrostatic field of grid No. 3.
Grid No. 4 serves to provide a uniform decelerating field between itself
and the photo-conductive layer, so that the electron beam will tend to
approach the layer in a direction perpendicular to it, a condition that is
necessary for driving the surface to the cathode potential. The beam-
electrons approach the layer at a low velocity because of the low
operating voltage of the signal electrode. Deflection of the beam across
the photoconductive substance is obtained by external coils placed
within the focusing field.

The Plumbicon The plumbicon, developed by Philips of Holland,
is a small, lightweight television camera tube that has overcome many
of the less favorable features of the standard vidicon. The tube has fast
response and produces high quality pictures at low light levels. Its
small size, together with its low-power operating characteristics, make
it an ideal tube for transistorized television cameras designed to serve a
particular purpose. Present-day color television cameras are making
widespread use of the plumbicon because of its simplicity and spectral
response to the primary colors. Typical plumbicon camera tubes are
shown in Fig. 3-9.

Functionally, the plumbicon is very similar to the standard vidicon.
Focus and deflection are both accomplished magnetically. The main
difference between the plumbicon and the standard vidicon is in the
target.

Figure 3-10 is a simplified diagram of the plumbicon target. As
shown in part (A) of this figure, the inner surface of the glass faceplate is
coated with a thin transparent conductive layer of tin oxide (SnO,).
This layer forms the signal plate of the target. On the scanning side of the
signal plate a photoconductive layer of lead monoxide (PbQ) is deposit-
ed. These layers are specially prepared to function as three sublayers,
each with a different conduction mode.

On the inner side of the faceplate, the tin oxide layer is a strong
N-type semiconductor, commonly found in transistors (see Fig. 3-10(B)).
Next to this N-type region is a layer consisting of almost pure lead
monoxide, which is an intrinsic semiconductor. The scanning side of
the lead monoxide has been doped to form a P-type semiconductor.
Together, these three layers form a P-1-N junction diode.

The photoconductive target of the plumbicon functions similarly
to the photoconductive target in the standard vidicon. Light from the
scene being televised is focused through the transparent layer of tin
oxide onto the photoconductive lead monoxide. Each picture element
charge takes the form of a small capacitor with its positive plate toward
the scanning beam, as shown in Fig. 3-10(C). The target signal plate
becomes the negative side of the capacitor. When the low-velocity
scanning beam lands on the charge element, it releases enough electrons
to neutralize the charge built up on the element capacitor. The scanning-
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Fig. 24-30 Improper adjustment of the color set fine-tuning

control ¢ JIT tih ( r su =Carr patt n WTr

here.

Fig. 24-31 Insufficient color amplitude, which may be the
result of an improperly adjusted color amplitude control or a
defective bandpass amplifier stage, may result in a weak
color display like the one shown here.

Fig. 24-32 Too much color amplitude will produce a picture
with oversaturated colors. An improperly adjusted color amp-
litude control or a defective automatic color-control circuit
may cause this condition.




Fig. 24-33 The improper adjustment of the hue control
(which is also called the tint control) results in this picture
with an overall green shading. This may also be caused by
incorrect phasing in the color demodulation circuits. A defect
in an automatic tint-control circuit can also produce this
general effect. The overall color might also be red or blue.
or some intermediate shade.

Fig. 24-34 An example of a color tube which shows poor
purity. Note the large areas of color.

Fig. 24-35 Colored confetti can result from low (or no) gain
in the RF amplifier.




Fig. 24-36 The appearance of the screen of a color receiver,
with a color-bar generator input, when there is a 60-Hz hum
in the signal circuits.

T T

Fig. 24-37 Ringing or close-spaced ghosts are seen here
at the trailing edge of each color bar. This is a circuit-caused
defect and is not due to multi-path reception.

Fig. 24-38 A color-bar generator pattern when color sync
is lost. (Monochrome-horizontal sync is normal.)
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Fig. 3-10. The plumbicon target.

beam current through the external signal-plate load resistor develops
the video-signal output.

The spectral response of the plumbicon can be varied during its
manufacture to suit almost any particular application. Since the tube
has gained wide popularity in color television cameras, it is now
available with a spectral response suitable for any of the primary colors:
red, green, or blue. The particular color response of the tube is designated
by the letter R, G, or B following its type number, e.g., a plumbicon for
use in a red channel is designated type 55875R.

3.6 COLOR TELEVISION CAMERAS

In order to televise a color picture using the method of separating the
three primary colors, three individual color cameras are required. In
some color cameras, a forth tube is used to provide an improved mono-
chrome picture and better detail for the color picture. This fourth tube
will be described later on in this chapter.

Except for the number of camera tubes used, the distinguishing
feature of the color camera is its optical system. It is here that all light
entering the camera lens is divided, or "split,” into separate color
beams: one beam for each camera tube. This beam-splitting is accom-
plished by mirrors, or prisms, and lenses arranged in a unit called a
beam-splitter. In the 4-tube camera, 4-way beamsplitters do the
dividing, while 3-way units do the job in the 3-tube cameras.

Four-Way Beamsplitter A simplified diagram of a 4-way beam-
splitter used in a typical 4-tube camera is shown in Fig. 3-11. Incident
light from the scene being televised is divided into two parts. One part
of the split beam is focused onto the faceplate of the fourth camera
tube, in the luminance channel, to provide the ” Y ”’ voltage (monochrome
signal) of the video signal. The other part of the split beam is reflected
by a front-surface mirror through a relay lens into a system of dichroic
mirrors. These mirrors are designed to reflect light of only one particular
color and to allow light of all the other colors to pass on through. In the
diagram of Fig. 3-11, the first dichroic mirror(1) reflects only the red
light from the scene onto the faceplate of the red-channel tube to
provide the R voltage of the video signal. Green and blue light pass
on through the mirror and strike the front surface of the second mirror(2).
This second mirror reflects the blue light into the blue channel and passes
the green light on through into the green channel. These two latter
channels provide the B and G voltages of the video signal.

Three-Way Beamsplitter The optical system in the 3-tube camera
is somewhat simpler than the system found in the 4-tube camera.
Figure 3-12 shows a simplified diagram of the compact 3-way beam-
splitter in the Norelco * PC-70 3-tube color camera. In this color-splitting

* N. V. Philips of Holland.
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Fig. 24-39 The effect on a color-bar pattern, when both
monochrome (horizontal) sync and color sync are absent.

Fig. 24-40 Appearance of the color-bar signal when there is
no G-Y signal present. Note the complete absence of green
coloring.




system, dichroic layers are integral with, and enclosed within, a single-
sealed assembly of small prisms. Color-trimming filters on the exit
faces of the prisms provide suitable color characteristics, in conjunction
with the spectral separation of the dichroic layers of the prisms and the
spectral response of the plumbicon tubes used in the camera.

The plumbicon tube, positioned at the red, green, and blue exits
of the beam-splitting optical system, has an antihalation faceplate which
prevents light reflected back from the sensitive layer in the tute from
generating an unwanted signal and impairing image quality. Each
Plumbicon is mounted in an identical yoke assembly which is indepen-
dently adjustable to center and align the tube in its optical axis. Each
yoke also provides the precise adjustment for rotating the scanned
area of the tube for angular registry.

3.7 SPECIAL PURPOSE TELEVISION CAMERAS

Over the past two decades, television has completely revolutionized
home entertainment, and now it is making great inroads in education,
medicine, industry, aerospace, and oceanography. In fact, there is
hardly a field of endeavor today that does not use television in some
particular application to perform tasks that heretofore were unsafe,
inconvenient, or impossible. However, not all of these tasks can be
performed by television equipment that is designed primarily for use in
the broadcast studio, and, for this reason, many special purpose cameras
have been developed.

Entertainment and Commercial Broadcasting In field applications
that usually require the reproduction of high quality, on-the-spot
television pictures, the cameras are set up wherever the action takes
place. To facilitate the required mobility, these cameras should be
small lightweight and easy to move about, yet they should retain all
of the features of the larger studio cameras. In the field applications,
they are usually connected to portable, field-type camera control units,
which in turn are connected, by cables or microwave radio links, to the
associated studio broadcast equipment. For studio use, the cameras are
connected directly to the studio camera control units.

A typical portable color television camera is shown in Fig. 3-13.
This camera is the Norelco PCP-90 “Minicam.” As a color camera, it
is designed for instantaneous news coverage and the on-the-spot
pickup of current events. Unlike other portable color cameras which
send separate red, blue, and green signals to their base stations for
processing, the Minicam does all its signal processing in back-pack
electronics carried by the camera operator. The encoded signals it
produces are suitable for direct broadcasting without further processing.
This technique reduces the possibility of noise pickup and cuts down
on color errors caused by multipath effects.
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Fig. 3-13. A portable color-TV camera. (Courtesy of
Philips Broadcast Equipment Corp.)

Fig. 3.14. Simplified diagram of Minicam system.

As shown in Fig. 3-14, the Minicam system includes the color camera,
back-pack electronics, a microwave radio link with a cable option, and a
base station. This system uses a digital control technique, similar to that
used by the Norelco PC-100 system, which permits radio control of all
functions from the base station located as far as 10 miles away, depen-
ding, on the transmission path. If terrain features interfere with wireless
communication, then the camera can be linked to its base station by a
triaxial cable. However, cable losses due to stray capacitance limit the
hookup to 1 mile between the camera and its base station. This system
offers unrestricted mobility in areas where cables are prohibitive.

Education, Medicine, and Industry Television cameras that are
designed specifically for education, medicine, and industry are typically
small, simple to set up and operate, and are much less expensive than
their studio counterparts. Mostly, they are operated by students or
other personnel who are not specifically trained or experienced in
television program production. Therefore, controls that must be set by
the operator are reduced to a minimum, and, in many cases, to only an
on-off power switch. Also, their method for mounting is determined
by the particular purpose for which the camera is designed. Simple
roll-around pedestals are often used for classroom or studio-type
operation, while photographic-type tripods and simple shelf-type
brackets serve in field or fixed applications.
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Figure 3-15 shows the RCA PK-730 color camera that is designed
primarily for educational, medical, and industrial uses. This camera
achieves full fidelity color reproduction with a single vidicon, in con-
junction with a special color-detecting optical filter and innovative
electronics. No revolving color wheels or other moving parts are used,
and all circuit components are completely solid-state. Also, a zoom
lens and a 5-inch viewfinder are included in the camera. It is 19-1/2
inches long, 8 inches wide, 13 inches high, and weighs less than 50
pounds. The operation of this camera is based upon the sequential,
rather than on the simultaneous color system.
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Fig. 3-15. The RCA PI.-730 single vidicon color
camera. (Courtesy of RCA.)

Fig. 3-16. A color-TV film system. (Courtesy of
RCA.)
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Fig. 3.17. Typical closed-circuit television systems.

Figure 3-16 shows a specially designed color television film system.
This completely self-contained system, the RCA PFS-710, includes a
camera designed specifically for film reproduction, a 16 millimeter film
projector, a slide projector, and a multiplexer. All of the units are
contained in a mobile cart that is 4 feet long and 2 feet deep. The
compatible NTSC signals are connected directly into the studio broad-
cast equipment through a cable.

3.8 CLOSED-CIRCUIT TELEVISION SYSTEMS

A closed circuit television system is a special application in which the
camera signals are made available only to specially designated receivers.
These systems, in recent years, have become an invaluable aid to
education, medicine, industry, aerospace, and oceanography. Even
entertainment television has found wide use in a closed circuit applica-
tion where the viewer pays a fee to receive the programs in his home.
Basically, these closed-circuit systems include one or more cameras
with their required controls, one or more receivers, and some sort of
transmission link between them.

The particular type of link used depends on the distance between the
two locations, the number and dispersion of the receivers, and the
mobility of either the camera or the receiver. In education, medicine,
oceanography, and most industrial applications, the cable prevails, but
in other industrial and all aerospace applications, the radio link is used
exclusively. Figure 3-17 is a simplified block diagram that shows both
types of links in typical applications.

In Fig. 3-17(A), the camera is shown connected through a cable
directly to the receiver. This is perhaps the simplest form of a closed-
circuit system and is used mainly for monitoring or surveillance in schools,
shopping centers, estates, factories, warehouses, and crucial industrial
installations. The camera used in this system is usually one of the simpler
types that features only an on-off power control. In most cases, it is
fixed mounted and requires no further attention. Its output signals,
though, can be either video-coupled from an output amplifier in the
camera, or an RF carrier onto which the video has been modulated.

The output signal determines the type of receiver that is connected
to the other end of the cable. Those cameras that produce video outputs
are connected directly to video circuits in the receiver: no tuner nor
RF circuits are required. This video output, however, cannot be applied
to the antenna terminals of a home-type television receiver, because the
video is not superimposed on an RF carrier. Of course, the home-type
receiver can be modified to provide terminals that connect into the
video circuits, or an RF carrier can be provided at the camera.

Since there is a large number of economical home-type television




receivers available for closed-circuit applications, many of the camera
manufacturers have included an RF oscillator in their closed-circuit
cameras to provide the necessary RF carrier. These oscillators, in many
cases, are present at the factory to operate at some particular frequency
to which the receiver can be tuned. A more versatile camera, though,
is one in which the RF oscillator can be tuned to several different
frequencies. In this way, a frequency that is not being used by a local
commercial broadcast station can be selected. These variable or selec-
table frequency oscillators normally cover Channels 2 through 6.
Separate camera control units and cable-driving amplifiers are seldom
used in the single-receiver, closed-circuit television system.

A multi-receiver, closed-circuit system is shown in Fig. 3-17(B).
These systems are used extensively in educational and training applica-
tions. They are particularly advantageous in medical schools where
many students can observe a delicate operation in which attendance
in the operating room is prohibitive. Also, a large group of students in
many classrooms can view specially prepared slides mounted in a
single microscope, motion pictures, or scientific experiments.

As shown in the figure, the multi-receiver, closed-circuit system
includes a camera, a camera control unit, and the cable-connected
receivers. The control unit in this system can vary from the simple
desk-top type to the complex unit that was discussed in a previous
section.

The wireless systems, as shown in Fig. 3-17(C), are used in most
paid-television systems and in some industrial applications where
cable links are either undesirable or impossible. These systems can
range in complexity from a single receiver, with or without camera
control, to the commercial broadcast-type facility that is used for
paid-television. Their main feature is the wireless link, which is usually
a microwave radio system. Even though the wireless link in Fig. 3-17(C)
is shown between the control unit and the receiver, this link could also
connect the control unit to the camera.

Figure 3-17(D) shows a closed-circuit television system in which the
camera is remotely controlled over a microwave radio link. This is a
versatile system that has been in use for a number of years in spacecraft,
and, recently, has been introduced in a closed-circuit application.
It is even being used in closed-circuit loops between the cameras and
control units of several commercial broadcast systems to televise
sports and news events. A typical system is the Norelco PCP-90 Minicam
that was discussed earlier, along with other special purpose cameras.
This system is noted for its computer-type digital circuits that are used
in both the camera and the control unit to accomplish full control of the
camera.
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REVIEW QUESTIONS

. How many different types of camera pickup tubes are in use ? Name them and explain the

differences between the types.

2. Can a monochrome-TV camera tube be used in a color camera?

0w 0 N oo

. Does the color Norelco TV camera have a separate lens system for each color? Draw a

simple diagram of a lens system for a color camera.

. Draw a diagram of a closed-circuit TV system in which a radio link is used. How many

receivers can be used in this system ?

. Explain how the video signal is derived in the vidicon.

. How is the video signal derived in the image orthicon ?

. What picture elements represent the minimum current in the output of an image orthicon ?
. Why must video amplifiers be used with a TV camera ?

. What is an electron multiplier ? Where is it used ?




TV Wave Propagation
and TV Antenna 4
Systems

4.1 INTRODUCTION

The antenna of a television receiver requires much more attention and
care, especially with regard to placement, than the antenna of the
ordinary sound receiver. In order to obtain a clear, well-formed image
on the cathode-ray screen, the following requirements must be met :

(1) Sufficient signal strength must be developed at the antenna.

(2) The signal must be received from one source, not several.

(3) The antenna must be placed well away from man-made sources

of interference.

In sound receivers, a certain amount of interference and distortion is
permissible. For television, however, the standards are more strict,
and added precautions must be taken to guard against many types of
interference and distortion. Hence, there is a need for more elaborate
antenna receiving systems.

The position of the antenna must be chosen carefully, not only to
provide the maximum signal strength to the receiver, but also to avoid
the appearance of so-called ghosts on the image screen. Ghosts are
multiple images that are due to the simultaneous reception of the same
signal from two or more directions. For an explanation of this form of
interference, refer to Fig. 4-1 which shows a television receiver antenna.

Direct Ruy Puth

Fig. 4-1. The reflected ray and the direct ray arrive
at the receiving antenna and form double images, or
ghosts.
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Fig. 4-2. A ghost image on a television viewing
screen.

receiving one signal directly from the transmitting tower, while another
ray strikes the same antenna after following a longer, indirect path.
Reflection from buildings, water towers, bridges, or other large objects
can cause an indirect ray to reach the antenna.

Because of the longer distance the reflected ray travels, it will arrive
at the receiver antenna a small fraction of a second later than the direct
ray. With sound receivers, the ear does not detect the difference in time
between the direct and indirect signals. However, on a television screen,
the scanning beam has traveled a short distance between the time the
original wave arrives to the time the reflected ray arrives at the receiver.
Hence, the image contained in the reflected ray appears on the screen
displaced a short distance from similar detail contained in the direct
ray. The result is shown in Fig. 4-2. When the effect is pronounced, a
more distinctdouble image is obtained, and the picture appears blurred. To
correct this condition, it is necessary to make changes in the antenna
system so that only one ray is received. This is usually accomplished by
using a highly directional antenna—that is, an antenna that will receive
a signal from only one direction. The directional antenna is turned so as
to eliminate the undesired signal. The antenna should not be turned to
favor the reflected signal, unless it is impossible to obtain a clear image
with the direct ray. The properties of reflecting surfaces change with
time, and there is no certainty that a good reflected signal will always
be received.

The placement of the antenna is one of the most important require-
ments of a television installation. To obtain optimum results, it is neces-
sary to have a good understanding of the behavior of radio waves at the
high frequencies.

4.2 RADIO-WAVE PROPAGATION

Transmitted radio waves at all frequencies may travel in either of two
general directions. One wave closely follows the surface of the Earth,
whereas the other travels upward at an angle which is dependent on the
position of the transmitting antenna. The former is known as the ground
wave, the latter as the sky wave. At the low frequencies, up to approx-
imately 1,500 kHz, the ground-wave attenuation is low, and signals
travel for long distances before they disappear. Above the broadcast
band, ground-wave attenuation increases rapidly, and long-distance
communication is carried on mostly by means of the sky wave.

The sky wave leaves the Earth at an angle that may have any value
from 3 to 90 degrees, and travels in almost a straight line until the
ionosphere is reached. This region, which begins about 70 miles above
the surface of the Earth, contains large concentrations of charged
gaseous ions, free electrons, and uncharged, or neutral, molecules. The
ions and free electrons act on all passing electromagnetic waves and
tend to bend these waves back to Earth. Whether the bending is com-
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plete (and the wave does return to the Earth) or only partial, depends
on several factors :

(1) The frequency of the radio wave.

(2) The angle at which the wave enters the ionosphere.

(3) The density of the charged particles (ions and electrons) in the

ionosphere at that particular moment.

(4) The thickness of the ionosphere at the time.

Extensive experiments indicate that, as the frequency of a wave in-
creases, a smaller entering angle is necessary in order for complete
bending to occur. To illustrate this, consider waves A and B in Fig. 4-3.

\
N

Wave A enters the ionosphere at a small angle ($) and, hence, little
bending is required to return it to Earth. Wave B, subject to the same
amount of bending does not return to Earth, because its initial entering
angle (8) was too great. Naturally, the latter wave would not be useful
for communicating between points on Earth.

By raising the frequency still higher, the maximum allowable incident
angle at the ionosphere becomes smaller, until finally a frequency is
reached where it becomes impossible to bend the wave back to Earth,
no matter what angle is used. For ordinary ionospheric conditions, this
frequency occurs at about 35 or 40 MHz. Above that frequency, the sky
wave cannot be used for radio communication between distant points
on Earth. Only the direct ray is of any use. Television bands starting
above 40 MHz fall into this category. By direct ray (or rays), we mean
the radio waves that travel in a straight line from transmitter to receiver.
Ordinarily, at lower frequencies, the radio waves are sent to the ionos-
phere and from there to the receiver at a distant point. At television
frequencies, the ionosphere is no longer useful, so the former sky waves
must be concentrated into a path leading directly to the receiver. It is

Fig. 4-3. Atthe higher frequencies aradio wave must
enter the ionosphere at small angles if it is to be re-
turned to Earth.
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this restriction on the use of the direct ray that limits the distance in
which high-frequency communication can take place.

There are present, at times, unusual conditions which cause the
concentrations of charged particles in the ionosphere to increase
sharply. At these times, it is possible to bend radio waves of frequencies
up to 60 MHz. The exact time and place of these phenomena cannot be
predicted and hence are of little value for commercial operation. They
do explain to some extent, however, the distant reception of high-
frequency signals that may occur.

4.3 LINE-OF-SIGHT DISTANCE

At the frequencies employed for television, reception is possible only
when the receiver antenna directly intercepts the signals as they travel
away from the transmitter. These electromagnetic waves travel in
essentially straight lines, and the problem is resolved by finding the
maximum distance from the transmitter where the receiver can be
placed and still have its antenna intercept the rays. This distance, called
the /ine-of-sight distance, may be computed as follows::

In Fig. 4-4, let the height of the transmitting antenna be called 4.,
the radius of the Earth R, and the distance from the top of the transmitting
antenna to the horizon d. These distances form a right triangle.

The Pythagorean Theorem in geometry states: The sum of the squares
of the sides of a right triangle equals the square of the hypotenuse.

Fig. 4-4. Computation of the line-of-sight distance ~ USING this relationship for the distances shown in Fig. 4-4 gives the
for high-frequency radio waves. resulting equation :

Transmitting
antenna _,

R2+d2 = (R+h,)?
By expanding:
R24d2=R2+2Rh,+ h,?

The value of h, is very small compared to R, so h,2 can be eliminated
from the equation without seriously affecting the accuracy. Also, A2 can
be subtracted from both sides of the equation. The equation then
becomes

d? =2Rh,

The radius of the Earth is 4,000 miles, or 21,120,000 feet. Substituting
this value into the equation, and taking the square root of both sides
gives

d = V42,240,000 h,
— 6499V h,
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Dividing by 5,280 to convert the distance to miles gives

d =1.23Vh,, where 4-1

dis the line-of-sight distance from the top of the
transmitting antenna in miles, and

h, is the height of the transmitting antenna in feet.

The relationship between d and A, for various values of A, is shown in
graph form in Fig. 4-5.

The ground coverage for any transmitting antenna will increase with
its height. Likewise, the number of receivers capable of receiving the
signals will increase. This fact accounts for the placement of television
antennas atop tall buildings (for example, the World Trade Center, New
York City) and on high plateaus.

Equation 4-1 can be used for computing the distance from the top of
the transmitting antenna to the horizon. By placing the receiving antenna
some distance in the air, it would be possible to cover a greater distance
before the curvature of the Earth interferes with the direct ray. This
condition is depicted in Fig. 4-6. By geometrical reasoning, the maxi-
mum line-of-sight distance between the two antennas can be arrived
at from the distances shown in Fig. 4-6.
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d, = 1.23Vh, = the maximum distance from the trans-
mitting antenna to the horizon.

d, —1.23Vh, —the maximum distance from the re-
ceiving antenna to the horizon.

d=d, +d, = the maximum distance from the trans-

mitting antennato the receiving antenna.
—1.23Vh, +1.23Vh,
d=1.23(Vh,+Vh,), where

h, is the height of the transmitting antenna in feet,

h, is the height of the receiving antenna in feet, and

d is the maximum line-of-sight distance between the
two in miles.
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Fig. 4-5. The relationship between the height of the
transmitting antenna in feet and the distance in miles
from the antenna that the ray may be received.

Fig. 4-6. The increase in the line-of-sight distance
from the receiving antenna to the transmitter achieved
by raising both structures as high as possible.
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Fig. 4-7. The reflected radio wave, arriving at the
receiving antenna after reflection from the Earth, may
lower the strength of the direct ray considerably.

The equations given are actually for the geometrical line of sight.
In reality, electromagnetic waves are bent slightly as they move across
the contact point at the horizon, and this increases the television line-
of-sight distance by about 15% over the geometric line of sight. Thus,
for a geometric line of sight of 30 miles, the television line-of-sight
distance is 30 4+ (0.15 x 30) = 34.5 miles.

It has been observed that the received signal strength increases with
the height of either antenna, or both. For television signals, this increase
is most important. Placement of the antenna and utilization of its direc-
tive properties help in decreasing (and many times in eliminating) al! but
the desired direct wave.

4.4 UNWANTED SIGNAL PATHS

While the foregoing computed distances apply to the direct ray, there
are other paths that waves may follow from the transmitting to the
receiving antennas. These waves are undesirable, because they tend to
distort and interfere with the direct-ray image on the screen. One
type of indirect wave, reflection from surrounding objects, has already
been discussed. Another type of indirect ray may arrive at the receiver
by reflection from the surface of the Earth. This path is shown in Fig.
4-7. At the point where the reflected ray strikes the Earth, phase reversals
up to 180 degrees have been found to occur. This phase shift places a
wave at the receiving antenna which generally acts against the direct
ray. The overall effect is a general lowering of the resultant-signal level
and the appearance of annoying ghost images.

There are, however, two compensating conditions that reduce the
problem of ground reflection. One is the weakening of the wave
strength by absorption at the point where it grazes the Earth, and the
other results from the added phase change caused by the fact that the
length of the path of the reflected ray is longer than that of the direct
ray. We see then, that there are two phase shifts affecting the reflected
signal: (1) one at the point of reflection from Earth, and (2) one that
is the result of the longer signa! path. These two phase shifts are additive,
so that the total phase shift is nearer to 360°. The worst possible phase
shift would be 180°, because this would mean that the direct and the
reflected waves are cancelling. Since 360° is equivalent to no phase
shift, the fact that the individual phase shifts are additive reduces the
problem of signal cancellation considerably. Of course, the direct wave
is stronger than the reflected wave, so the two signals would not com-
pletely cancel, but the reduction in signal strength could be detrimental
to the receiver picture quality.

4.5 WAVE POLARIZATION

The height of the antenna is one important factor that determines the
quality of the reproduced picture. Another is the manner in which the
antenna is held, that is, either vertically or horizontally. The position of
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the antenna is determined by the nature of the electromagnetic wave
itself.

All electromagnetic waves have their energy divided between an
electric field and a magnetic field. In free space these fields are at right
angles to each other. Thus, if we were to visualize these fields and
represent them by their lines of force, the wave front would appear as
illustrated in Fig. 4-8. The squares represent the wave front, and the
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arrows represent the direction in which the forces are acting. The direc-
tion of travel of these waves in free space is always at right angles to
both fields. As shown in the figure, if the lines of the electric field
are vertically directed upward and those of the magnetic tield are
horizontally directed to the right, then the wave travel is forward.

In radio, the polarity of a radio wave has been taken to be the same
as the direction of the e/ectric lines of force. Hence, a vertical antenna
radiates a vertical electric field (the lines of force are perpendicular to
the ground), and the wave is said to be vertically polarized. A horizontal
antenna radiates a horizontally-poiarized wave. In most cases, the
signal that is induced in the receiving antenna is greatest if this antenna
has the same polarization as the transmitting antenna.

There are different characteristics for horizontally- and vertically-
polarized waves. For antennas located close to the Earth, vertically-
polarized rays yield a better signal. When the receiving antenna is
raised about one wavelength above ground, this difference generally
disappears and either vertical or horizontal antennas may be employed.
When the antenna is at least several wavelengths above ground, the
horizontally-polarized waves give a more favorable signal-to-noise
ratio. In television, the wavelengths are short, and the antennas are
placed several wavelengths in the air. Horizontally-polarized waves
have been accepted as standard for the TV industry. All television re-
ceiving antennas are mounted in the horizontal position.

Fig. 4-8. The components of an electromagnetic
wave showing their relationship with the direction of
travel of the wave front.
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A IS THE SYMBOL
FOR WAVELENGTH
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Fig. 4-9. A dipole-antenna assembly used exten-
sively for television receivers.
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Fig. 4-10 (A). Dipole antennas of the type shown
here receive signals best from the directions indicated.

4.6 TUNED ANTENNAS

Television antennas are made of wires or rods that are cut to a specific
length. The particular length to which they are cut is the determining
factor of their resonant frequency. An antenna has inductance and
capacitance, and therefore it has a resonant frequency. Electromagnetic
waves induce voltage in the antenna. The more closely the resonant
frequency approaches the frequency of the electromagnetic wave, the
greater the signal voltage generated in the antenna. For example, a
50MHz wave will induce more voltage into an antenna that is resonant
at 50 MHz than in one that is resonant at 60 MHz. The greater the
signal induced in the antenna, the greater the signal-to-noise ratio that
is possible at the output of the receiver.

4.7 HALF-WAVELENGTH ANTENNAS

An ungrounded wire or rod which is cut to one-half the wavelength of
the signal to be received is called a half-wave antenna or sometimes a
Hertz antenna. This type of antenna is very popular since it represents
one of the smallest antennas for its frequency, and consequently
requires only a small amount of space. In troublesome areas it may be
necessary to erect more elaborate arrays possessing greater gain and
directivity than the simple half-wave antenna. They are, however, more
costly.

A simple half-wave antenna may be erected and supported as indicated
in Fig. 4-9. Two metallic rods are used for the antenna itself. They are
mounted on a supporting structure and placed in a horizontal position.
Each of the rods is one-quarter of a wavelength, the total of the two
rods being equal to the necessary half-wavelength. This arrangement
is called a dipole antenna. The transmission lead-in wires are connected
to the rods, one wire of the line to each rod. The two-wire line then
extends to the receiver. Care must be taken to fasten the line at several
points to the supporting mast with stand-off insulators, so that it does
not swing back and forth in the wind. Any such motion could weaken
the electrical connections made at the rods.

An important property of dipole antennas is that they receive signals
with the greatest intensity when the rods are at right angles to the
approaching signal. This arrangement is illustrated in Fig. 4-10(A). On
the other hand, signals approaching the antenna from either end are
very poorly received. To show how waves at any angle are received,
the graph of Fig. 4-10(B) is commonly drawn. It is an overall response
curve for a horizontally held dipole antenna in the horizontal plane.

With the placement of the antenna as shown in the diagram, a strong
signal will be received from direction A. As the signal angle made with
this point is increased, the strength of the received signal decreases,
until at point B (90 degrees) the received signal voltage is at a minimum
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(or zero). By inspection of the graph the reader can determine the recep-
tion for waves coming in at other angles. Notice that good signal strength
is obtained from two directions and, because of this, the dipole may be
called bidirectional. Other systems can be devised that are unidirectional
or nondirectional, or that have almost any desired properties. For each
system, a response curve quickly indicates its properties in any direction.

It has been stated that an antenna must be tuned in order to have the
strongest signal develop along its length. This is usually accomplished
by cutting the wires (or rods) to a specific length. The length is deter-
mined by the frequency of the signal to the receiver; it is longer at the
lower frequencies and shorter at the higher frequencies. It might be
supposed, then, that a television receiver capable of receiving signals
with frequencies ranging from 54 to 88 MHz would need several
antennas, one for every channel. It is not usually necessary, however,
to go to such extremes. In practice, one antenna is sufficient, if it is
tuned to a middle frequency.

4.8 ANTENNA-LENGTH COMPUTATIONS

For the range of frequencies between 54 and 88 MHz, a middle value of
65 MHz might be chosen for the resonant frequency value to be used
for the antenna design. While an antenna cut to this frequency will not
give optimum results at the other frequencies, the reception will still
be quite satisfactory in most cases.

Fig. 4-10 (B). The directional response curve of a
dipole antenna.
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Fig. 4-11. Dipole receiving antenna and reflector.

To compute the length needed for the 65-MHz frequency half-wave
antenna, the following formula is used:

46
L= —,8 where

L is the length of the dipole in feet and
f is the frequency that the dipole is resonant to in MHz.

When fis 65 MHz, the correct dipole length would be equal to 468/65, or
7.2 feet. Practically, 7 feet might be used with each half of the half-
wave dipole 3.5 feet long. For a full wavelength antenna, a length of
approximately 14 feet would be needed.

An added advantage to be considered for half-wave antennas is the
fact that their smaller physical size (compared with full-wave antennas)
makes it easier to construct them so that they will be able to withstand
high winds and the weight of ice or snow.

4.9 HALF-WAVE DIPOLE WITH REFLECTOR

The simple half-wave system provides satisfactory reception in many
locations within reasonable distances of the transmitter. However, the
signals reaching receivers situated in outlying areas are correspondingly
weaker, so noise and interference have a greater distorting effect on the
image. For these locations more elaborate arrays must be constructed
—systems that have greater gain and directivity to provide better dis-
crimination against interference. The gain of a receiving antenna is a
measure of its effectiveness in receiving a signal divided by the effec-
tiveness of a dipole in receiving the same signal at the same location.
It is usually expressed in decibels (db). An antenna with a positive db
will deliver a better signal to a receiver than a dipole would deliver. The
directivity of an antenna is a reference to its ability to receive signals from
one direction and reject signals from all other directions. Antennas with
high directivities are often used to eliminate or reduce ghost problems.
The gain of the antenna of Fig. 4-11 is about 5 db over the gain of a
simple dipole.

The antenna of Fig. 4-11 is a dipole with an additional rod called
a reflector. There is no electrical connection between the dipole—
sometimes called the driven element—and the reflector which is some-
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times called the parasitic element. The spacing between the two elements
is 0.15 to 0.25 wavelengths of the signal to which the dipole is resonant.
This is an important factor in the antenna operation.

Let us assume that a signal arrives in the direction shown by arrow A
in Fig. 4-11, and that the dipole is resonant to this frequency. The signal
will generate a voltage in the driven element, and it will also generate a
voltage in the reflector. Signal current flows in the reflector as a result,
and the signal is reradiated. Now, the reradiated signal from the reflector
also induces a signal voltage in the driven element. If the reflector is
properly spaced from the dipole, the reradiated signal will be in phase
with, and will reinforce, the original signal. The fact that the original
signal is reinforced by the reflected signal accounts for the gain of this
antenna over a simple dipole.

If a signal approaches from the direction marked 8 in Fig. 4-11, it
will be reradiated by the reflector as before. However, the reradiated
signal will now arrive at the driven element out of phase with the
original signal, and the overall result will be a strong decrease in the
received signal strength. You will note that in the case of signal A, the
time required for the wave to travel from the dipole to the reflector and
back to the dipole is longer than the time required for signal B and the
reradiated signal from the reflector to arrive at the dipole. This accounts
for the difference in phase between the original and reradiated wave
for the two different cases.

Besides the greater gain that is observed with the addition of a reflector
system, Fig. 4-12 shows that the angle at which a strong signal may
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Fig. 4-12. The directional response curve for a half-
wave antenna with a reflector.
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Fig. 4-13. A dipole with reflector and director.
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Fig. 4-14. A Yagi antenna with three directors and
one reflector.

be received is now narrower. This is also advantageous in reducing the
number of reflected rays that can produce ghosts. Finally, partial or
complete discrimination is possible against interference, man-made or
otherwise.

The curve in Fig. 4-12 is an idealized representation. The response
curve of an actual array would have small lobes extending in the direc-
tion of the reflector, which indicates that the reception of signals ap-
proaching the array from the rear can occur. This is understandable
because the waves do not arrive at the driven element exactly 180° out
of phase. The voltage induced in the driven element by the waves
approaching from the reflector side is much less than for waves arriving
from the front.

410 DIPOLES WITH REFLECTOR AND DIRECTOR

Additional gain and directivity can be obtained from an antenna if,
besides the reflector, a director element is added. A director is a wire
or rod that is approximately one-half wavelength. Like the reflector, it is
a parasitic element. Normally the reflector is slightly longer than the
driven element, and the director is slightly shorter. When the dipole is
placed broadside to the direction of the incoming signal, the director is
the first element of the combination to intercept the oncoming signal.
Figure 4-13 shows an antenna with a director and reflector. The arrow
points in the direction of greatest directivity. The director picks up part
of the signal and then reradiates it with a phase relationship that
strengthens the signal arriving at the driven element. The net result of
this action is to make the response of the dipole more directive, and to
reduce the ability of the array to pick up signals reaching the unit
from the rear. Some antennas have more than one director. The Yag/
type shown in Fig. 4-14 is an example. This type of antenna has a very
high gain and a highly-directional response. Some Yagi antennas may
have more directors than shown, which will increase the gain and
directivity. A disadvantage of the Yagi antenna is that it is only responsive
to a narrow range of frequencies. Therefore, it cannot be used as an
all-purpose antenna in areas where there are a number of stations.

411 UHF TELEVISION ANTENNAS

In its original allocation plan issued in 1946, the Federal Communica-
tions Commission set aside 12 channels for commercial television
broadcasting. At first 13 channels were allocated, but Channel 1
(44-50 MHz) was subsequently dropped. it did not take long to
demonstrate that this was far too few channels for extensive nationwide
coverage and, in 1952, an additional 70 channels in the UHF band
(470-890 MHz) were added.

The problems facing the television technician in the UHF band do
not differ in principle from those presently facing him in the VHF band.
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They do, however, differ in degree. Thus, he must still erect an antenna
system to capture as much signal as possible, except that the UHF
signals reaching the antenna are often weaker than the VHF signals.
Furthermore, the losses presented by the transmission lines are greater.

In order to send as much UHF signal to the receiver as possible, careful
erection of the antenna is necessary. This means that the technician
must not only have to find the best horizontal spot, but he must also
have to determine the best height. In the choice of antennas, he has a
considerable number of designs from which to pick, and, fortunately,
high-gain arrays are more feasible for the UHF signal because antenna
dimensions are smaller. A half-wave dipole at 550 MHz will have
roughly 1/10 the overall dimensions of a half-wave dipole at 55 MHz.
This means that more elements can be added to the UHF array without
causing it to become unwieldy. Since the gain of an antenna generally
rises with the number of elements, higher gain can be expected from
the UHF arrays. We will now discuss a few representative designs.

Fan Dipole (Also known as a bow tie or di-fan antenna.) The half-
wave dipole is the simplest type of VHF antenna, and also it is the
simplest UHF antenna. Figure 4-15 shows an example of a dipole
antenna with specially-shaped dipoles. By using triangular sheets of
metal instead of rods, the unit becomes a broadband affair capable of
receiving all those signals within the UHF band. The overall length of
the fan for greatest gain is slightly higher than that of a rod dipole.
The response pattern of a fan dipoleis a figure -8, unless a screen reflector
is placed behind the array as indicated in Fig. 4-16. In this case it
becomes unidirectional. Even with a reflector these antennas are not
highly directional, so they provide satisfactory reception only in strong
signal areas where there are relatively few ghost problems. For greater
gain, fan dipoles can be stacked two high and four high. This also
provides better discrimination against ground-reflected signals and
is useful in reducing the number of interfering signals capable of affec-
ting the picture on the receiver.

You will note that the di-fan reflector in Fig. 4-16 is a mesh screen
instead of a rod, as is customary for VHF signals. Screens are consider-
ably more efficient reflectors than rods, and the only reason screens are
not used extensively for VHF is because they would prove too bulky and
their wind resistance would be too great. Mesh screens are as effective
as solid metallic sheets, provided the mesh openings are on the order
of 0.2 of awavelength or less at the highest operating frequency. Reflector
dimensions are not critical, but the edges should extend a little beyond
the dipole elements.

Parabolic Reflector Probably everyone is familiar with the fact that
the headlights of a car have parabolic reflectors in order to provide a
high concentration of light. In much the same fashion, parabolic reflectors

Fig. 4-15. A UHF fan dipole.

Fig. 4-16. A fan dipole with a screen reflector.

61
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Fig. 4.17. A parabolic reflector. (Courtesy of Taco.)
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Fig. 4-18. A corner reflector for a UHF antenna.

are used to receive and transmit radio waves with a high gain and a sharp
directivity.

Instead of using an entire parabolic reflector, it is possible to use
only a section of one as shown in Fig. 4-17. Such a parabolic reflector
can provide a gain of 8 db over that of a resonant half-wave dipole.
The vertical directivity of this antenna structure is sharp, but the hori-
zontal directivity is somewhat broad. Where high gain is desired and
the ghost problem is not serious, this array will provide excellent
results.

Corner Reflectors Instead of using curved surfaces as reflectors,
it is possible to use two flat surfaces so positioned as to intersect at an
angle, forming a corner. This type of reflector, depicted in Fig. 4-18, is
known as a corner reflector antenna. The driven element, usually a
dipole antenna, is placed at the center of the corner angle and at some
distance from the vertex of the angle.

The response pattern of this antenna depends not only on the corner
angle but also on the distance between the antenna and the vertex of
the reflector corner. If the antenna is positioned too far from the vertex,
the response pattern will have several lobes. If it is brought in too close,
the vertical response will be broadened and the susceptibility of the
array to ground-reflected signals will increase. The corner angle in the
commercial array of Fig. 4-18 is 90 degrees, and a similar bend is placed
in the fan dipole. Gain over the entire UHF-TV band is high, ranging
from about 7 db at 500 MHz to 13 db at 900 MHz.

412 GENERAL-PURPOSE ANTENNAS

An antenna that has been widely used is the folded dipole illustrated in
Fig. 4-19(A). This antenna consists principally of two dipole antennas
connected in parallel with each other. The separation between the two
sections is from three to five inches. The folded dipole has the same bi-
directional pattern as shown for the simple dipole in Fig. 4-10(B).
The two antennas (dipole and folded dipole) have approximately the
same gain. However, the response of a folded dipole is more uniform
over a band of frequencies than that of the simple dipole.

As with a simple dipole, the directivity of the folded dipole can be
increased by the addition of a reflector. Figure 4-19(B) shows a folded
dipole with a reflector. This antenna possesses the same directional
pattern as the simple dipole with a reflector which was illustrated in
Fig. 4-12. The length and spacing of the reflector can be determined by
the same relationships as for a simple dipole and reflector. Figure 4-19(C)
shows the correct relationships for the length of the elements and the
spacing between elements for a folded dipole with a director and a
reflector.
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In the remaining parts of Fig. 4-19 other popular types of television
antennas are shown. These are elaborations of the basic dipole or
folded dipole. In Fig. 4-19(D) we see a stacked-dipole array with
reflectors. This antenna is sometimes referred to as a Lazy H because of
its similarity to the letter H lying on its side. In it, two half-wave dipoles
are placed at the front of the assembly, one mounted above the other.
The center terminals of each dipole are connected by means of a
parallel-wire line. Each conductor of the lead-in line to the television

Fig. 4.19. Types of popular television receiving an-
tennas.
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receiver is attached to a conductor of this connecting line at a point
midway between the dipoles. A reflector is mounted behind each
dipole.

In Fig. 4-19(E), there are two folded dipoles, with reflectors, mounted
one above the other. The upper dipole is cut for a resonant frequency ap-
proximately in the center of the upper VHF-TV band (174-216 MHz,)
and the longer folded dipole is resonated at the center frequency of the
lower television band. A short length of a two-wire conductor connects
the upper dipole to the lower one. From the lower antenna, a two-wire
conductor feeds the signals to the receiver. With this assembly, each
antenna can be oriented independently for best reception from stations
within -its band, thus providing the receiver with good coverage
on both bands. Figure 4-19(F) is essentially the same arrangement as
Fig. 4-19(E), except that the longer folded dipole acts as the reflector
for the shorter folded dipole. The two folded dipoles are connected in
the same manner as in the array in Fig. 4-19(E). However, the inde-
pendent orientation of each folded dipole is not possible in the array
of Fig. 4-19(F).

Figure 4-19(G) shows a type of antenna that is used extensively for
color TV signal reception. It is called a /og periodic, a name that will be
explained later in section 4.16. The characteristic that makes this
antenna so useful is its very wide bandwidth. In some versions the
elements are bent forward, and a UHF section is included in front of the
longer VHF section.

The array reproduced in Fig. 4-19(H) is one which has been used
extensively because of its ability to receive low and high VHF band
signals. The front elements are bent forward, while the rear elements,
the reflectors, generally extend straight out. The response pattern of the
antenna contains only one major lobe on all channels (see Fig. 4-12).
This is an improvement over the conventional dipole where an element
cut for the low frequencies will have a multi-lobed pattern on the high
channels, and an element cut for the high frequencies will have a poor
response on the low channels. With the conical antenna, one array
may be adequate for all VHF channels.

Conical antennas may come either singly or stacked two or four high.
The same is true of most other antennas.

413 COMBINATION ANTENNAS

In many parts of the country, both VHF and UHF stations are in operation.
For those areas, combination antennas serve to simplify the installation
problem. A number of combination VHF-UHF arrays are available, and
the ones pictured in Fig. 4.20 indicate their range.

The array in Fig. 4-20(A) consists of a low-band conical antenna for
VHF signals and a broadband fan dipole for UHF signals. A single lead-in
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line delivers signals to the receiver through the use of a special coupling
device which is mounted directly at the antenna itself.

V-Type arrays have appeared in a number of forms, of which the one
in Fig. 4-20(B) is typical. Such an antenna contains four rods : two at the
front and two at the rear. The two front rods may be considered the
directors ; the two rear rods are the driven elements supplying the signal
to the receiver via a two-wire line. However, unlike the other arrays con-
taining directors, the two front rods are electrically connected to the
two rear rods. The purpose of the connecting rods is twofold. First, the
rods serve as a transmission line to conduct to the two rear rods what-
ever signal is picked up by the two front rods. In addition, the two rear
rods also pick up that portion of the signal which passed over the front
rods and combine it with the energy received from the front rods via
the transmission line. Second, the connecting rods support both front
and rear rods and produce a mechanically sturdy array. It is characteristic
of these antennas that the longer each side of the V becomes as com-
pared to the wavelength of the operating frequency of the signal, the
narrower the angle between the.sides must be made for best gain and

Fig. 4-20. Examples of combination antennas.
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to obtain a single-lobe pattern. This means that for a low-band operation
the sides are spread out farther, generally until the included angle is 90
degrees. For a high-band operation, the sides are brought in closer,
generally to 60 degrees or even to 45 degrees. The best angle for a par-
ticular installation is determined at the time the antenna is erected. A
good compromise angle is 60 degrees for both VHF and UHF signals,
although if signals above 750 MHz are to be received, a smaller angle
may be necessary.

Another variation of the V-type array is shown in Fig. 4-20(C).
Stacking of the sections increases the gain about 2 db per additional
section and sharpens the vertical directivity. A special VHF-UHF
antenna for color reception is shown in Fig. 4-20(D). Note the corner
reflector section for UHF.

Any of the VHF antenna designs can be used for UHF. Of course, the
size of these antennas would have to be scaled down to the proper
dimensions, but other than that no other changes are required. Design
formulas remain unaltered. Because of the smaller dimensions of the
UHF antennas, the stacking of such antennas is more common than
with the VHF arrays. A four-bay array designed for reception at
60 MHz would be about 8 feet wide and 16 feet high. At 500 MHz, it
would be only 1 foot wide and 2 feet high, certainly a considerable
difference ! And since the more elements used in an array, the greater
the gain obtained from it, the trend toward more elaborate structures
is understandable.

4.14 FRINGE-AREA ANTENNAS

In fringe areas where the signal level is very low, high-gain antenna
arrays are needed. The gain of an antenna increases with the number of
elements it possesses, and therefore fringe-area arrays have many more
elements than the antennas used where the signal is strong. A gain of
about 10 db is easily obtained, and with some, the gain may reach
15db or more. Most high-gain combinations are sharply directional.
Such antennas must be carefully aimed, otherwise the captured signal
will be much lower than it should be. Figure 4-21 shows four high-gain
highly-directive antennas suitable for fringe-area reception.

Fringe Antenna Installation Hints After the antenna has been
chosen, a number of points should be kept in mind before installing it:

1. Itis usually true that the higher the antenna, the stronger the signal
received. This is not a/ways true, however, because there are heights
at which cancellation due to the ground-reflected wave will occur. It is
always a good idea to try changes in height in weak signal areas.

2. If possible, the antenna should be connected to its receiver before
the supports are fixed in place permanently.
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3. When more than one station is to be received, the final placement Fig. 4-21. Four representative high-gain af"t_enna
of the antenna must, of necessity, be a compromise. In extreme cases, ' designed specifically for weak-signal (fringe)
it may be desirable, or even necessary to erect several antennas.

4.15 INDOOR ANTENNAS

In strong signal areas it is sometimes feasible to use an indoor antenna
for signal reception, provided the receiver is sufficiently sensitive. These
antennas come in a variety of shapes, some of which are shown in
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(E) (F)

Fig. 4-22. Types of indoor TV antennas.

Fig. 4-22. The types shown in (A), (B), and (C) have selector switches
which can modify the response pattern and raise the resonant frequency
of the antenna so as to minimize interference and ghost signals. Generally,
the switch is rotated-(with the antenna connected to the receiver and
with a signal being received) until the most acceptable picture is
obtained on the screen. For all types shown, the dipole rods can be
adjusted in length and position for best reception. When not in use, the
rods can be telescoped.

In Fig. 4-22(E), the antenna is shown mounted directly on the back
of the receiver. Its swivel base permits it to be manipulated into the
correct position to capture the greatest amount of signal. When not in
use, the arms are telescoped inward and then turned down behind the
receiver cabinet as shown in Fig. 4-22(F).

416 COLOR-TELEVISION ANTENNAS

The requirements for color-television antennas are somewhat different
than for monochrome television antennas. The emphasis on mono-
chrome television has been in obtaining a high gain over a range of
frequencies. In some installations a single antenna is used for the lower
channels in the VHF range (2—6), and another antenna is used for the
higher channels in the VHF range (7-13). When a law was passed in
1964 that required all television-receiver manufacturers to include
UHF channels with every receiver sold, the use of these channels was
assured. This means a third antenna must be included with some VHF
antennas already discussed. The VHF antenna used for lower channels
may be cut to resonate at Channel 3 or Channel 4 ; the VHF antenna for
the upper VHF band may be cut to resonate at Channel 9; and, the UHF
antenna is usually cut to resonate at the frequency of the local UHF
station. Thus, with three antennas on the roof, the television reception
for monochrome receivers can be satisfactory.

Figure 4-23 shows three typical response curves for the three an-
tennas. You will note that the gain varies widely from one channel to
another, and also from one end of a channel to the other. Suppose that
in the lower VHF range the antenna is to be used for receiving Channels
3 and 5. An enlargement of the response curve of Fig. 4-23(A) is shown
in Fig. 4-24. The color carrier portion of the curve is seen to be over 2 db
below the video carrier portion in this illustration. While it is true that
the sound carrier portion is also lower than the video carrier, this will not
have any effect on the reproduced picture. The volume control and pic-
ture control of a receiver operate independently, so the viewer can com-

pensate for the reduced sound intensity by turning the volume of the
receiver to a higher point. However, the reduction in color carrier gain

cannot be compensated for, and this reduction can result in a poor color
picture quality. In fact, in color television it is desirable to have a total
gain variation of less than + or — one db over the complete video
channel. This accounts for the fact that when owners of monochrome
receivers purchase new color receivers, they are immediately faced
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with the problem of installing a new antenna—an antenna capable of
providing an even response and satisfactory gain for the channels to
be received. For this purpose, a relatively new class of " color antennas '
(more accurately called ““ broadband antennas ') has been developed.
The most popular type of broadband antenna is the /og periodic.
Figure 4-19(G) shows an example of this type of antenna. There is no
single style of antenna that can be referred to as the log periodic.
Instead, the term ** log periodic *’ refers to a wide variety of antennas that
have the same characteristics. In other words, two antennas may be
completely different .in appearance, but both may be log periodic an-
tennas.

The term log periodic does not, as is sometimes mistakenly supposed,
refer to the relative lengths of the elements or the relationship between
their distances. Instead, it refers to their electrical characteristics. If a
graph was made showing the antenna impedance against the /ogarithm
of the frequency, it would be a curve similar to the one shown in Fig.
4-25(A). Note that the maximum value of impedance on this curve
repeats itself periodically on the logarithmic scale, and hence the name
log periodic. This repetition is not only true for the impedance of a log
periodic antenna, but also for other electrical characteristics.

An important feature of log periodic antennas is the geometric relation-
ship between the spacing of the elements and the length of the elements.
Characteristically, these spacings and lengths vary in a geometric
progression which results in the antenna getting larger and larger as
the distance from a theoretical point—called the apex—increases. In
a similar manner, the length of the elements also increases which can
be demonstrated by the log periodic antenna shown in Fig. 4-25(B).
This particular type of log periodic is sometimes referred to as a dipole
array log periodic antenna because it consists of a number of dipoles
which vary in distances and lengths. The antenna is designed in such a
way that the distances between the dipoles and the length of the dipoles
are in a constant ratio to each other.

When a television station broadcasts a signal, and the log periodic
antenna is pointed in the direction necessary to receive this signal, it
can be shown that only one or two of the dipole elements in the antenna
will react to that frequency. All the other elements are inactive at that
particular frequency ; however, at some other frequency, they will become
active. In other words, for any particular frequency being received only
one or two of the log periodic elements are considered active.

4.17 TRANSMISSION LINES

The energy intercepted by the antenna’s driven element must be
delivered by a transmission line to the receiver with the least possible
loss. The receiver may be located a considerable distance from the
antenna, and since it is a conductor, it may act like an antenna, picking
up signals of its own. These signals may be electrical noise impulses
such as those generated by automobile ignition systems and machinery,
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or they may be video signals from the transmitter. In any event, they are
undesirable.

We will first discuss the types of transmission lines available, and
then later we will discuss the methods of installing the transmission
line so as to obtain minimum loss and minimum noise.

Types of Transmission Lines in VHF Although there are many dif-
ferent designs of transmission lines available, two general types are
used most extensively in television installations : the paralle/-wire types
and the concentric or coaxial cable types. From the standpoint of con-
venience and economy, it would be desirable to use only one antenna
that is capable of receiving all the VHF television stations. It should
have, therefore, a fairly uniform response of 54 to 216 MHz. We have
already shown that the log periodic antenna closely approaches this
requirement. A resonant dipole presents an impedance at its center of
about 73 ohms. To obtain the maximum transfer of power, the connecting
transmission line should match this value, that is, the impedance of the
transmission line should also be 73 ohms. When we attempt to use the
same dipole for a band of frequencies, we find that the 73-ohm dipole
impedance value is no longer valid. A dipole cut for 50 MHz presents a
73-ohm impedance at that frequency. At 100 MHz, the impedance has
risen to 2,000 ohms. It is clear that the best transmission-line impedance
would no longer be 73 ohms. A higher value is needed which will serve
as a compromise between the 73 ohms and the 2,000 ohms. It is desir-
able to use as high an impedance value as possible, because the line
loss is inversely proportional to the characteristic impedance. On the
other hand, such factors as the size of the line and the wire gage must
also be considered. It is a common practice to design the input circuit
of the television receiver to be used with either a 73-ohm or a 300-ohm
transmission line. It has been determined that a 300-ohm line used with
a half-wave dipole produces a broad-frequency response without too
great a loss due to mismatching, and satisfactory monochrome recep-
tion is achieved this way. A folded dipole has an impedance close to
300 ohms at its resonant frequency, and a much more uniform response
is obtained with this type of antenna.

The flat, parallel-wire transmission line shown in Fig. 4-26(A) is one
of the most popular transmission lines in use for VHF television today.
The wire are encased in a plastic ribbon of polyethylene which is strong,
flexible, and unaffected by sunlight, water, cold, acids, or alkalis. At
100 MHz, the line loss is on the order of 1.2 db per 100 feet of line.
Characteristic impedance ranges from 75 ohms to 300 ohms are obtain-
able. The line is balanced, which means that both wires possess the
same average potential with respect to ground. Itis, however, unshielded,
and therefore not recommended for use in extremely noisy locations.

A companion tubular twin-lead line pictured in Fig. 4-26(B), is also
available, which, while somewhat more expensive than the flat twin-
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(A) Parallel-wire line (unshielded)

(B) The 300-ohm tubular lead-in line

(C) Airlead %:ﬂ/‘//m
(D) Open-wire line

(E) Parallel-wire line (shielded) (F) Coaxial line

lead possesses the advantage of being less affected by adverse weather
conditions than the flat line. Rain, sleet, snow, etc., may not physically
affect the flat line, but electrically these serve to increase the signal loss
in the line. Thus, at 100 MHz, flat and tubular lines under dry conditions
possess equal attenuations of 1.2 db per 100 feet. When wet, however,
the loss on a flat line rises to 7.3 db per 100 feet, whereas that on a
tubular line is only 2.5 db per 100 feet. In strong signal areas this loss
might not be important, but it would be excessive in a weak signal
area.

A third type of parallel-wire line, known commercially as an airlead,
is shown in Fig. 4-26(C). It has 80 percent of the polyethylene webbing
removed, which is said to reduce the loss, or db attenuation per 100 feet,
by at least 50 percent. The line impedance is still 300 ohms.

The fourth parallel-wire line, the one in Fig. 4-26(D), is almost com-
pletely open, being held together by small polystyrene spacers placed
approximately six inches apart. The attenuation of this line is only in the
order of 0.35 db per 100 feet at 100 MHz; it is relatively unaffected by
changes in weather. The impedance of this line is 450 ohms.

A parallel-wire transmission line that is completely shielded is pic-
tured in Fig. 4-26(E). The two wires are enclosed in a dielectric, possibly
polyethylene, and the entire unit is shielded by a copper-braid covering.
As a protection against the elements, an outer rubber covering is used.
Grounding the copper braid converts it into an electrostatic shield which
prevents any stray interference from reaching either of the inner con-
ductors. Furthermore, the line is balanced with respect to ground. It can
be built with impedance values ranging from 50 ohms up, but a 225-ohm
line has found its greatest use in television installations. The attenuation
of this line is 3.4 db per 100 feet at 100 MHz, and this value is consider-
ably higher than the attenuation of any of the unshielded lines. Because
of this, and because of its greater cost, the shielded line is used only
where the surrounding noise is particularly severe.

Fig. 4-26. Types of popular transmission lines used
for FM and television istallations.
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Fig. 4-27. Methods of connecting lead-in wires to
the input coil of a receiver.

An example of coaxial, or concentric cable, is illustrated in Fig.
4-33(F). It contains an insulated center wire enclosed by a concentric
metallic covering which generally is a flexible copper braid. The inner
wire is kept in position by a solid dielectric that is chosen for its low-loss
properties. In some applications the signal carried by the coaxial line is
confined to the inner conductor, with the outer copper-braid conductor
grounded so as to serve as a shield against stray electromagnetic fields.
This arrangement causes the line to be unbalanced with respect to
ground, and the input circuit of the receiver must be connected accord-
ingly. Coaxial cables are available in a range of impedances from 10 to
150 ohms.

At the receiver, the connections for balanced and unbalanced lines
differ, as shown in Fig. 4-27. For a balanced line, the input cail is center-
tapped and grounded at this center terminal. Stray fields, cutting across
both wires of a balanced line, induce equal voltages in each line. The
similar currents that flow because of the induced voltages are travelling
in the same direction on the two conductors of the line and neutralize
each other. Many receivers are made so that a simple change in the
input circuit, such as removing or adding a jumper, changes the input
impedance to the desired value. Special transformers, called baluns, are
available for connecting balanced lines to unbalanced lines.

The open-wire line has, by far, the lowest attenuation and, thus, is
frequently used for fringe-area installations. Its characteristic impedance
is 450 ohms, and this high value may sometimes require a matching
network between the line and the usual 300-ohm receiver-input
impedance. That is does not always do so stems from the fact that
receiver impedances may vary considerably from their stated value of
300 ohms. The 300-ohm line is the one which is most extensively
employed in VHF because it is economical, it matches receiver input
impedances directly, and its attenuation is low. However, in areas where
the surrounding noise is high, use of the unshielded open-wire or 300-
ohm lines becomes impractical and one of the coaxial cables must be
employed.

Types of Transmission Lines in UHF With an increase in fre-
quency, line db attenuation also rises. Thus, at 500 MHz the open-wire
loss for 100 feet mounts to 0.78 db, the 300-ohm line loss becomes
3.2 db, RG-11U attenuation increases to 5.0 db, and RG-59U loss
reaches the rather high figure of 9.4 db. Comparative figures at 100
MHz, and 1,000 MHz are given in Table 4-1, and it can well be under-
stood why the amount of line needed should be figured closely in
order that no more than absolutely necessary is used.

An interesting sidelight on line attenuation is the rapid rise in this
value in unshielded lines when they become wet. The 300-ohm flat line
appears to be most vulnerable, jumping from a value of 3.2 db (at 500
MHz) when the line is dry to 20.0 db when it becomes wet. What this
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TABLE 4-1 Transmission line loss (db loss per 100 ft).

100 MHz 500 MHz 1000 MHz
Type of Line Wet Dry Wet Dry Wet Dry
450-0hm open-wire? — 0.35 e 0.78 — 11
300-ohm flat 7.3 1.2 20.0 3.2 30.0 5.0
300-ohm tubular 2.5 1.1 6.8 3.0 10.0 4.6
RG-11U — 1.8 — 5.0 — 7.6
RG-59U — 38 — 9.4 — 14.2

* Estimated dry values—unknown for wet conditions.

rise will do even to a strong signal is quite obvious. This is an important
thing to keep in mind when installing an antenna. The transmission line
should not lie on the roof where it can become buried in accumulations
of ice, snow, and water. Also, the line should not have long horizontal
runs exposed to the elements that would permit a buildup of ice or
moisture. Keep the line away from gutters, pipes, or other metal objects
as much as possible. Avoid sharp bends in the line. If a bend must be
made, have it occur gradually. Finally, secure the line tightly by means
of stand-off insulators, so that it does not sway in the wind or otherwise
alter its position. It is important to observe these precautions in both
VHF and UHF installations.

The 300-ohm tubular line is considerably less affected by moisture,
and hence would be more desirable for some installation purposes. No
data are available on the attenuation increase in wet open-wire lines,
although it is not considered to be appreciable. Shielded cables, such as
the RG-11U and RG-59U are practically unaffected by inclement
weather.

Impedance matching at the antenna and, more importantly, at the
receiver will require careful attention in UHF installations. Mismatching
at the receiver results in energy being reflected back along the line with
the resultant standing waves. It has been found that the attenuation of a
line may be increased by as much as 2 db over its normal rating when
standing waves are present. In strong signal locations the additional
loss may not be serious, but in moderate and weak signal areas it can
mean the difference between usable and unusable television.

418 MULTIPLE-SET COUPLERS

It is not unusual to find homes and apartments that have more than one
television set. It is desirable to use the signal provided by one antenna
array for all of these receivers. This can be accomplished with multiple-
set couplers of the type indicated in Fig. 4-28. The lead-in from the
antenna is connected to the input terminals of the coupler; the signal

Fig. 4-28. A four-set coupler which enables one
antenna to supply a television signal to four receivers.
(Courtesy of Brach Manufacturing Co.)




TELEVISION SIMPLIFIED

Fig. 4-29. An example of 8 MATV system.

is then split into two, three, or four parts according to the design of the
unit. Each receiver is then connected to an appropriate set of input
terminals.

By this method, each set will receive less signal than it would receive
if it were connected directly and solely to the antenna. However, in
medium and strong signal areas, enough signal power is available to
provide completely satisfactory signals for each receiver. In weak signal
areas, separate antennas may be required, or a Master Antenna Dis-
tribution System—often called a MATV system—may be used. The
initials MATV stand for Master Antenna for 7V. MATV systems
employ special high-frequency preamplifiers. This latter method is more
expensive, but it can provide signals to an almost unlimited number
of receivers.

419 MASTER ANTENNA DISTRIBUTION SYSTEMS

When a large number of sets are to be operated from a single antenna
system, a master antenna television (MATV) system is used. Figure
4-29 illustrates a typical MATV system. It is comprised of three main
sections :

(1) The antenna system(s).

(2) The signal processing system.

(3) The signal distribution system.

The Antenna System The problems encountered in mounting an
antenna for an MATV system are similar to problems for other antenna
systems. One significant difference is that a lower gain can be tolerated
in favor of a greater bandwidth in an MATV installation. This is because
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an amplifier system is used in the signal processing section of the system.
In some cases, when the signal amplitude is very low, a preamplifier
may be mounted on the mast near the antenna terminals.

Coaxial cable is used almost exclusively in MATV systems because of
its ability to reject noise signals, and also because it does not reradiate
signals. If twin lead (balanced line) is used for the connection to the
driven element, it must be converted to an unbalanced line. A special
transformer, called a balun, is used for this purpose. The antenna lead-in
may also contain traps or filters for eliminating interference at certain
frequencies.

If a broadband antenna is used, it is conceivable that one channel
may be very much stronger than the others. In such cases a tuned-
circuit attenuator may be needed to reduce the strong signal, so that all
frequencies presented to the receiver will be of the same strength.

Signal Processing The antenna and the signal processing sections
of the MATV system are together referred to as the head end. The signal
processing section combines the signals from each antenna system
and amplifies them for distribution to the receivers. Figure 4-29 indicates
the position of the mixer and the amplifier in the MATV system.

Distribution System In the distribution system shown for Fig. 4-29,
the output of the amplifier and the mixer stage is delivered to a splitter
which is like the two-set coupler previously discussed. Although thereis a
certain amount of loss in all such couplers, the signal from the amplifier
is strong enough to overcome this loss. The output of the splitter is
divided into two feeder lines. Each feeder contains a number of “ taps.”
These taps may be located in different rooms in a house or different
suites in an apartment building.

4.20 COMMUNITY ANTENNA TELEVISION SYSTEMS

Very often there are locations within the line-of-sight distance from the
transmitter, where the television signal cannot be received because of
the hilly terrain. Figure 4-30(A) shows such a situation. The houses in
the valley cannot receive the line-of-sight television signal. This is the
type of situation that leads to a community antenna television system
(CATV) (see Fig. 4-30(B)). It consists of a receiving antenna which is
mounted on the hill and a signal processing system which is similar to
the ones used in the MATV system. As in the MATV systems, the antenna
and the signal processing section together are called the head end of the
system. The television signal is delivered to the town via a large coaxial
cable. In the town, tap-off points are used for each house that desires
reception. The houses that are connected to the system pay a monthly
fee.

Not only does the CATV system find applications where the tele-
vision signal reception is normally very poor, but it is also used in loca-
tions where the viewer is usually limited to one or two channels. CATV

Fig. 4-30 (A). A situation where CATV is needed.
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Fig. 4-30 (B). How a CATV system delivers the
signal to the community.
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Fig. 4-31. Use of microwaves in a CATV system.

systems with elaborate antennas and signal processing equipment can
pick up very distant stations and deliver them to the customer, thereby
increasing the number of channels from which he can choose.

In some cases, microwave links are used to transport a signal from
one point to another more distant one. Suppose a local UHF station is
at point a in Fig. 4-31, and it is desired to receive this signal at point b
over 30 miles away. The signal coul/d be transported via coaxial cable,
but a less expensive system is illustrated in Fig. 4-31. The first step is to
convert the signal to a microwave frequency. This microwave signal
is then transmitted from point a to point b. Repeaters are used to receive
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and re-transmit the signal at points along the way. At point b the signal
is converted from microwave back to a UHF signal and delivered to the
head end of the CATV system. In addition to saving miles of coaxial
cable (and therefore reducing the cost), this system has the advantage
of making use of the relatively uncrowded microwave band.

4.21 TROUBLESHOOTING ANTENNA SYSTEMS

Since the antenna is exposed to rain, snow, wind, and smog, it can be
expected to deteriorate over a period of time. It is important for you to
know the symptoms of a defective antenna. Obviously, if there is insuf-
ficient signa!l delivered to the receiver by a poor antenna system, no
amount of work on the set will cure the trouble. A good technician will
carefully observe the antenna system when he first arrives at a house
where he is making a service call. Before he enters the house he will
know whether or not: (1) The antenna has been damaged in high
winds. (2) The antenna is oriented (pointed) in the right direction. (3)
The transmission line is securely in place. Any of these factors can cause
insufficient signal strength at the receiver.

Unshielded transmission line can become short circuited even though
nothing is touching the wires. You can demonstrate this by wrapping a
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piece of metal foil around the line and moving it with your hand. In most
cases you will notice that the picture is affected even though the foil is
isolated from the wires. House painters sometimes get paint on an
unshielded line. If the paint has a lead base, as many of them do, the
paint can effectively short-circuit the line. (You can think of the paint as
being a capacitive coupling between the lines which is the same as a
short circuit.) Always inspect the transmission line in both new and
old installations. Unshielded line should not be run close to rain gutters,
aluminum siding, conduit, water pipes, furnace ducts, etc. All of these
things can seriously affect the picture quality.

Inspecting Older Antenna Installations. If the antenna has been in
service for some time, there are a number of features that should be
inspected. Again, we will mention these as a checkoff list. An experi-
enced technician will train himself to look for these things in a quick
glance.

1. Note the orientation of the antenna. Strong winds can change the
antenna’s direction. Make a quick comparison of the direction in which
the antennas in the neighborhood are pointing to see if the antenna is
properly oriented.

2. Check the transmission line. Make sure it is fastened at the antenna,
and there are no visible breaks. Make sure it has not been painted, and
that it has not come loose from its fastenings. Watch for a fluttering
transmission line. It may be a source of trouble.

3. If the customer has recently switched from a monochrome receiver
to a color receiver, his old antenna may not be adequate for the job.
The only solution here is to replace the old antenna.

4. White flashes in the picture—usually accompanied by static in the
sound—are an indication that there is an intermittent break in the
transmission line. The break may not be visible.

5. The ground connections for the mast and lightning arresters should
be checked. Improper grounding will not affect the picture, but it repre-
sents a serious electric storm hazard.

6. Excessive snow in the picture, or a very weak picture, indicates
that the antenna lead may be open or disconnected. Of course, the
trouble cou/d be in the receiver. A small portable receiver, which is
known to be in operating condition, is useful for checking the signal
from the antenna. If the portable can produce a satisfactory picture
when connected to the antenna, but the customer’s receiver cannot,
then the trouble is in the customer’s receiver rather than in the antenna.
If a satisfactory picture cannot be obtained on the portable, then the
antenna should be suspected. A field strength meter is useful if a large
amount of antenna work is to be performed, especially if you are going
to work on MATV and CATV systems.
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REVIEW QUESTIONS

—_

. Explain the causes of ghosts on a TV receiver picture.

. What factors determine whether or not a sky wave will be returned to Earth from the
ionosphere ?

. What is the maximum line-of-sight distance between a transmitting antenna that is 900
feet above ground and a receiving antenna that is 144 feet above ground ? {(Assume that
the terrain is flat and the bases of both antennas are the same altitude above sea level.)

. The so-called line-of-sight transmission of television signals is greater than the calculated
line-of-sight range. Why is this so ? By how much is the transmission distance increased ?

. What is the length of a dipole antenna cut to resonate with the video-carrier frequency of
Channel 497 (The video-carrier frequency of Channel 49 is 681.25 MHz.)

6. Name two kinds of parasitic elements used with Yagi antennas.

7. What property of a log periodic antenna makes it useful for color television reception ?

8. A certain signal induces 100 microwatts of power in a standard dipole antenna, and 1000

12.
13.
14.

microwatts of power in a Yagi antenna. What is the gain of the Yagi antenna in db?

. At what point(s) on a half-wave antenna will maximum impedance be found ?
10.
11.

What is an unbslanced transmission line ?

What is the name of the transformer used to connect a balanced transmission line to an
unbalanced transmission line ?

What constitutes an MATV system ?
Why is an attenuator sometimes used in an MATV system ?

Why is a microwave transmission system sometimes used as part of a CATV system?




Wide-Band Tuning
Circuits and RF
Amplifiers

5.1 INTRODUCTION

The television signal occupies a 6-MHz bandwidth in the radio spectrum,
a range far greater than anything we have to receive with the ordinary
radio set. The problem must be met at the television receiver in the RF
and mixer stages. The response of the tuned receiving circuit should be
uniform throughout the 6-MHz band and yet be selective enough to
discriminate against unwanted image frequencies or stations on
adjacent bands. Before the circuits of the RF and mixer stages are
considered, it will be helpful to discuss wide-band tuning circuits.

5.2 ORDINARY TUNING CIRCUITS

A single coil and capacitor, connected as shown in Fig. 5-1(A), form a
parallel tuning circuit. At or near the resonant frequency, the variation
of impedance which this combination presents is given by the graph
of Fig. 5-1(B). At frequencies below the resonant frequency, the
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.8-1. Aparallel tuning circuit and response curve,
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RESONANT FREQUENCY
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Fig. 5-2. The variation in the response curve with

different values of Q.

I

Y

Fig. 5-3. A common form of transformer-coupled

tuning circuit used in receivers.
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parallel combination acts as an inductance with a lagging current, and
impedance here drops off quite rapidly to a fairly low value. Above
resonance, the effect is capacitive with a leading current. Again, the
impedance decreases quite rapidly. At the resonant point, capacitive
and inductance reactances cancel each other, the impedance becoming
high and wholly resistive.

While Fig. 5-1(B) shows the general shape of the resonant curve,
more specific information is necessary. Hence, in Fig. 5-2 several resonant
curves have been drawn, each for a circuit having a difference value
of Q. The ratio of inductive reactance to coil resistance, Q, may be
taken to indicate two things:

1. The sharpness of the resonant curve in the region about the
resonant frequency. This, of course, is the selectivity of the tuning circuit.

2. The amount of voltage that will be developed by the incoming
signal across the resonant circuit at resonance.

For any given circuit, the greater its Q value, the more selective the
response of the circuit, and the greater the voltage developed. While
these factors may be highly desirable, they are useful only if they do not
interfere with the reception of radio signals. At the broadcast frequencies,
each station occupies a bandwidth of 10 kHz. Within this region, uniform
response is desirable. However, the sharply peaked curve of Fig. 5-1(B)
does not produce equal response at all points within this region. The
portion of the signal exactly at the resonant frequency, for example,
would develop a greater voltage across the resonant circuit than those
frequencies at the outer fringe, plus and minus 5 kHz away. A coil and
capacitor combination having a lower Q would give a more uniform
response and might be chosen over one with a higher value of Q. Less
voltage would result from this change, but, with the advent of high-gain
tubes, amplification is not too serious a problem. The emphasis now
can be shifted to fidelity, which is also especially necessary for the
reproduction of images in television receivers.

5.3 TRANSFORMER COUPLING

Whereas the simple circuit already described is sometimes used by
itself for tuning, a more usual combination is the untuned primary coil
inductively coupled to a tuned secondary coil (see Fig. 5-3). With this
form of coupling, additional gain may result by having more turnsin the
secondary than in the primary coil. The stepped-up voltage applied to
the grid of the next stage is larger than that obtained with only the single
coil and capacitor by a value dependent upon the design of the coils.

The shape of the response curve of the primary circuit depends to a
great extent upon the degree of coupling between the coils. When the
coefficient of coupling & is low (/.e., when the coils are relatively far
apart), the interaction between the coils is small. The secondary response
curve will retain the shape shown in Fig. 5-1(B).
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As the coupling coefficient k is increased, the secondary circuit
reflects a larger impedance into the primary. The primary current is
affected more by variations in the tuning of the secondary capacitor.
This, in turn, changes the number of flux lines which cut across the
secondary coil, and the end result is a gradual broadening of both primary
and secondary response curves. With very close coupling, the secondary
response curve may continue to broaden and even develop a slight
dip at the center. The dip, however, will never become too pronounced.
It must be remembered that the discussion, so far, has dealt with
coupled circuits where the primary is untuned. Hence, no matter how
close a coupling is effected, the secondary will retain essentially the
same curve shape given in Fig. 5-1(B).

On the other hand, with two tuned circuits coupled together, such
as IF transformers, the effect of each circuit on the other becomes more
pronounced. With close coupling, the familiar double-humped curve
of Fig. 5-4 is obtained. The closer the coupling, the broader the curve and
the greater the dip at the center.
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For television reception, none of these combinations provides the
necessary uniform bandwidth. Loose coupling produces a curve that is
too sharp and lacking in consistency over its range. Tight coupling tends
to decrease the voltage of the frequencies near resonance because of the
dip. Between these two extremes, we may obtain a semblance of
uniform response about the center point of the curve, but never for a
6-MHz spread. However, if a low-valued resistor is shunted across the
coil and capacitor, we can artificially flatten the curve to receive the
necessary 6 MHz. The extent of the flat portion of the response curve
will depend inversely on the value of the shunting resistor. The higher
the resistor, the smaller the width of the uniform section of the curve.
Hence, what we could not accomplish with a coil or a capacitor, we
can do with a combination of these two with resistance.

Fig. 5-4. Close coupling between two tuning circuits
produces this type of response curve.
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Fig. 5-5. An actual schematic and the electrical
equivalent of an amplifier stage.

One of the undesirable results of increasing the width of a response
curve by the resistor method is the lowered Q that is obtained. As the
value of Q decreases, the voltage developed across the tuned circuit
becomes smaller for the same input. An inevitable reduction in output
results. There are many ways of combining the tuned circuits and loading
resistors to achieve the optimum gain and selectivity. Several of the
more widely used circuits will be discussed in the section on RF
amplifiers.

5.4 SPECIAL TUBES FOR TELEVISION RECEIVERS

A number of special tubes have been developed for the RF-ampfifier
stage in television receivers. These include pentodes, tetrodes, and
triodes. All are of the miniature variety, and are used not only to achieve
compactness in the tuner, but also because in a miniature tube, inter-
electrode capacitance is smaller and the connecting leads between the
elements and the base pins are shorter. The latter introduces less in-
ductance into the circuit, a factor which is particularly desirable since
the inductance in the tuning network, itself, is small.

Pentodes From the standpoint of gain from a single tube, pentodes
offer the best solution, and a number of them have been developed and
extensively employed. When these pentodes are used, it is the usual
practice to shunt resistors having values between 1,500 and 10,000
ohms across the tuning circuit to attain the necessary bandwidth.
(The pentode, itself, is not very helpful in this respect, because it pos-
sesses a high internal resistance.) Because of the shunting resistor,
however, stage gain is not very high: it is generally on the order of
20 to 25. The reason for this can be seen from the following.

A tuning circuit, when connected in the output of a tube, is essentially
in series with the plate resistance of the tube. This is illustrated in Fig. 5-5,
where the actual schematic and its electrical equivalent are shown.
At resonance, the resistance of the tuning circuit itself may be high, but
due to the low-shunting resistor, the total value of the combination
becomes low. The plate resistance, on the other hand, is very high (in
pentodes), and most of the output voltage is lost in the tube. Only a
small portion of the total voltage appears across the tuning circuif to be
transferred to the next stage.

Mathematically, the gain of the pentode stage can be expressed
closely by the relation:

Gain=g,, X Z, , where
g» = mutual conductance of the tube, in mhos 5-1
Z, = load impedance in output circuit, in ohms.
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For a certain tube, g,, is 5,000 micromhos. With a plate load impedance
of 2,000 ohms, we obtain

5,000
1,000,000

=10

Gain = %X 2,000

The 5,000 is divided by 1,000,000 to convert it from micromhos to mhos.

To obtain more amplification per stage, the mutual conductance of
the tube must be increased. The mutual conductance of the tube, g, , it
will be recalled, represents the change in plate current caused by a
change in grid voltage. To effect an increase in this ratio, tubes were
designed in which the grid possesses greater control over the space
charge near the cathode. This was done by moving the grid closer to the
cathode. Although the change caused an increase in grid-to-cathode
capacitance, it increased the mutual conductance even more. This
design is exemplified in the 6JC6 and 6JD6.

As an example, the 6JC6 has a mutual conductance of 15,000, and
the 6JD6 has a g,, of 16,000. Compare these values with older RF and IF
pentode voltage amplifiers, for instance, the 6SK7, 6D6, 6S7, and the
6SJ7, which have mutual conductances of 2,000, 1,200, 1,750, and
1,600 micromhos, respectively. If the gain of the stage is computed and
these values of mutual conductance are used, a voltage amplification
much less than 10 is obtained.

Triodes The ability of a receiver to amplify a signal is governed not
only by the amplification obtained from the tubes, but also by the noise
generated in the tubes and in the associated receiver networks. Further-
more, the noise that is developed by the first stage, the RF amplifier, is
actually the most important because at this point in the system the level
of the incoming signal is more nearly on a par with the noise level than
it is at any other point in the receiver. Once the signal becomes much
larger than the noise, it can easily override the noise and hence mask
its presence. Whatever noise voltage appears at the grid of the RF
amplifier is amplified together with the signal. To obtain a picture as
free of noise spots as possible, we need to have as much signal and as
little noise as we are able at the front end of the set.

The best choice for a low-noise tube is a triode RF amplifier. This is
because noise originating in a tube varies directly with the number of
positive elements within that tube, and a triode has fewer such elements
than a pentode. Hence, a triode is more desirable from a noise standpoint
than a pentode. It is for this reason that high-frequency triodes have
been employed in the RF amplifier.

A triode normally provides less gain than a well-constructed high-
frequency pentode. As a result of this, special dual triodes have been
developed for use in a circuit known as a cascode amplifier, in which the
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Fig. 5-6. An internal view and the schematic symbol
of a 6ERS5 RF triode.

two triodes are connected in a series. In this arrangement they are capable
of providing about as much gain as a pentode. This enables the designer
to achieve the desired amplification at a lower noise level. Cascode
amplifiers will be discussed at length presently.

A significant change has taken place in high-frequency triode
construction. In an effort to achieve higher efficiency and reduced
plate-to-grid capacity, extra elements called grid-guides, or shield
plates, have been inserted in the region between the grid and the plate.
An internal view of the 6ER5, a tube of this group, is pictured in
Fig. 5-6. The grid guides are U-shaped plates which surround the sides
of the grid. By grounding the plates, a shield is inserted between the
anode and the grid, reducing the capacity between these elements.
In addition, the ele