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Preface

Television Simplified has been completely revised for its sixth edition.
The important advances which have occurred in television receivers since
the publication of the fifth edition (1955) have been incorporated in the
present volume. In addition to a thorough updating of the various circuits
and components that are normally found in television sets, a new chapter
on Remote Control Systems has been added. These devices are the most
significant recent advance that has occurred in television, and their exten-
sive use makes it imperative that the reader be familiar with them.

The presentation in this sixth edition follows the pattern established
in previous editions. Little is assumed beyond an elementary knowledge
of the operation of home sound receivers, and upon this knowledge is built
an understanding of the modern television receiver with its highly integrated
synchronizing circuits. Chapter 1 presents an outline of the various stages
that combine to form a television system. It attempts to answer those per-
tinent questions which always arise when any subject is first investigated
and which, if left unanswered, soon begin to interfere with the smooth ac-
cumulation of subsequent information. With each succeeding chapter a
different section of the television receiver is discussed, starting at the input
end of the set and traveling along the same path as the incoming signal.
The function of every part, both within its stage and within the receiver
as a whole, is carefully noted.

Illustrations are extensively employed, and in nearly all circuit dia-
grams representative parts values are included. These values enable the
reader to develop a “feel” for the type of component and its size which
may be expected in various sections of the receiver. The author believes
that this ability is necessary if the reader is to possess more than a super-
ficial understanding of the subject.

While most of the emphasis in the book is necessarily devoted to circuit
operation, receiver servicing has not been overlooked. In Chapter 16 a step-
by-step approach to the isolation of defects in a television receiver is
detailed, complete with symptomatic illustrations of the most common
troubles. The use of appropriate test instruments is also covered.
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vi PREFACE

A set of questions is included at the end of each chapter for those who
wish to gauge their progress through the book. The questions are straight-
forward and are drawn wholly from the text material.

No book represents the sole effort of one person. Grateful acknowledg-
ment is due to the Radio Corporation of America; the General Electric
Company; the Zenith Corporation; Howard W. Sams & Co., Inc.; Central
Television Service, Chicago, Illinois; and Motorola, Inc., for their generous
aid in furnishing illustrations and data that were essential in the prepara-
tion of the book.

Mivton S. Kiver
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CHAPTER ‘I

The Television Field

Introduction. Television, the science of transmitting rapidly changing
images from one place to another by electromagnetic waves, is today as
significant a factor in home entertainment as the radio broadcast.

This change in media has brought with it a corresponding change in the
operating techniques of the service technician. Because of the considerably
greater complexity of the television receiver, a whole new array of test
equipment and of servicing methods has evolved. These have not supplanted
the instruments and service techniques employed with broadcast- radio
receivers since much of what is done to a radio receiver to isolate a defect
can be applied as well to television receivers. Rather, these basic service
methods have been expanded to encompass the newer circuits which tele-
vision receivers possess and which have no counterpart in radio. This situa-
tion has led to a natural upgrading in the knowledge and skill of the service
technician, and a corresponding increase in his financial earning power.
Thus, television is more enjoyable to the user and more profitable to the
serviceman.

Television receivers are housed in large console cabinets, in table-model
enclosures, Fig. 1-1, or in cases small enough to be carried from place
to place. All contain practically the same circuits. The larger models gen-
erally possess a somewhat greater number of tubes and, perhaps, an addi-
tional speaker or two. Picture-tube screens range from 8 to 10 inches for 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 too bulky and 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.

Controlwise, television receivers are only slightly more complex than

1




2 TELEVISION SIMPLIFIED

-

Courtesy Motorola

Fig. 1-1. A table-model television receiver. A 21-inch screen is employed.

radio-broadeast sets. For the sound section of the television receiver, con-
ventional on-off volume control, supplemented frequently by a tone control,
is used. These parts perform the same functions that they do in a radio
receiver. For the video, or image-producing, section of the television receiver,
a complete new set of front-panel controls are required. There are only a
few controls and they are easily manipulated.

The primary control is the station selector, a rotary switch with 12
positions. Seven of these positions will have local stations, which is all any
one community may be allotted. This number will be found only in very
large cities, for example, New York and Chicago. Smaller cities have fewer
stations, sometimes only one or two. Another control, associated with the
picture, is the contrast control which adjusts the intensity of the image
detail. Turning the control clockwise causes the picture detail to become
darker; rotating the control counterclockwise reduces detail intensity,
sometimes to the point where the picture disappears completely.

Still another control is the brightness control, which regulates the overall
shading of the picture and establishes the “tone” of an image, that is,
whether it is light, medium, or dark. Finally, there is the “fine-tuning”
control, which is basically a vernier-tuning adjustment. The main tuning
circuits used in television receivers are relatively fixed, and the desired
station is obtained by means of the selector switch. In addition, the proper
oscillator coil and capacitor are selected at the same time. If a change should
occur in the resonant properties of these circuits and no adjustment were
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provided, it could readily happen that the sound would 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 center the entering signal so that the proper fre-
« quencies are obtained at the video and audio IF amplifiers.

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 frequently are placed on the
front panel; others that require less frequent adjustment are positioned
either on the back panel of the chassis or in a small covered recess in front.
In any event, while the mechanism of a television receiver may be quite
complex use of the few necessary controls can be readily learned, even by
those entirely unfamiliar with the technical aspects of the system. This
must be so, else television would not have become so popular.

In this chapter, the overall operation of the present-day television system
lis explained, with particular emphasis on the methods used to transform
light rays into equivalent electrical impulses. After that, chapter by chapter
and section by section, the operating principles of the receiver are presented,
assuming only a basic knowledge of the operation of present superheterodyne
AM receivers.

Desirable Image Characteristics. Since the image is the final product
of the television system, and everything centers about the production of
this image, here is the most logical place to begin. 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 ele-
ments that go into its make-up is visible from ordinary viewing distances.
The image should have the fine, smooth appearance of a good photograph.

2. Flicker must be totally absent. To accomplish this, it is necessary for
the cathode-ray beam to sweep across the fluorescent screen in time to cause
light to be emitted before the previous image has lost its effect in the viewer’s
mind. The scenes then follow each other in rapid succession and the action
appears continuous.

3. The picture should be large enough in size to permit comfortable
viewing by several people at distances of 10 feet or more from the screen.

4. 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
cathode-ray screen. Naturally, less is necessary when the room illumination
is low than when it is high.

5. An effective contrast range is desirable. Contrast refers to the ratio
between points of maximum to minimum brightness on the same screen.
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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 between 50:1 and 100:1 are obtainable ordinarily.
These, however, prove quite satisfactory.

The foregoing requirements have been listed with only a slight explana-
tion advanced for each. There are limitations which affect these conditions,
but before any extensive discussion is undertaken, it is necessary to gain a
more detailed knowledge of the overall operation of present-day television
systems.

Outline of Stages of Television Transmitters and Receivers. An out-
line of the various stages of a television transmitter is shown in Fig. 1-2.

= {(—zz_
“— T2
Doublers and Modulated
rystal
ofcﬁla:or radio fr radio frequency
amplifiers amplifier
Camera tube
Line Video
amplifiers amplifiers
\ Viewling tube
Studio
Blanking and monltor 4
aynchronizing
timing
generators \
Microphone
\ Frequency-
Audlo
80"”—')I>—‘ amplifier modulated
generator

F16. 1-2. A modern television transmitter.

The scene to be televised is focused on the photosensitive plate of the
camera tube by means of a lens. At the tube the light rays are transformed
into equivalent electrical impulses. Thereafter amplifiers and the regular
amplitude-modulating sequences form the final television signal. To syn-
chronize the position of the electron beam at the receiver-viewing tube with
the beam in the camera tube, synchronizing pulses are also inserted into the
television signal.

Aside from the synchronizing pulses, the action in a television transmitter
is entirely analogous to the corresponding action in a sound transmitter. In
one, the object is to transform audio vibrations in the surrounding air to
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equivalent electrical variations. A microphone accomplishes this simply.
In the other, light rays are to be changed into equivalent electrical varia-
tions and a camera tube is employed. In either case, once the currents have
been formed, essentially the same procedure is followed to form the final
amplitude-modulated RF signal. It is well to keep in mind the corre-
spondence between the purpose of the microphone and the camera tube, for
this will aid in visualizing the overall operation of television transmitters.

The sound made by the actors in the scene being televised is kept sepa-
rate from the video electrical currents. The sound is frequency modulated
and sent out by another transmitter at a frequency that lies close to the
edge of the band of frequencies utilized by the image signals. So far as
the transmitters are concerned, two separate units are necessary: one for the
sound, the other for the image signals. A single transmitting antenna may be
used, however, since the two signals are close enough in frequency to be
broadecast from the same array.

At the receiver, shown in Fig. 1-3(A), the video and audio carriers are
received simultaneously by wide-band amplifiers. After amplification by an
RF stage, the composite signal is applied to the mixer tube where it com-
bines with a high-frequency oscillator voltage. The desired IF values are
produced by this action and, at the output of the mixer stage, the video and
sound signals are separated and fed to their respective IF amplifiers.

The audio signal is frequency modulated and, although the IF amplifier
stages found in FM receivers do not differ radically in construction from
the corresponding amplifiers in AM sound superheterodyne receivers (ex-
cept for frequency), the detector is entirely new. In the FM set, a dis-
criminator is necessary in order to convert the FM signal into the equiva-
lent audio variations. (A brief description of the operation of FM receivers
is given in Chapter 14.) Once past the FM detector, the ordinary audio
stages amplify the signal until it is suitable for application to a loudspeaker.

Returning to the video signal, we find that, after separation from the
audio voltage, it passes through several IF amplifiers (the number rang-
ing from two to four) before the diode detector is reached. Either half-
wave or full-wave rectification is employed at the detector. At some point
beyond the detector, part of the signal is applied to the synchronizing section
of the receiver. Here, the synchronizing pulses are separated from the
picture detail and used to control the frequency of oscillators that directly
control the position of the electron beam in the cathode-ray tube. In this
manner, the exact point where the electron beam impinges on the fluorescent
screen is kept related to the electron beam in the studio camera tube. Only
vertical and horizontal synchronizing pulses are required for black and
white images.

The remainder of the video signal, containing the detail information,
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THE TELEVISION FIELD 7

is amplified by the video amplifiers and then applied to the picture tube.
The amplitude of the input voltage varies the intensity of the electron beam,
while the deflecting plates (or coils) swiftly move the beam from one side
of the screen to the other. The result is an image on the screen, produced by
approximately 500 distinct lines. The eye of the viewer integrates these lines
so that they blend, and the image assumes the smooth appearance of a
photographic picture.

After the scanning beam forms an image in this manner, a second picture,
a third, and so on are formed in such rapid succession that the blending
of each into the next becomes even and continuous as in the movies. When
the system is operating properly, the viewer is not aware of each individual
picture, '

Intercarrier TV Receivers. The foregoing discussion was centered
about the block diagram in Fig. 1-3(A). This is a split-sound television
receiver and was the form employed by the first sets. However, in 1948, a
television circuit operating on a somewhat different principle was introduced
and is now almost exclusively employed. The new system is known as the
“intercarrier system.” It is illustrated in block form in Fig. 1-3(B).

4.5MC M AUDIO
LOUDSPEAKER
l'_’ o DETECTOR AMPLIFIERS \
¥
'
H
RF 50‘33§°z°r = VIDEO VIDEQ
AMPLIFIER MIXER AMPUFIERS DETECTOR AMPLIFIERS

AUTOMATIC
GAIN
CONTROL

J AFC HORIZ,

OSCILLATOR

BYSTEM osc.
SYNC SYNC
SEPARATOR AMPLIFIER
VERTICAL VERTICAL
oscieator [ reut

Fic. 1-3(B). A block diagram of an intercarrier set.

The RF stages of the receiver are identical with the RF section of the
split-sound set. The incoming signal is received, amplified, and then con-
verted to the lower intermediate frequencies. The entire signal—sound
and video—now enters the IF system where both are amplified. There is
this important difference, however. The video signal receives its normal
amount of amplification, but the sound signal is permitted to receive only
5 per cent of the total available amplification. This relationship is purposely
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maintained to prevent the sound signal from producing visible interference
on the picture screen.

The intercarrier system has no sound take-off point in the mixer or the
video IF system. Hence, both signals remain together until the video second
detector. In this stage a beating, or mixing, takes place between the video
and sound IF carriers, producing a difference frequency of 4.5 me.* If we
wish, we can consider the video carrier as being equivalent to the local
oscillator, and the audio carrier as acting as the incoming signal. The result
of the mixing is a 4.5-mc beat note. In addition, we also obtain all of the
0-4 mc video frequencies from the amplitude-modulated video carrier.

The 4.5-me beat note contains all of the sound information. This part
of the signal may now be transferred to its own sound system or the separa-
tion may be further delayed until both sound and video signals have passed
through one or more video amplifiers. Once the separation is effected, the
sound signal goes through one or two 4.5-me sound IF amplifiers, through
an FM detector, and on to several audio amplifiers and the speaker.

The video signal, for its part, travels through the video amplifiers to the
picture tube. Here, its information is displayed visually.

The vertical- and horizontal-deflection systems are synchronized by a
part of the signal obtained from some point in the video amplifiers. In this
respect, both split-sound and intercarrier receivers are alike; therefore what-
ever was stated previously concerning the operation of these systems ap-
plies here, too.

The principal difference, then, between split-sound and intercarrier re-
ceivers is the point where the video and sound signals separate. In the split-
sound set, this must occur before the video detector; in the intercarrier set,
the separation takes place after the video detector.

Television Camera Tubes. The foregoing is an outline of present-day
television systems. With this in mind, let us investigate the important opera-
tion of the studio camera tube in greater detail, for it is what this tube
“sees” and converts into equivalent electrical impulses that will determine
the form of the image finally reproduced at the receiver. Faithful reproduec-
tion of the scene being televised is necessary for high-quality images at
the receiver.

Consider an ordinary photograph, such as is shown in Fig. 1-4. This
picture was obtained from a negative that contained a large number of
grains originally sensitive to light. So long as the picture, or positive, obtain-
able from the negative is not greatly enlarged or examined too closely, the
granular structure of the photograph is not evident and the photograph
appears smooth and continuous. However, if the picture is more and more

*In every television signal, the frequency difference between the sound and the
video carriers is 4.5 mec.
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enlarged, a point is reached where the granular structure of the picture
does become visible. These grains, then, are the elements that combine to
form the picture.

A fine-grain photograph, with many grains per unit of area, is capable
of greater enlargement than a coarse-grain picture hefore these elements
become discernible. With television images, the same kind of situation pre-
vails. In the receiver, each picture element is just as large as the area of the

Fic. 1-4. A television studio scene developed from an ordinary negative.

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 and their character as
separate points will disappear. Hence, one of the first considerations for
a television picture that is to reproduce any amount of 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.
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Fig. 1-5. An iconoscope camera tube.

Fic. 1-6. An image-orthicon camera tube.
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Three types of camera tubes have been widely used in this country:
the iconoscope, the image orthicon, and the vidicon. They are shown in
Figs. 1-5, 1-6, and 1-7. The iconoscope was the first of the three to be
developed and employed commercially, and while it is still in use in a few
broadcast stations, principally in film cameras, it has
generally been replaced by either an image orthicon
or a vidicon. Both of the latter tubes are in general
use at the present time. Since the iconoscope was the
earlier tube, it will be considered first.

The iconoscope has the internal construction
shown in Fig. 1-8. Within the tube is a relatively
large rectangular plate upon which all the light from
the scene is focused. The plate consists of a thin sheet
of mica (an insulator) upon the front of which has
been deposited many microscopic globules of a sensi-
tized caesium-silver compound. Because of the man-
ner in which the globules have been placed on the
mica plate, they do not come in actual contact. Each
tends to form its own little island. Between these
separate globules, of course, is the surface of the mica.
On the reverse side of the plate, a continuous layer of
a conducting substance is deposited and an electrical
connection is brought from here to the external cir-
cuit.

It will be recognized that actually a capacitor is
formed by the foregoing method of construction. Each
globule forms one separate plate, with the back side
of the mica acting as the common second plate for all
the globules. The dielectric is the mica.

The object is focused on the face of the plate
(commonly called “the mosaic”’). Due to their silver-
caesium composition, the globules emit electrons in
proportion to the light intensity reaching that par-
ticular point. Thus each globule assumes a different positive charge, caused
by this loss of negative electrons, with each element retaining this charge
since it is insulated from all the other elements. The mica likewise prevents
the charge from leaking off to the conducting layer on its other side. Essen-
tially, we now have a charged capacitor, but the charge varies from globule
to globule because of the difference in light intensity that fell on these vari-
ous points.

By having the amount of charge on each globule vary in proportion to
the light at that globule, we accomplish the first step of our process, namely,

Courtesy RCA

Fiec. 1-7. A vidicon
camera tube.
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conversion of light rays into equivalent electrical charges. It remains to
convert these charges into electrical currents.

The similarity between the above action and the photographic process of
taking a picture is striking. With more globules deposited on the mosaic,
it should he possible to obtain a finer structure for the final reproduced
image. This possibility will depend on the size of the electron beam and
the scanning process used. The latter is associated with the method em-
ployed to convert the various differences in globule charge into correspond-
ing electrical impulses. For the reproduction of fine detail in photographic
films a fine-grain structure is necessary. For the iconoscope mosaic, caesium-
sensitized globules correspond to the grains on a film negative. The more
globules that are deposited on the mosaie, the smaller the detail that may
be distinguished. The number of globules, in itself, however, is not the only
deciding factor. Important, too, is the diameter of the scanning electron
beam. A large round beam covers many globules at one time, and an average
current, determined by the average of the charges on all these globules,
results. Any detail that is too fine will blend with the surrounding objects
and become obscured. On the other hand, with a small beam it is possible to
contact smaller groups of globules and cause separate electrical currents to
flow for each. The finer detail will be more evident now.

Electron-Beam Scanning. In order to transmit a picture, it is possible
to send all the elements that compose this picture at one time, or to send
each element separately in orderly sequence. Because of the complexity of
the system that would be required if an attempt were made to transmit all
the elements simultaneously, the second method (sending each element sepa-
rately) has been universally adopted. Even with these alternatives, there is
still a choice of scanning sequence. For example, it is possible to divide the
image into a series of narrow horizontal strips and transmit one after the
other, starting at the left-hand side of tlie uppermost strip. Another method
is to dissect the image into vertical strips and transmit these in order. A
third means employs spiral scanning. Each is illustrated in Fig. 1-9. Of
practical interest, however, is horizontal scanning, since it is closest to
the process currently employed.

At the start of the horizontal-scanning process in the iconoscope, an
electron beam is formed, focused in the neck of the tube, and accelerated
toward the upper left-hand corner of the mosaic plate (point A in Fig. 1-10).
There, under the influence of varying voltages applied to the deflecting coils
of the iconoscope (positioned on the neck of the tube), the electron beam
moves to the right, passing over the charged globules which have been
exposed to the focused rays of light from the televised scene, and which
are located across the top of the image. As each globule, or group of globules,
is reached, enough electrons are supplied by the electron beam to restore the
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globule to its previously neutral potential. This action automatically releases
any charge on the opposite conducting surface of the mosaic that was held
there by the positive globules. With the release of this charge, a small pulse
of current passes through resistor B of Fig. 1-8. The strength of this cur-
rent is proportional to the amount of positive globule charge neutralized,
which in turn is proportional to the intensity of the light striking this point
of the mosaic plate.

Thus the second phase of our task has been accomplished and we have
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Fic. 1-9. Three possible methods of scanning an image: (A) horizontal scanning,
(B) vertical scanning, and (C) spiral scanning.

transformed light rays into equivalent electric currents. The voltage de-
veloped across R will be proportional to the varying pulses of current passing
through it. Tube V; will then amplify the fluctuating voltage and forward
it to the stages that follow.

Returning to the scanning process, 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
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removed,J and again the cathode-ray beam moves toward the right, neutraliz-
ing the positively charged globules along this horizontal line and causing
electrical impulses to pass through R.

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.

It sh&uld be noted that each globule has
been storing up a charge (or giving off elec-
trons) dullring the time the electron beam is ===
busy passing over other globules. Thus, if it ="
takes the beam 1 min to scan the entire im- === D
age, the globules are being exposed to the e
focused light rays during all of this time. The ~F16. 1-10. The motion of the
resultanti emission of electrons causes the electr%n .beamlm one form of
positive charge to increase. With the arrival orizontal seanning.
of the beam, a neutralization takes place; but, at the next second, with the
passage of the beam, the storage process begins anew. While 1 min is men-
tioned as an arbitrary period, in practice the beam passes over each
globule jvery 140 sec. Hence 30 complete pictures are sent every second.

In actual equipment, the motion of the scanning electron beam, as de-
scribed above must be modified somewhat for two reasons. First, it is ex-
tremely difficult to generate a voltage
Return Path of scanning that will cause the beam to drop sud-

trace electron beam

7 denly from the end of one line to the

level of the next one directly beneath it.

Actlvc\llnu Beam retrace

B

It is simpler to have the beam move
down to the level of the second line

1

2

3

; gradually, as is illustrated in Fig. 1-11.
D S To obtain this type of motion for the

7

8

9

electron beam, both horizontal- and ver-
tical-deflection coils in the iconoscope

tube are utilized. Without going into an

10.ete-  extensive discussion at this time of the
Fig. 1-11! In actual equipment it is f)peration off e elef:tron G leeiad
easier ta have the electron beam 1D the neck of the iconoscope, let us
travel in|the manner indicated above ~state simply that the horizontal-deflec-
than in Fig. 1-10. tion coils can move the electron beams
horizontally across the screen from left

to right and back again. The vertical-deflection coils can cause the beam to
move vertically. Between them, and with different amounts of currents

Boouwuood whm

IMAGE
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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 across the screen
slantwise), we have the equivalent of a fast-acting voltage on the horizontal
plates quickly forcing the beam straight across, while a slow-acting voltage
at the vertical plates is forcing the beam down. The result is shown in Fig.
1-11. When the beam reaches the end of a line, it is quickly brought al-
most 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 pic-
ture, after the last line has been scanned, a longer blanking signal is ap-
plied 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 there is nothing to impart, and 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 familiar sawtooth wave illustrated in Fig. 1-12. This
current rises gradually to a fixed level and then suddenly drops (almost ver-
tically) to zero to begin the process over again. More will be mentioned about

sawtooth-wave generators when the

o @ :‘“ television receiver is discussed. For

I /\%\ﬁ/‘“\/ the second reason why the horizontal
At scanning process had to be modified we

TIHE ——> must examine more closely the human

Fic. 1-12. A sawtooth current, as illus- eye and its action when observing
trated here, when passed through a set motion on a screen.

AMPLITODE

of deflecting coils, will cause the elec- Flicker. If a set of related still

tron beam to move slowly from left : .

to right and then retrace rapidly from films follow each other falrly rapidly
right to left. 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 14, sec before
it disappears entirely. In motion pictures, this situation is very fortunate, for
otherwise this method of entertainment would be impossible.
It has been found that when theater films are presented at a rate of
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 sensation in the viewer’s mind decreasing to
too low a value before the next film is presented on the screen. Increasing
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the rate at which the stills are presented will gradually cause the flicker to
disappear.| At 50 frames 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 screen 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 has now been
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 ingen-
ious method, all traces of flicker are eliminated.

In tele\w’ision, 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 a-c power lines. Practically, this choice of frame-sequence
rate necessitates less filtering in order to eliminate a-c ripple, which is
called “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 a-c
ripple when 30 frames per second are employed.

To eliminate all traces of flicker, an effective rate of 60 frames per sec-
ond is employed. 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 14, sec; therefore 30 frames is still the
fundamentsdl rate. However, since all the even lines are transmitted in 14,
sec and the same is true of the odd lines, they add up, of course, to 144 sec.
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 sag‘r that the frame frequency is 30 cps, whereas the effective rate
(called the‘ﬁeld frequency) is 60 cps. This method of sending television
images (Fig. 1-13) is known as “interlaced scanning.”

Thus, as the standards for television images now stand, 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:

|
|
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Fic. 1-13. The path of the electron beam in interlaced scanning.

1. The frequency bandwidth available for the transmission of the tele-
vision 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 for the horizontal- and vertical-deflection plates.

With each frame divided into two parts (because of interlaced scan-
ning), each field will have one-half of 525 lines, or 26214 lines, from its be-
ginning to the start of the next field. (As a matter of definition, a com-
plete 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
26214 lines, whereas a frame has 525, the full amount.

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 con-
sidered, an identical motion exists at the receiver screen.

At the start of the scanning motion at the camera-tube mosaic, the elec-
tron beam is at the upper left-hand corner, point A of Fig. 1-13. 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, the third line, as required for interlaced scanning. The blanking signal
then relinquishes control 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 equal to the thick-
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ness of on% line. The beam is brought here as a result of the odd number
of total lines used (525). Each field has 26214 lines from its beginning to
the start oL the next field and, when the beam reaches point E, it has moved
through the necessary 26214 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. 1-13. The beam continues until it reaches
point F and from here is brought to point A. From point A the entire se-
quence repkats itself.

Thus, as matters stand, the electron beam moves back and forth across
the width bf the mosaic 26214 times in going from point A to point D to
point E. The remaining 2621 lines needed to form the total of 525 are ob-
tained when the beam moves from point E to point F back to point 4. The
process may seem complicated but actually it is carried out quite readily
and accurately at the transmitter (and receiver). A more detailed unalysis,
including f{he number of horizontal lines that are lost when the vertical
synchronizing pulse is active, is given in Chapter 12.

The Image Orthicon. Of the three camera tubes mentioned previously,
the iconoscope has already been described in detail. It is not without de-
fects, the two most serious being its poor efficiency and its tendency to
produce background shading that is not found in the original scene. The
latter defect arises from the fact that the impinging scanning beam has suffi-
cient force to dislodge secondary electrons from the surface of the globules
over whichl it may be passing. Some of these electrons, once freed from
their globules, may be attracted to the positive collector ring or fall back
on the modaic plate. In either case, the true, original form of the charge
distribution of the mosaic plate is altered. This distortion, for that is what
it is, generglly appears on the screen as a darkened background. Correction
voltages can be inserted into the signal in an effort to eliminate the distor-
tion. Actually the voltages from the shading generator are 180 deg out of
phase with, the distortion voltages, and their elimination is thus effected.
It may appear to the reader that almost an infinite number of shading sig-
nals would be required. Fortunately this is not so. Experience with icono-
scopes rev:jals that relatively simple correcting voltages are required and
these are readily generated and injected into the voltage wave.

A camera tube which is considerably more sensitive that the iconoscope
is the imagé orthicon. See Fig. 1-6. The greater sensitivity of this tube gives
it the following advantages:

1. The ability to televise scenes too dark to establish an acceptable image
with other eamera tubes.

2. A greater depth of field, permitting the inclusion of background that
will otherwise be blurred or obscured on the receiver screen.

Physicaily, the tube looks like an elongated image-projection tube. It is

|
|
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approximately 15 inches long and 3 inches in diameter at the head. Elec-
trically, the tube is divided into three parts: the image section, where the
equivalent distribution of charge over a photosensitive surface is formed; |
a scanning section, consisting of the electron gun, the scanning beam, and
deflection coils; and a multiplier section where, through a process of sec-
ondary emission, more current is generated than is contained in the return-
ing beam. Figure 1-14 illustrates all three sections of the image orthicon.

HORIZONTAL
3 VERTICAL FOCUSING COIL
DEFLECTING
RIGID METAL HOUSING coiLs GRID Ne2 &
TARGET ALIGNMENT
CoiL FIVE-STAGE
RATOR ELECTRON
Acgslll_)cmlm DEgELE 25 GRID N24 \GRID Ne3 MULTIPLIER
PHOTOCATHODE , /

...

TELEVISED £ PSRN ES
SCENE [ i
|
scmnmc MULT|PLIER
/ SECTION ECTION
METAL n_o
LINER SHOULDER SoCKET ELECTWN GUN
PLASTIC
3 WEDGE-SETS
POTTING 3 CAMS
SPACED 120° APART AT
SEE DETAIL FOR CLAMPING BASE

F1e. 1-14. The internal construction of the image orthicon.

In operation, light rays from the scene to be televised are focused by an
optical lens system onto a transparent photosensitive plate. At the inner
surface of this plate, electrons are emitted from each point in proportion to
the incident light intensity. Note that the light rays must penetrate the
transparent plate to reach the photosensitive inner surface.

The emitted electron image (in which, at each point, the density of the
electrons corresponds to the light at that point) is drawn to the target by a
positive wall coating. At the target, the arriving electrons produce secondary
emission and thus develop a pattern of positive charges directly proportional
to the distribution of energy in the arriving electron image. The target is
not photosensitive, but is capable of emitting secondary electrons.

By this method of forming a charge distribution on the target plate, we
obtain a more intense degree of positive charge distribution than would be
obtained if the light rays themselves were the activating agent, as in the
iconoscope.

The back of the target plate is scanned by a low-velocity electron beam,
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which is slowed down just short of the plate and at each point gives up
sufficient electrons to neutralize the positive charge at that point. The
remainder of the electrons in the beam then return to an electron-multiplier
arrangement where several electrons are produced for cach impinging elec-
tron. The result—at the output—is a current amplified many times greater
than the current in the return beam.

It is evident that the most positive points on the plate return 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. As we shall see presently, this cor-
responds to negative phase polarity in the signal.

In order to function effectively, the two-sided target must be able to con-
duct 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 front side of the target. Hence, no
conduction is permissible between the various elements of any one side of
the target plate. If this does occur, the charge differences between the vari-
ous points on the image disappear.

Until very recently, the two-sided target used in the image orthicon was
a thin sheet of low-resistivity glass. The resistivity between the front and
back sides was sufficiently low that by placing opposite charges on the sides,
complete neutralization (by conduction) would occur in less than 4, sec.
In this way, one frame was prevented from affecting the next frame.

The thin sheet of glass was about 114 in. in diameter. It was placed about
24 000 in. from a flat fine-mesh screen, the purpose of which was to collect sec-
ondary electrons that were knocked off the target when the photoelectrons
impinged upon it. In order not to interfere with the oncoming photoelectrons,
the mesh contained 500 to 1,000 meshes per linear inch, an open area of
from 50 to 75 per cent, and a considerable accuracy of spacing.

Recently, another type of material, magnesium oxide, has been developed
for target use in image orthicons. This material is said to overcome one of
the major objections to glass targets, namely, the tendency to become
“sticky’” after several hundred hours of use. The term “sticky” refers to the
increasing tendency of glass targets to retain the image for longer and
longer periods of time. When stickiness becomes noticeable by causing
images of a previous scene to smear over the new scenc, the tube must be
discarded. Stickiness has been a major cause of tube replacement.

Another limitation of glass targets is their susceptibility to permanent
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damage from what is called “burn-in,” which is caused by aiming the
camera at a bright, stationary highlight for too long a time. When this hap-
pens, the target acquires a permanent afterimage, or burn, which is evident
in all transmitted pictures from that time on. Burn-in is another cause of
tube replacement.

The ability of magnesium oxide targets to overcome these difficulties
stems from the fact that the oxide uses a different principle of conduction
between front and back sides. In the glass target, conduction occurs by the
movement of sodium ions. This is not a reversible action because the sodium
which travels from one side of the target to the other does not return to its
original position. In time, the ions are exhausted
and the useful life of the tube ceases.

With magnesium oxide targets, only electrons
travel from the rear to the front. This process
is reversible and the life of a tube is not limited
by the exhaustion of charged carriers. Thus, the
problems caused by stickiness and burn-in are
virtually eliminated, and the expected life of
the tube is appreciably extended. Furthermore,
camera tubes using these targets possess a higher
sensitivity because magnesium oxide yields a
higher secondary electron emission (for the
electrons reaching the target from the photosensi-
tive plate).

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

The multiplier structure in the image orthicon

Courtesy Rca  CODSISts of a series of circular screens set one
view of image orthican S, . ynode no.
showing construction of (this is also grid no. 2) of a 5-stage electron

multiplier section. multiplier. For each electron that strikes this
electrode, 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
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Fic. 1-15(B). The path of the electrons as they travel through the screens of the
multiplier section (at left side of illustration).

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.

This multiplying process continues at each successive dynode, with an
ever-increasing stream of electrons, until those emitted from the 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 signal is fed so that the amplifiers con-
tribute no noise to the final video signal.

The Vidicon. The iconoscope and the image orthicon both depend on
the principal of photoemission, wherein electrons are emitted by a sub-
stance when it is exposed to light. The vidicon, on the other hand, is a
television camera tube that employs photoconductivity; that is, a substance
is used for the target whose resistance shows a marked decrease when
exposed to light.

The operating principal of the vidicon camera tube is illustrated in
Fig. 1-16. The target consists of a transparent conducting film (the signal
electrode) on the inner surface of the face plate and a thin photoconductive
layer deposited on the film. Each cross-sectional element of the photoconduc-
tive layer is an insulator in the dark that becomes slightly conductive when
it is illuminated, and acts like a leaky capacitor, having one plate at the
positive potential of the signal electrode and the other floating. When light
from the scene or film being televised is focused on the surface of the photo-
conductive layer next to the face plate, each cross-sectional illuminated
layer element conducts slightly, the current depending on the amount of
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Fic. 1-16. Internal construction of a vidicon.

light reaching that element. This causes the potential of its opposite surface
(i.e., the gun side) to rise to the signal electrode potential in less than the
scanning time of one frame. Hence, there appears on the gun side of the
entire layer surface a positive potential pattern composed of the various
element potentials corresponding to the pattern of light which is focused
on the photoconductive layer. ¥

The gun side of the photoconductive layer is scanned by a low-velocity
electron beam produced by the electron gun. When the gun side of the
photoconductive layer, with its positive-potential pattern, is scanned by the
electron beam, electrons are deposited from the beam until the surface po-
tential is reduced to that of the cathode. 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-elec-
trode) circuit and a scanning beam, a capacitive current is produced. This |
current constitutes the video signal. The amount of current flow is propor-
tional 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 grid of the first-video amplifier tube swings in the nega-
tive direction. In the interval between scans, wherever the photoconductive
layer is exposed to light, the migration of charge through the layer causes
its surface potential to rise toward that of the signal plate. On the next scan,
a sufficient number of electrons are deposited by the beam to return the
surface-to-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
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photoconductive layer by the combined action of the uniform magnetic 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 photocon-
ductive layer, so that the electron beam will tend to approach the layer in
a direction perpendicular to it, a condition which is necessary for driving the
surface-to-cathode potential. The beam electrons approach the layer at low
velocity because of the low-operating voltage of the signal electrode. Deflec-
tion of the beam across the photoconductive substance is obtained by ex-
ternal coils placed within the focusing field.

Photoconductive substances arc capable of producing far greater cur-
rents per lumen of incident light than photoemissive substances. Conse-
quently, the vidicon is considerably more sensitive than either the image
orthicon or the iconoscope, and does not require an electron multiplier. Thus,
the vidicon is more simple structurally and can be built in a much smaller
glass envelope. Miniature vidicon pickup tubes have been built which are
only % in. in diameter and 3 ins. long. In contrast, an image orthicon has
an average bulb diameter of 3 in. and an overall length of somewhat more
than 15 in.

Vidicons are employed principally for film and slide pickup in television
broadeast stations, although a few stations use vidicons for live pickup,
primarily for newscasts and shows of a similar type having little action.
Because of its small size and mueh lower cost (than image orthicons), the
vidicon is almost exclusively employed for industrial application.

Camera tubes designed for studio use arc housed in large rectangular
cases, then placed on dollics to allow the entire assembly to be moved from
one position to another quickly and quictly. The necessity for employing the
relatively large cases is due to the extremely small video currents generated
in the camera tubes, even under the most favorable conditions. If these tiny
currents were sent into the long connecting coaxial cables, they would be
too small to override the noise inherent in the system by the time the trans-
mitter was reached. To prevent this situation, several amplifiers are built

linto the camera assembly along with the camera tube. Consequently, the
.small video currents are amplified immediately and then sent into the con-
necting transmission line.

Figure 1-17 shows a present-day television studio camera. A television
studio camera in use is shown in Fig. 1-18.

Blanking and Synchronizing Signals. The cathode-ray beam at the
receiver must follow the transmitter action at every point. For example,
cach time the camera-tube beam is blanked out, the same process must oc-
cur at the receiver and at the proper place on the screen. It is for this pur-
pose that blanking pulse signals are sent along with the video signals, those
that contain the image details. These blanking pulses, when applied to the
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Ccuresy RCA

Fig. 1-17. A modern television camera. (Top) Rear view showing the various con-
trols that govern camera operation. (Botton) Inside of television camera. The camera
tube fits inzide the large cylinder shown at the bottom of the cabinet.
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Courtesy RCA
Fic. 1-18. A television studio eantera in u=e.

control grid of a cathode-ray tube, bias it to a large negative value, suf-
ficient 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 sereen during retrace periods, do not cause the movement
of the beam from the right- to the left-hand side of the screen, or from hot-
tom to top. For this, another set aof pulses, superimposed over the blanking
signals, control oseillators at the receiver and these, in turn, control the
position of the beam. The pulses are called “synchronizing pulses.” A hori-
zontal pulse at the end of each line causes the beam to he 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
nmage.

The Video Signal. In order to see how the picture detail, blanking sig-
nals, and synchronizing pulses are all combined to form the complete
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video signal, refer to Fig. 1-19. Here three complete lines have been scanned.
At the end of each linc the blanking signal is imposed on the beam and
automatically prevents the electron beam from reaching the mosaic at the
camerga or- the fluorescent screen at the receiver. With the blanking signal
on, a gynchronizing pulse is sent to cause (in this instance) the horizontal-
deflection coils to move the position of the electron bean from the right side
of the picture to the left. This movement accomplished, the job of the syn-
chronizing pulse is completed and a fraction of a second later the blanking
control releases its negative bias on the control grid of the cathode-ray tube
and the electron beam starts scanning again. The process continues until
all the lines (odd or even) in one field have been scanned.

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
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Fig. 1-19. The complete video signal for three scanned lines.

can be traced. Since the vertical-triggering pulse and retrace require a
longer period of time than the horizontal-triggering pulse and 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. 1-20. Because the horizontal-synchronizing pulses must not be inter-
rupted, even while the vertical-deflection coils are bringing the electron
beam to the top of the field, the long vertical pulse is broken into appro-
priate intervals. In this manner it is possible to send both horizontal and
vertical pulses at the same time, cach type being accurately separated at the
receiver and transferred to the proper deflection system. Greater detail is
given on this point in Chapter 12. The term used for the series of synchro-
nizing pulses that combine to make up the total vertical signal is “serrated
vertical impulses.” This type of waveform has been established as stand-
ard in the United States.

Under the action of the vertical-deflection coils the beam is brought to
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Fii. 1-20. The form of the vertical-synchronizing pulses.

either point A or point E (Fig. 1-13) and then the usual camera action
starts anew.

Negative and Positive Video Polarity. A closer inspection of a video
signal (Fig. 1-21) reveals that of the total (100 per cent) amplitude avail-
able, from 75 to 80 per cent is set aside for the ecamera-signal variations.
At the level where the camera signal ceases, the blanking voltage is inserted.
The remaining 20 to 25 per cent of the amplitude is reserved for the hori-
zontal- or the vertical-synchronizing pulses. It will be noticed that, no mat-
ter where the camera signal happens to end, the blanking level and the
synchronizing pulses always reach the same amplitude. This 1s done pur-
posely at the transmitter, and several operations in the television receiver
depend upon this behavior. It must be remembered, however, that this action
does not necessarily have to be used, but is specifically employed because
of resulting simplicity at the receiver.

Figure 1-21 illustrates the form of the video signal as it is used in the
United States. From the relative polarity marked on the side (or vertical)
scale, it is seen that the brightest portions of the camera signal cause the least
amount of current to flow, or the voltage has the least amplitude. This action
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Fig. 1-21. The various proportions of a video signal.
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is exactly the opposite of the action at the iconoscope, as explained earlier in
this chapter. The signal-voltage (or current) values have been completely
reversed. The blanking voltage, which should be more negative than any
part of the camera signal, is actually more positive. And the synchronizing
pulses give the largest voltage and current of all.

Transmitting the signal in this form is known as “negative picture trans-
mission,” and the picture is said to be in the “negative picture phase.” If the
video signal is reversed so that it assumes the form of Fig. 1-22, it is called
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Fic. 1-22. The form of the video signal in positive transmission.

the positive picture phase” and, if transmitted, is known as “positive trans-
mission.” In the United States negative RF transmission is employed; in
England the other form is preferred. It is claimed here that less interference
is visible on the viewing screen with negative transmission and that better
all-round reception is obtained under adverse conditions. Be that as it may,
one standard has been decided upon, and all receivers must be constructed
to receive this signal. If a receiver designed for negative-picture-phase signals
receives a positive-picture-phase signal, all the light values of the image are
reversed on the viewing screen. The bright portions appear dark, the dark
portions appear light. The result is similar to a photograp]uc negative, in
which the values are likewise reversed.

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, pic-
ture phase. The grid of the cathode-ray tube is then biased by enough nega-
tive voltage that, when the blanking voltage section of the signal does act
at the grid, the electron beam is automatically prevented from reaching the
fluorescent screen. With the positive picture phase, the camera-signal volt-
ages 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 electrons in the beam mean that more light is emitted
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at the screen, and the various shades and light gradations of the image are
formed by different voltages.

The purpose of the blanking voltage in the video signal is to prevent
the electron beam from reaching the fluorescent screen. This fact is well
known by now. The point in the video wave where the blanking signal is lo-
cated 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 flourescent screen. By
nothing darker, we mean no light at all appears.

Now, consider the video signal of Fig. 1-22. With the blanking level
we find the synchronizing pulses. When applied to the viewing-tube con-
trol grid along with the rest of the wave, the pulses drive the grid to a nega-
tive voltage even greater than cutoff. The pulse region, for this reason, is
labeled blaeker 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 simultancously. The synchronizing clipper tube permits
only the pulses to pass through, whercas the video amplifiers allow the
entire signal to pass.

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 mega-
cyeles (me) 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 the foregoing paragraphs on television images, 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 ap-
pearance is lost. Each 14, sec, 525 lines are scanned, or a total of 15,750
lines in 1 sec. 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 relationship exists between
two quantities: number of elements and bandwidth.

Consider, for example, that the mosaic plate in the iconoscope is broken
up into a series of black and white dots, each dot representing one ele-
ment. The resulting pattern is shown in Fig. 1-23(A). As the scanning




32 TELEVISION SIMPLIFIED

beam passes over each clement 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
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Fic. 1-23. The basic relationship between the number of elements in an image and
the width of the frequency band required.

no additional replacement of electrons. In one complete horizontal line, the
electric pulses of current would have the shape shown in Fig. 1-23(B).

If one maximum point in the wave is combined with its succecding mini-
mum point, one complete cycle is obtained. The same situation prevails in
any sine wave. Sce Fig. 1-23(C). Since each white dot represents a maxi-
mum 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 onc horizontal line is
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scanned. With 700 elements (dots, in this case) on a line, a fundamental
frequency of 350 cycles is generated.

Under present standards, 525 lines are scanned in 144 sec, or a total of
15,750 in 1 sec. Employing 700 elements per line, 11,025,000 picture ele-
ments are sent each second, which, for our analysis, results in a frequency of
11,025,000

2
lowed. Thus, for the video section 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. How-
ever, the figures obtained by this reasoning yield results that have been found
satisfactory, and the method, from this viewpoint, is justified.

Although 4 mec are required to accommodate the video information alone,
the bandwidth set in practice is 6 me. Of the extra 2 me, the FM audio
carrier uses 50 (kc). Apparently considerable bandwidth is not utilized. The
reason for the extra space is found in the process whereby the television
video carrier is generated.

On ordinary broadecast frequencies, it is common knowledge that most
stations occupy a 10-ke bandwidth, or =5 ke about the carrier position.
Thus, if a station is assigned to the frequency of 700 ke, it transmits a sig-
nal that occupies just as much frequency space on one side of 700 ke as on
the other. Under existing FCC regulations, the maximum deviation is
5 ke (or 5,000 cycles) on either side of the carrier position of 700 ke. Techni-
cally, we say that these side frequencies are “side bands” for the present il-
lustration, each side band may have a maximum deviation of 5 ke about
the mean, or carrier, position. The information of the signal is contained in
the side bands, since they are not generated until speech or music or other
sounds are projected into the microphone. At the receiver, the variations in
the side bands are transformed into audible sounds and heard by the radio
listener.

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

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 sound
broadeast frequencies. Since 4 me are needed for the picture detail, a sig-

eps, or 5.51 me. In actual practice, a band width of 4 mec is al-
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nal would be generated that extended 8 me, or =4 mc about the carrier.
And this bandspread does not include the sound. An 8-me¢ band is undesir-
able because of the ether space occupied and the difficulties inherent in trans-
mitting a signal of this bandwidth. Hence, the need arises for removing one
side band, since, as noted above, only one is required.

The undesired side band is removed by filters that follow the last am-
plifier of the television transmitter. But filters are not easily constructed
that will cut off one side band sharply and completely, and leave only the
one desired. Furthermore, in the process of elimination, nothing must occur
that changes the amplitude or phase of any of the components in the desired
side band. As a compromise arrangement, most, but not all, of one side
band is removed and in this way the remaining side band is least affected by
the filtering. Thus part of the 2 mec of the total 6-me¢ bandwidth is occu-
pied by what may be called the “remnants” of the undesired side band. This
method is known as “quasi-single-side-band” or “vestigial-side-band” oper-
ation.

In Fig. 1-24(A) is the television video signal as it appears with both side
bands present, and Fig. 1-24(B) shows the signal as it appears after passage
through filters that partially remove one side band. The frequency of the
carrier is found 1.25 me above the low-frequency edge of the television sig-
nal. Then for 4 me above this, we have the television video signal with the
desired picture information. See Fig. 1-24. A 0.5-mc 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 distortion of the
video signal. In this manner the allotted 6 me are distributed.

Effect of Loss of Low and High Video Frequencies. While uniform
response over a 4-mc 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; these are more fully explained at the appropriate
places in later chapters. For the moment, it is 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 ele-
ments 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 pic-
ture will lose some of its sharpness and may even appear somewhat blurred
if the high-frequency response is degraded enough. In commercial tele-
vision receivers, a video passband of from 3.3 to 4.0 mc is generally con-
sidered good, while anything below 3.0 me is not too desirable.
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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. However,
with the manually adjustable brightness control ( to be described later) it
is possible to counteract to some extent the bad effects of the poor response.

Frequency Allocations. With a maximum bandwidth set at 6 me, it is
clear that in order to operate even as few stations as five in any one
arca, a band 30 mc wide must be provided. With most of the lower fre-
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Fic. 1-24. (A) Double-side-band and (B) vestigal-side-band transmission of televi-
sion signals. B is standard in the United States and represents the signal as sent.

quencies already occupied by existing services, television was allotted space
at the high frequencies—f{rom 54 mc up. The advantage of using the higher
frequencies lies in the vast amount of free ether space that is available.
The chief disadvantage of using the higher frequencies is the limited area
over which these waves are effective. In most localities, a receiver should
be within 60 miles of the transmitting tower to receive enough signal to
develop a satisfactory picture. And even then, such obstacles as hills
and mountains may obstruct the free travel of the signal sufficiently to pre-
vent any reception at all. The antenna at the receiver plays an important
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role in developing satisfactory reception. Chapter 2 is devoted entirely to a
study of television antennas.

Signal distribution from station to station across the country is made
by coaxial cables and microwave relays. A section of a transmission cable
(Fig. 1-25) contains eight independent concentric cables, together with 49
paper-insulated wires for testing and maintenance purposes. A pair of the

Fic. 1-25. A coaxial transmission cable with the outside lead and paper covering

removed to show the eight coaxial tubes and also the paper-insulated wires. Held

hetween the gloved fingers are the plastic discs which separate and insulate the inner
wire from the outer copper tube.

concentric cables fully terminated by the proper repeater stations is capable
of handling about 600 simultaneous telephone conversations, or one tele-
vision program in each direction. Each of these copper tubes is about the
diameter of a man’s small finger. Running down the center of each tube
is a copper wire about the size of a pencil lead, held in place by round in-
sulating dises. Both the copper tube and the wire inside have the same axis,
hence the name “concentric,” or “coaxial” cable.

Microwave systems, which may be used for long-distance telephone calls
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as well as television, make use of very short radio waves (about 4,000 mc}.
These microwaves are free from static and most manmade interference and
shoot off into space instead of following the curvature of the earth. There-
fore, the waves are gathered into a
beam and aimed at towers, usually
located atop high buildings or hill-
tops. Microwaves are focused in
narrow beams from one point to
another by huge horn-shaped anten-
nas. Microwaves can be beamed over
distances of from 30 to 40 miles, just
as long as there is no interference
in its line-of-sight path. Typical
of the microwave-relay stations on
hilltops is the one located along the
Bell System radio-relay route in
Colorado. See Fig. 1-26.

Figure 1-27 shows the Bell Sys-
tem'’s coaxial-cable and radio-relay
system as it exists now. While not
shown separately, some parts of the
routes use microwave relay and other
seetions use. coerdl) palblle, Bk @ Fia. 1-26. A radio relay tower used for
ample, the lmk. betwct'en Boston and the reception and transmission of televi-
New York consists entirely of micro- sion signals.
wave-relay stations, while from New
York, southward and westward, there is coaxial cable. There is a micro-
wave-relay system between New York and Chicago to supplement the
coaxial cable between these two cities. Other systems besides the Bell
System are in operation, but the latter is the most extensive.

The allocation of channels for television broadcasting, as it now stands,
is shown on page 39.

When television allocations were first made in 1946, 13 channels were
assigned to television broadecasting. These included the 12 VHF channels
listed on page 39 plus channel 1 at 44 to 50 me. At the same time, nongovern-
ment fixed and mobile radio services were permitted to share television chan-
nels 1 through 5 and 9 through 13. However, it did not take long to demon-
strate that sharing was impractical because of serious interference to
television reception. It was then decided to allot channel 1 entirely to non-
government fixed and mobile services and to eliminate sharing of television
channels 1 through 5 and 9 through 13.
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* Channel
Channel Freq. (mc
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. (mc) No. Freq. (mc) No. Freq. (me)
14 470-476 38 614-629 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 T76-782
18 494-500 42 638-644 66 782-783
19 500-506 43 644-650 67 788-791
20 506-512 44 650-656 68 791-800
21 512-518 45 656-662 69 800 -806
22 518-524 46 662-668 70 806-812
23 524-530 47 668-674 71 812-818
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 5l 692-698 75 836-842
28 554-560 52 608-704 76 842-848
29 560-566 53 704-719 77 848-851
30 566-572 54 710-716 78 854-860
31 572-578 55 716-722 79 860-866
32 578-584 56 722-728 80 866-872
33 584-59) 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

The UHF band, containing channels 14 to 83, was opened to commercial
broadecasting on July 1, 1952 and a number of stations are now operating in
this band.

FM for Audio Transmission. When standards were established for
commercial television broadcasting, it was directed that FM was to be
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used for the audio portions of the television signal, and amplitude modu-
lation for the video portion of the signal. FM for the audio offers noise-
free reception and higher fidelity because of the possible use of audio fre-
quencies up to 15,000 cycles. This type of modulation, however, has been
found to give poorer results for the video signal, and amplitude modulation
has been retained for two reasons.

Let us consider, for example, an antenna receiving two waves from the
same transmitter. One ray traveled directly from transmitter to receiver,
while the other ray (which we shall call “the reflected ray”) arrived at the
receiver by a longer, more indirect path. This could have occurred if the sec-
ond ray was moving in some other direction, hit an obstacle in its path, and
was reflected toward the rcceiving antenna. Because the reflected ray trav-
cled a longer path to reach the receiving antenna, it arrived a small frac-
tion of a second after the direct ray. During the interval between received
rays, the electron beam traveled a short distance across the fluorescent
screen. The end result is two similar images, slightly disptaced with relation
to each other. This condition is known as “ghosts’” and occurs when AM is
used. The same situation with FM also produces a ghost image, but the two
contrasts are more prominent and prove morc distracting than the ghost
images of AM.

Another advantage of AM over FM for the video signal is the better
synchronizing action observed. When there are several paths that a signal
may follow in reaching the receiving antenna, or when there are other types
of interference, the synchronizing pulses tend less to become obliterated in
the AM signal. Loss of the synchronizing pulses means no control of the
motion of the electron beam as it moves across the screen. The image, under
this condition, would appear streaked at points where the synchronizing
action was lost.

The distance over which the signal can be transmitted directly is the
same, whether FM or AM is employed. Frequency, and only frequency, is
the determining factor. As explained in Chapter 2, the usable range at these
high frequencies is governed by the height of the receiving and transmitting
antennas above the ground.

QUESTIONS

1. Why do television receivers have more panel controls than sound receivers?

2. What is a fine-tuning control? Why is it necessary in most television
receivers?

3. What are some of the desirable characteristics that an image should possess?
Explain each briefly.

4. a. Draw a block diagram of a split-sound television receiver. b. Where do
intercarrier and split-sound television receivers differ?
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5. Of what does a complete television signal consist?

6. State briefly the function of each stage in a television receiver.

7. What is the purpose of synchronizing pulses?

8. Name three types of television cameras. Explain briefly the operation of
one of these tubes.

9. Define scanning. What type of scanning is standard today? Why?

10. Define frame frequency, field frequency, and line frequency. Give values
for each.

11. What would happen to the receiver image if blanking voltages were not
employed in the video signal?

12. Discuss negative and positive picture polarity.

13. How do English and American television signals differ? What effect does
this difference have on the reproduced image? What would happen if an American-
made receiver received English television signals?

14, Explain why video signals require wide frequency bands.

15. What effect does the bandwidth of the television signal have on the form of
the final transmitted signal? Explain.

16. List all the VHF channels currently assigned to television broadeasts, giving
frequencies in each instance. How many UHF channels are there?

17. What is the visual effect of a loss of high video frequencies? Low video
frequencies?

18. Why is FM employed for sound transmission and AN for video-signal
transmission ?

19. What relationship exists between flicker and the method employed for
scanning?

20. Discuss in detail the motion of the eleectron beam in interlaced scanning.

21. How is horizontal syvnchronization maintained while the vertical pulses are
active? What is this called?

22. What is the horizontal-scanning frequency ? The vertical-scanning frequency ?
Explain how each figure is arrived at.

23. What is meant by vestigial side-band transmission? How does this differ
from the type of transmission employed in standard broadeast practice?

24. Are relay stations neccssary for television transmission? Where are relay
stations useful ?

25. List the video front-pancl controls that are generally used in commereial
television receivers. State their funetion briefly.

26. Why must amplifiers be included with a eamera unit?

27. Draw two lines of a complete video =ignal including two blanking and syne
pulses. Draw the video in positive picture phase.

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

29. What is the time, in microseconds, for one complete horizontal line?




CHAPTER 2 '

High-Frequency Waves and the
Television Antenna

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-tube 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 manmade sources of in-
terference.

In sound receivers, a certain amount of interference and distortion is
permissible. If not excessive, reception of the broadcast is satisfactory. For
television, however, the standards are more strict, and added precautions
must be taken to guard against almost every type of interference and dis-
tortion. Hence, the need for more elaborate antenna receiving systems.

The position of the antenna must be chosen carefully, not only to give
additional signal strength, but to avoid the appearance of so-called “ghosts”
on the image screen which are due to the simultaneous reception of the same
signal from two or more directions. For an explanation of this form of inter-
ference, refer to Fig. 2-1, in which a television dipole antenna is receiving one
signal directly from the transmitting tower, while another ray strikes the
same antenna after following a longer, indirect path. Reflection from a
building or other large object could cause the indirect ray to reach the
antenna.

Because of the longer distance the rcflected ray travels, it will arrive
a small fraction of a second later than the direct ray. With sound receivers,
the ear does not detect the difference. On a television screen, the scanning
beam has traveled a short distance by the time the reflected ray arrives at

42
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Fi6. 2-1. The reflected ray and the direct ray arrive at the receiving antenna and
form double images, or “ghosts.”

the receiver. Hence, the image contained in the reflected ray appears on the
screen displaced a short distance from similar detail contained in the dircet
ray. The result is shown in Fig. 2-2. When the effect is pronounced, a com-
plete double image is obtained and the picture appears blurred. To correct
this condition, it is necessary to change the position of the antenna until only
one ray is received. 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 signal will always be received.

Fis. 2-2. A “ghost” image on a television viewing screen.
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The placement of the antenna is generally the most difficult operation of
a television installation. To obtain optimum results, it is necessary for the
serviceman or other person erecting the antenna to have a good understand-
ing of the behavior of radio waves at the high frequencies.

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 radiator. The former is
known as the “ground wave,” the latter as the “sky wave.” At the low fre-
quencies, up to approximately 1,500 ke, 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 all exten-
sive communication is carried on solely by means of the sky wave.

The sky wave leaves the earth at an angle that may have any value
from 3 to 90 deg, and travels in almost a straight line until the ionosphere
is reached. This region, which begins about 70 miles above the surface of the
carth, 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 complete (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 increases,
a smaller entering angle is necessary in order for complete bending to occur.
As an illustration, consider waves A and B in Fig. 2-3. 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, heads outward,
however, because its initial entering angle was too great. Naturally, the lat-
ter wave would not be useful for communication purposes.

By raising the frequency still higher, the maximum 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
to 40 mc. Above such frequencies, the sky wave is useless so far as radio
communication is concerned. Only the direct ray is of any use. Television
bands starting above 40 mc fall into this category. By direct ray (or rays),
we mean the radio waves that travel in a straight line from transmitter to
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receiver. Ordinarily, at lower frequencies, the radio waves are sent to the
ionosphere and from there to the receiver at a distant point. With high fre-
quencies, the ionosphere is no longer uscful, so the former sky waves must be
concentrated into a path leading directly to the receiver. If not intercepted
by the receiver, they finally strike the ionosphere and are lost. It is this re-
striction to 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 concen-
trations of charged particles in the ionosphere to increase sharply. At these

THE IONOSPHERE

FiG. 2-3. At the higher frequencies a radio wave must enter the ionosphere at small
angles if it is to be returned to earth.

times, it is possible to bend radio waves of frequencies up to 60 me. 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 the
distant reception of high-frequency signals that may occur.

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 resolves itself into
finding the maximum distance from the transmitter where the receiver can be
placed and still have its antenna intercept the rays. This distance may be
computed as follows.

In Fig. 2-4, let the height of the transmitting antenna be called A, the
radius of the earth R, and the distance from the top of the antenna to the
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Fia. 2-4. Computation of the line-of-sight distance for high-frequency radio waves.

horizon d. These give us a right triangle. From elementary geometry it is
possible to write the following equation:

(R +h)* = R*+ d = R + 2Rh, + h2

Since A, is very small compared with the radius of the earth, the h,? term
may be neglected. This leaves

d* = 2Rh,

The value of R is approximately 4,000 miles. Substituting this value in
the above equation, and changing &, from miles to fect, we obtain

d = 1.23Vh,

where d is in miles, &, is in feet. The relationship between d and h, for vari-
ous values of A, is shown in graph form in Fig. 2-5.

The coverage for any transmitting antenna will increase with its height.
The number of receivers capable of receiving the signals will likewise in-
crease. This fact accounts for the placement of television antennas atop tall
buildings (for example, the Empire State Building, New York City) and on
high plateaus.

The signal range thus computed is from the top of the transmitting an-
tenna to the horizon. By placing the receiving antenna some distance in the
air, it should be possible to cover a greater distance before the curvature of
the earth again interferes with the direct ray. Such a situation is depicted in
Fig. 2-6. By means of simple geometrical reasoning, the maximum distance
between the two antennas now becomes

d = 1.23(Vh, + Vh)

where A, is the height of the receiving antenna in feet.

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. All of these other rays are
undesirable because they tend to distort and interfere with the direct-ray
image on the screen. One method, reflection from surrounding objects, has
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Fie. 2-5. 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.

already been discussed. Another ray may arrive at the receiver by reflection
from the surface of the earth. This path is shown in Fig. 2-7. At the point
where the reflected ray impinges on the earth, phase reversals up to 180
deg have been found to occur. This phase shift thus 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, compensating conditions that act against the de-
crease due to the ground-reflected ray. One is the weakening of the wave
strength by absorption at the point where it grazes the earth. The other re-
sults from the added phase change (not that just mentioned) arising from the
fact that the length of the path of the reflected ray is longer than that of the

Recelving

N antenna
hy

Fig. 2-6. 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. 2-7. The reflected radio wave, arriving at the receiving antenna after reflection
from the earth, may lower the strength of the direct ray considerably.

direct ray. Thus there is a ground-phasc shift plus whatever else may have
been added because of the longer distance. All combine to lower the direct-
ray strength less than would at first be expected.

It has further been observed that the received signal strength increases
with the height of either antenna or both. For television signals, this increase
1s most important. Placement of the antenna and utilization of its directive
properties help in decreasing (and many times in eliminating) all but the
desired direct wave.

Wave Polarization. The height of the antenna is important, but the
manner in which it is held, either vertically or horizontally, must also be
considered. The position of the antenna is affected by the nature of the
electromagnetic wave itself,

All electromagnetic waves have their energy divided cqually 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 wavefront would appear as in Fig. 2-8. The
fields represent the wave; the arrows the direction in which the forces are
acting. The mode of travel of these waves in free space is always at right
angles to both fields. As an illustration, if the lines of the electric field are

/Electrlc lines of force
A \\AA\\\\{\}

—> Elsctromagnetic
lines of force

I, 7

Fic. 2-8. The components of an electromagnetic wave. The wave travels at right
angles to the lines of force. In this illustration direction of travel is forward, out
of the paper.
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vertical and those of the magnetic field are horizontal, the wave travels
forward.

In radio, the sense of a radio wave has been taken to be the same as the
direction of the electric 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 radi-
ates a horizontally polarized wave. Experience has revealed that the great-
est signal is induced in the receiving antenna if it has the same polarization
(is held in the same manner) as the transmitting antenna.

Concerning the relative merits of horizontal versus vertical polarization,
it has been found that, for antennas located close to the earth, vertically
polarized rays yield a better signal. On raising the receiving antenna about
one wavelength above ground, this difference generally disappears and
either type may be employed. Further increase in height, up to several
wavelengths, has shown that the horizontally polarized waves give a more
favorable signal-to-noise ratio and arc desirable. In television, the wave-
lengths are short and the antennas are placed several wavelengths in the air.
Hence, horizontally polarized waves have been taken as standard. All tele-
vision receiving antennas are mounted in the horizontal position.

Tuned Antennas.* The need for good signal strength at the antenna
has led to the general use of tuned-antenna systems. A tuned antenna,
which is a wire cut to a specific length, is equivalent in its properties to any
resonant circuit. The radio waves passing the antenna will induce voltages
along the wire. For equally powered waves, the maximum voltage is de-
veloped when its resonant frequency is equal to that of the passing wave. A
large signal at the antenna means a greater input to the receiver.

Half-wavelength Antennas. An ungrounded wire which is cut to
one-half the wavelength of the signal to be received represents the smallest
length of wire that can be made to resonate at that frequency. The half-
wavelength antenna is the most widely used since it represents the smallest
antenna for its frequency and consequently requires the least amount of
space. In troublesome areas it may be necessary to erect more elaborate ar-
rays possessing greater gain and directivity than the simple half-wave an-
tenna. They are, however, more costly.

A simple half-wave antenna is erected and supported as indicated in
Fig. 2-9. Metallic rods are used for the antenna itself, mounted on the sup-
porting structure and placed in a horizontal position (parallel to the ground).
Each of the rods is one-quarter of a wavelength, the total equal to the
necessary half-wavelength. In this arrangement, which is also known as a
“dipole antenna,” the transmission lead-in wire is connected to the rods, one
wire of the line to each rod. The line then extends to the receiver. Care must

* UHF antennas will be considered separately in Chapter 18.
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Fic. 2-9. Dipole-antenna assembly used extensively for television receivers.

be taken to fasten the line at several points to the supporting mast with
stand-off insulators so that it does not interfere with the operation of the
antenna. Fastening the line also prevents it from flapping back and
forth in the wind. Any such motion could weaken the connections made at
the rods.

When the properties of a dipole antenna are investigated, it is found that
signals are received with greatest intensity when the rods are at right an-
gles to the approaching signal. This arrangement is illustrated in Fig.
2-10(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. 2-10(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, the strong-
est signal would 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 deg) the received signal voltage is at a minimum (or
zero). By inspection of the graph the reader can determine the reception 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 “bidirec-
tional.” Other systems can be devised that are unidirectional or nondirec-
tional, or that have almost any desired properties. For each system, a re-
sponse curve quickly indicates its properties in any direction.

As stated, an antenna must be tuned in order to have the strongest signal
develop along its length. Hence it becomes necessary to cut the wires (or




HIGH-FREQUENCY WAVES AND THE TELEVISION ANTENNA

’”

@reatest

slgnal
reception

Least

signal reception

\ To recelver

@reatest

slgnal
reception

51

Fic. 2-10(A). Dipole antennas of the type shown receive signals best from the

directions indicated.

rods) to a specific length. The length will vary with each different fre-
quency, longer at the lower frequencies and shorter at the higher frequencies.
It might be supposed, then, that a television set capable of receiving signals
with frequencies ranging from 54 to 88 mc would need several antennas, one

260

Fic. 2-10(B). The directional response curve of a dipole antenna.
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280
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for every channel. It is not necessary, however, to go to such extremes; in
practice, one antenna is sufficient, if tuned to a middle frequency.

Antenna-length Computations. With the foregoing range of fre-
quencies, a middle value of 65 mc might be chosen. While an antenna cut
to this frequency will not give optimum results at the other bands, the
reception will still be quite satisfactory.

To compute the length needed for the 65-me frequency half-wave an-
tenna, the following formula is used:

468
Lin feet = f——

With f set equal to 65 mc, the length would be equal to 4685, or 7.2 feet.
Practically, 7 feet might be cut, with each half of the half-wave antenna
3.5 feet long. For a full-wavclength antenna, approximately 14 feet are
needed. In congested areas, antenna length must be as short as possible,
and only half-wave-antenna systems are gencrally found. At the present
time, most television stations are located in urban areas in order to reach the
greatest number of sets. Emphasis, then, is on short antennas, such as the
half-wave type. If longer lengths are desired, the equation should be modi-
fied by the proper factor. A full-wavelength antenna requires a factor of 2;
a wavelength and a half requires a factor of 3, cte.

Half-wave Dipole with Reflector. The simple half-wave system pro-
vides satisfactory rceeption in most locations within reasonable distances
of the transmitter. However, the signals reaching reccivers situated in out-
lying areas are correspondingly weaker, and 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 dircetivity
and provide better discrimination against interference.

A simple yet effective system is shown in Fig. 2-11. The two rods are
mounted parallel to each other and spaced about .15x-.251 apart. The ac-
tion of the second wire, which is not connected, is twofold. First, because of
its position, it tends to concentrate signals rcaching the front wire. Second,

492
“468
REFLECTOR f‘mc
RCTOR %
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f‘mc RECEIVER

Fic. 2-11. Dipole receiving antenna and reflector.
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it shields the front antenna from waves coming from the rear. The gain of
the array is gencrally 5 db greater than that obtainable from a single half-
wave antenna.

Besides the additional gain that is observed with this 2-wire systen,
Fig. 2-12 shows that the angle at which a strong signal may be received

260 270 280

Fic. 2-12. The directional response curve for a half-wave antenna with a reflector.

now is narrower. This is also advantageous in reducing the number of
reflected rays that can affect the antenna. Finally, partial or complete
discrimination is possible against interference, manmade or otherwise. (The
curve in Fig. 2-12 is an ideal representation. The response curve of an
actual array would have small lobes extending in the direction of the reflec-
tor, which indicates that reception of signals approaching the array from
the rear can occur, although to a considerably less extent than signals arriv-
ing from the front.)

Dipoles with Reflector and Director. Additional gains and directivity
can be obtained from a dipole if, besides the reflector, a director element is
added. See Fig. 2-13. Like the reflector, the director is merely a rod or wire
to which nothing is attached. Unlike the reflector, however, its length is
slightly less than that of the dipole and it is positioned in front of the dipole.
When the dipole is placed broadside to the direction of the incoming signal,
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the director is the first element of the combination to intercept the oncom-

ing signal. The director picks up part of the signal and then reradiates this

signal with such a phase relationship that

it strengthens any signal arriving from the

\ front of the array and partly cancels any

signal reaching the antenna from the rear.

The net result of this action is to make the

forward response of the dipole more direc-

REFLECTOR tive, and to reduce the ability of the array

to pick up signals reaching the unit from
the rear.

In general, then, the reflector has its
greatest effect in reducing the response of
an antenna to signals approaching it from the rear, whereas directors pro-
duce their greatest effect by increasing the directivity of an antenna to
signals approaching it from the front.

Other Antennas. An antenna widely used by servicemen and recom-
mended by television-receiver manufacturers is the folded dipole shown in
Fig. 2-14(A). This antenna consists principally of two dipole antennas con-
nected in parallel with each other. The separation between the two sections
is from 3 to 5 in. The folded dipole has the same bidirectional pattern as
the simple dipole and approximately the same gain. The input impedance
is now 300 ohms (at the frequency for which it was cut) against 72 ohms
for the simple dipole. However, the response of a folded dipole is more
uniform over a band of frequencies than that of the simple dipole.

The directivity of the folded dipole can be increased by the addition of a
reflector. See Fig. 2-14(B). The unit now possesses the same directional
pattern as the simple dipole with reflector. The length and spacing of the
reflector can be determined by the formulas previously given for the simple
dipole and reflector.

In the remaining illustrations of Fig. 2-14, other popular types of tele-
vision antennas are shown. Nearly all of these are elaborations of the basic
dipole or folded dipole. In Fig. 2-14(C), we have 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.) 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
transmission line. Each conductor of the lead-in line to the television receiver
is attached to a conductor of this connecting transmission line at a point
midway between the dipoles. A reflector is mounted behind each dipole.

In Fig. 2-14(D), there are two folded dipoles, with reflectors, mounted
one above the other. The upper dipole is cut for a resonant frequency ap-

DIRECTOR

Fic. 2-13. A dipole with reflector
and director.
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F1c. 2-14. Types of popular television receiving antennas.
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proximately in the center of the upper VHF-TV band (174-216 me), and the
longer folded dipole is resonated at the center frequency of the lower tele-
vision band. A short length of 300-ohm transmission line connects the upper
dipole to the lower. From the lower antenna, a 300-ohm line feeds the sig-
nals to the receiver. With this assembly, each antenna can be oriented inde-
pendently for best reception from stations within its band, providing the re-
ceiver with good coverage on both bands. Figure 2-14(E), is essentially the
same arrangement as Fig. 2-14 (D), 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 the array in Fig. 2-14(D). Independent
orientation of each folded dipole is not possible in the array of Fig. 2-14(E).
The unit in Fig. 2-14(F), is an elaboration of that shown in Fig. 2-14(D).

The antenna of Fig. 2-14(G) contains a folded dipole with one reflector
and three directors. It is known as a “yagi” array and possesses sharp uni-
directional directivity. This high-gain antenna is generally employed in low
signal areas. Because of its sharp directivity, it must be carefully positioned.

The final array, shown in Fig. 2-14 (H), is one which has been extensively
used because of its ability to receive low and high VHF band signals. The
front elements are bent or veered forward, while the rear elements (the
reflectors) generally extend straight out. Because of the shape of the front
elements, the response pattern contains only one major lobe on all channels
(as shown in Fig. 2-12). This response is an improvement over the conven-
tional 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 fre-
quencies will have a poor response on the low channels. With the conical
antenna, one array suffices for all VHF channels.

Conical antennas may come either singly or stacked two or four high. The
same is true of most other antennas. In installations within 10 miles of the
transmitter, the simple dipole and the folded dipole, each aided perhaps with
a reflector, will frequently prove completely satisfactory. Beyond 10 miles,
stacked arrays are generally required. Conditions, of course, will vary in
different localities and no set rule will always work. But, as a start, the
technician can follow the foregoing suggestions.

Fringe-area Antennas. In fringe areas where the signal level is exceed-
ingly low, high-gain antenna arrays are needed. Since the gain of an antenna
increases with the number of elements it possesses, fringe-area arrays have
many more elements than the antennas used where the signal is strong. A
representative group of high-gain antennas is shown in Fig. 2-15. The power
gain of each is at least 10 db, and with some it reaches 15 db or more. Most
high-gain combinations are sharply directional; hence, each must be care-
fully aimed, otherwise the captured signal will be much lower than it eould be.
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Table 2-1 reviews the properties of the basic television antennas, together
with their dimensions.

After the antenna has been chosen, the following points should be kept
in mind before installing it:

1. The higher the antenna, the stronger the signal received.

2. The antenna should be set-tested with an actual connection to its
receiver before the supports are fixed in place permanently.

| e .

Fic. 2-15. Four representative high-gain an signed specifically for

weak-signal (fringe) areas.

3. When more than one station is to be received, the final placement of
the antenna must, of necessity, be a compromise. In extreme cases, it may
be desirable, or even necessary, to erect several antennas.

Indoor Antennas. In strong signal areas it is entirely feasible to use an
indoor antenna for signal reception if the receiver is sufficiently sensitive.
These antennas come in a variety of shapes, some of which are shown in
Fig. 2-16. Types A, D, E, and G have selector switches which can modify
the response pattern and raise the frequency of the antenna so as to mini-
mize interference and ghost signals. Generally, the switch is rotated (with
the antenna connected to a receiver and a signal being received) until the
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TaBLE 2-1. Characteristics of common television antennas.

APPROXIMATE GAIN
ANTENNA TYPE CHARACTERISTIC | DIRECTIVITY DIMENSIONS [COMPARED TO DIPOLE]
IMPEDANCE
{ohms] (feet) db voltage
Plain dipole 72 Bi-directional; _— - Unity
broadside % /
to elements é“
Folded dipole 300 Bi-directional; P - Unity
broadside ad
to elements wd
Dipole and reflector 50 Uni-directional; 5 1.78
broadside
to radiator
Folded dipole and re- 250 Uni-directional; ] 1.78
flector broadside
to radiator
Dipole, reflector, and 25 [ Uni-directional; 1 2.24
director broadside
to radiator
Folded dipole, reflector 100 Uni-directional; 7 2.24
and director broadside
to radiator
Stacked dipoles 40 Bi-directional; 1 1.78
broadside
to elements
Folded stacked dipoles 150 Bi-directional; 5 1.78
broadside
to elements
Stacked dipoles and re- 25 Uni-directional; 10 3.16
flectors broadside
to elements
Folded stacked dipoles 100 Uni-directiona); 10 3.1
and reflectora broadside
to elements

best picture is obtained on the screen. With the exception of the unit shown
in Fig. 2-16(C), the dipole rods can be adjusted in length and position for
best reception. When not in use, the rods can usually be telescoped.

In Fig. 2-16(H), the antenna is mounted directly on the back of the
receiver. Its swivel base permits it to be manipulated into a number of posi-
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Fig. 2-16. Types of indoor TV antennas.

tions in order to capture the best possible signal. When not in use, the arms
are telescoped inward and then turned down behind the receiver cabinet.
Multiple-set Couplers. It is not unusual to find that many homes and
apartments have more than one television set, and it is desirable to use the
signal provided by one antenna array for all these receivers. This arrange-
ment can be made with 2-, 3-, or 4-set couplers. See Fig. 2-17. The lead-in
from the antenna is connected to the input terminals of the coupler; the
signal is then split into 2, 3, or 4 parts
0

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 re-
ceive less signal than it would receive
if it were connected directly and I[l[P
solely to the antenna. However, in
medium and strong signal areas,
enough signal power is available to
provide completely satisfactory sig-
nals for each receiver. In weak signal
areas, separate antennas may be re-

@ " JF0 MANUFACTURING €0 INC
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” s Fic. 2-17. A 2-set coupler which enables
quired or a master-antenna distribu- one antenna to supply a television sig-

tion system employing special high- nal to two receivers.
frequency preamplifiers may be re-
quired. The latter method is more expensive, but it can provide signals to
an almost unlimited number of receivers.

Transmission Lines. With the antenna system in position, the trans-
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mission line that conducts the signal from the antenna to the receiver is
considered next. Although many differently constructed transmission lincs
have been designed, only two general types find any extensive use in tele-
vision installations: the parallel-wire types and the concentric or the coaxial
cable.

From the standpoint of convenience and cconomy, one antenna should be
capable of receiving all the VHF television stations. It should have, there-
fore, a fairly uniform response of 54 to 216 me. A resonant dipole presents
an impedance, at its center, of 72 ohms. To obtain maximum transfer of
power, the connecting transmission line should match this value. However,
when we attempt to use the same dipole for a band of frequencies, we find
that the 72-ohm value is no longer valid. A dipole cut for 50 mc presents a
72-ochm impedance. At 100 mc, the impedance has risen to 2,000 ohms. It is
clear that the best transmission-line impedance is no longer 72 ohms, but a
higher value which will serve as a compromise. It is desirable to usc as high
an impedance value as possible, because line loss is inversely proportional
to characteristic impedance. On the other hand, such factors as the size of
line and wire gage must also be considered. It is current practice to design
the input circuit of the television rceeiver for a 300-ohm transmission line.
It has been found that a 300-ohm line used with a half-wave dipole produces
a broad-frequency response without too great a loss due to mismatehing,.
A folded dipole has an impedance close to 300 ohms at its resonant fre-
quency, and a much more uniform response is obtained with this antenna.

The flat, parallel-wire transmission line shown in Fig. 2-18(A), is probably
the most popular lead-in line in use today. The wires are encased in a
plastic ribbon of polyethylene which is strong, flexible, and unaffected by

(A) Parallel-wire line (unshiclded)
(B) The 300-ohm tubular lead-in line

(C) Airlead

(D) Open-wire line

TR Al

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

Fic. 2-18. Types of popular transmission lines used for FA and television installations.
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sunlight, water, cold, acids, or alkalis. At 100 mc, the line loss is on the
order of 1.2 db per 100 ft of line. Its characteristic impedance ranges
from 75 ohms to 300 ohms. The line is balanced, which means that both
wires possess the same average potential with respect to ground. It is, how-
ever, unshielded and therefore not recommended for use in extremely noisy
locations.

A companion tubular twin-lead line is also available, shown in Fig.
2-18(B), which, while somewhat more expensive than the flat twin-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 its attenuation. Thus, at 100
mc, flat and tubular lines under dry conditions possess equal attenuations of
1.2 db. When wet, however, the loss on a flat line rises to 7.3 db, whereas
that on a tubular line is only 2.5 db. In strong signal areas this loss might
not be important, but imagine what it would do to a picture in a weak signal
area.

A third type of parallel-wire line is shown in Fig. 2-18(C). Known com-
mercially as “airlead,” it has 80 per cent of the polyethylene webbing re-
moved, which is said to reduce the loss, or db attenuation, by at least 50
per cent. Line impedance is still 300 ohms.

The fourth parallel-wire line, shown in Fig. 2-19(D), is one which is
completely open, being held together by small polystyrene spacers placed
approximately 6 in. apart. The attenuation of this line is only of the order
of 0.35 db per 100 ft. at 100 me. It is relatively unaffected by changes in
weather. Impedance of this line is 450 ohms.

A parallel-wire transmission line that is completely shielded is shown in
Fig. 2-18(E). The two wires are enclosed in a dielectric, possibly poly-
ethylene, and the entire unit is shielded by a copper-braid covering. As a
protection against the elements, an outer rubber covering is used. Ground-
ing the copper braid converts it into a shield which prevents any stray inter-
ference from reaching either conductor. Furthermore, the line is balanced
against ground. It can be built with impedance values ranging from 50 ohms
up, but a 225-ohm line has found greatest use in television installations.
Attenuation of this line is 3.4 db at 100 mc and this is considerably 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 surround-
ing noise is particularly severe.

The final transmission line is the coaxial, or concentrie, cable shown in
Fig. 2-18(F). It contains an insulated center wire enclosed by a concentric
metallic covering which generally is flexible copper braid. The inner wire
is kept in position by a solid dielectric chosen for its low-loss properties. The
signal carried by the line is confined to the inner conductor, with the outer
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copper-braid conductor grounded so as to serve as a shield against stray
magnetic fields. This arrangement causes the line to be unbalanced, and the
input coil of the receiver must be connected accordingly. 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. 2-19. For a balanced line, the input coil is center-tapped

~~DIPOLE ANTENNA

TWISTED WIRE

— LEAD-IN

X TO
[~ RECEIVER

N

Y

—
Iz TO
% 7T~ RECEIVER
(a) (8)

BALANCED UNBALANCED
Fic. 2-19. Methods of connecting lead-in wires to the input coil of a receiver.

and grounded at this tap. Stray fields, cutting across both wires of a bal-
anced line, induce equal voltages in each line. The similar currents that
flow because of the induced voltages are in the same direction on the two
conductors of the line and neutralize each other.

Antenna Installation. A complete installation is illustrated in Fig.
2-20(A). Stand-off insulators should be mounted on the side of the build-
ing to prevent the transmission line from rubbing against the wall. It is
good practice, also, to install a lightning arrester at the point where the line
enters the building. See Fig. 2-20(B). The other ends of the arrester should
be connected securely to an iron pipe sunk into the earth. From the light-
ning arresters, the transmission line is led into the building to the receiver.

Lightning Arresters. Since the outdoor TV antenna is a slender rod that
usually extends above the level of a roof of a building and therefore repre-
sents the highest point at that location, it is good practice to install a
lightning arrester at the time the antenna itself is being installed. The thin,
pointed antenna rods are especially attractive to the static charges contained
in thunder clouds and are more vulnerable to a sudden disrupting discharge
than the large, relatively flat surfaces of the building. The antenna thus
serves as a focal point for lightning flashes, and a lightning arrester is worth
its weight in gold as a protector of the set, the property, and human life.

Lightning arresters come in several different forms, some of which are
shown in Fig. 2-21. In the unit shown in the upper right-hand corner, there
are two-minute spark gaps. The transmission line (twin lead) is placed in a
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Fic. 2-20. An antenna installation for a television receiver. The ground from the
lighting arrester should be as short and direct as possible.

Fic. 2-21. Several types of lightning arresters.
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groove along the top of the arrester. At one end of this groove is a clamp

" which, when fastened down tightly by its holding nut, grips the polyethylene

covering the twin lead in close proximity to the 1-wire conductor. There is a
similar arrangement at the opposite end of the groove, where another clamp
is positioned near the other twin-lead conductor.

A heavy wire is run close to each clamp, with the separation between
the heavy wire and the clamp constituting the spark gap. The wire is then
run to ground and represents the discharge path. Any electrical charge
which accumulates on the transmission line can, when it becomes strong
enough, jump across the gap at each clamping screw and be conducted down
to ground.

Other types of lightning arresters contain neon gas, neon bulbs, or high-
valued static draining resistors. Availability and price generally determine
which type is used by any service company.

The best place to install a lightning arrester is outside the house or build-
ing at the point where the transmission line enters the structure. A good
position for the arrester is underneath a window ledge where it will be
partly out of sight.

The ground lead from the arrester should be connected securely to a
stake driven into the earth at the foot of the structure. In place of a stake,
a cold-water pipe may be used. The grounding lead should be attached to
the pipe or stake by means of a ground clamp, and the connection should
be made as close as possible to the point where the pipe enters the earth.
Use wire size no. 10 or larger for the grounding leads. If the distance from
the lightning arrester to the ground is long, the grounding lead should
preferably be kept away from the structure by means of supporting insula-
tors.

Many servicemen ground the antenna mast since the mast will also at-
tract lightning static discharges. When the mast is on the roof, grounding is
usually achieved by fastening it to one of the vent pipes that extend above
the roof level. In most instances, no harm will come from this procedure,
but it does not afford maximum safety. It is more desirable to run a heavy
insulated wire from the mast down to the ground; it is generally not
wise to run static-discharge conductors through the house itself.

QUESTIONS

1. Why are antennas more important to television receivers than to standard
AM broadecast receivers?

2. What happens if the same signal is received from several directions? What
is this called ?

3. What is the importance of the ionosphere in signal transmission?
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4, What factors determine whether or not radio waves are returned to carth
from the ionosphere?

5. How are television signals sent? Explain.

6. What is the horizon distance for a television antenna mounted atop a tower
450 ft high?

7. How much is the above distance increased if the antenna is raised an addi-
tional 100 ft?

8. A receiver is located 30 miles beyond the horizon distance computed in
Question 6. How high should the receiver antenna be raised to receive signals
from this transmitter?

9. What is meant by wave polarization? Ilow docs it affect the installation of
a television receiving antenna?

10. What are the disadvantages of using any length of wire for the reception of a
television signal?

11, Indicate the materials required to construct and erect a half-wave dipole
antenna.

12. A half-wave antenna is to resonate at 70 me. What should its overall
length be?

13. How are the directional characteristies of antennas obtained ?

14, Name and sketch five different types of antennas that could be employed to
receive television signals.

15. What precautions must be observed in chooxing and installing a transmission

16. Name and deseribe four types of transmission lines.

17. Where could each type of line be used? Give reasons for cach choice.

18. Define antenna gain and antenna directivity.

19. Must a signal always be received dircetly from the transmitter to be useful ?

20. A half-wave dipole antenna designed for 80 me is to be used on 192 me. By
how much should it be altered ?

21. Tllustrate a balanced- and an unbalanced-input system.

22. In what respects do high-gain antennas differ from antennas employed to
pick up strong, local signals?

23. Describe the construction of a lightning arrester. Where should one be posi-
tioned ?

24, What can be done to use a single array to feed adequately more than one
receiver?




CHAPTER 3

Wide-Band Tuning Circuits—RF
Amplifiers

The Bandwidth Problem. The television signal occupies a 6-mc band-
width 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-me 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.

Ordinary Tuning Circuits. A single coil and capacitor, connected as
shown in Fig. 3-1(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. 3-1(B). At frequencies
below the resonant frequency, the parallel combi-
nation acts as an inductance with a lagging cur-
z rent, and the 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
Fig. 3-1(A). A parallel tun-  the resonant point, capacitive and inductance re-
ing circuit. The response ,.tances cancel each other, the impedance be-
cu;}zgwxflogn tI};:; ;x_rlc(u];t) s coming‘ high. and wholly resistive.

While Fig. 3-1(B) shows the general shape of
the resonant curve, more specific information is necessary. Hence, in Fig.
3-2, several resonant curves have been drawn, each for a circuit having a
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Fig. 3-1(B). The response curve for the tuning circuit shown in Fig. 3-1(A).

different value of Q. Q, which is the ratio of inductive reactance to coil re-
sistance, 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 @ value, the more selective the re-
sponse of the circuit, and the greater
the voltage developed. While these
factors may be highly desirable, they
are useful only if they do not inter-
fere with the reception of radio sig-
nals. At the broadcast frequencies,
each station occupies a bandwith of
10 ke. Within this region, uniform
response is desirable. However, the
sharply peaked curve of Fig. 3-1(B)
does not produce equal response at
all points within this region. The por-

RESONANT FREQUENCY

IMPEDANCE OF CIRCUIT TQ
INCOMING SIGNAL

-«— | LOWER FREQUENCY HIGHER FREQUENCY —*=

Fig. 3-2. The variation in the response
curve with different values of Q.

tion of the signal exactly at the resonant frequency, for example, would de-
velop a greater voltage across the resonant circuit than those frequencies at
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the outer fringe, plus and minus 5 ke away. A coil and capacitor combination
having a lower @ would give a more uniform response and might be chosen
over one with a higher valuc of Q. Less voltage results from this change, but,
with the advent of high-gain tubes, amplification is not too serious a prob-
lem. The emphasis now can be shifted to fidelity, which is especially neces-
sary for the reproduction of images in television receivers.

Transformer Coupling. Whereas the simple circuit already described
is sometimes used by itself for tuning, a more common combination is
the untuned primary coil inductively coupled to a tuned secondary. See
Fig. 3-3. With this form of coupling, additional gain may result by having
. ore turns in the secondary than in the primary
E -~ coil. The stepped-up voltage applicd to the grid

of the next stage is larger than that obtained with
7é only the single coil and capacitor by a value de-
pendent upon the design of the coils.

8 - The shape of the response curve of the pri-
”  mary circuit depends to a great extent upon the
F16. 3-3. A common form of  degree of coupling between the coils. When the
transformer-coupled tuning o officient, of coupling k is low (i.e., when the coils

circuit used in radio re- . g g
coivers. are relatively far apart), the interaction between
coils is small. The sccondary response curve will

rctain the shape shown in Fig. 3-1(B).

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 sccondary 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 sccondary response
curves. With very close coupling, the secondary response curve may con-
tinue 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. Henee, no matter how close a coupling is effected, the secondary
will retain essentially the same curve shape given in Fig. 3-1.

On the other hand, with two tuned circuits coupled together, such as
IF transformers, the cffect of cach circuit on the other becomes nore pro-
nounced. With close coupling, the familiar double-humped curve of Fig. 3-4
is obtained. The closer the coupling, the broader the curve and the greater
the dip at the center.

For tclevision reception, none of these combinations provides the neces-
sary uniform bandwidth. Loosc coupling produces a curve that is too sharp
and lacking in uniformity over its range. Tight coupling tends to decrease
the voltage of the frequencies near resonance because of the dip. Between
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Fic. 3-4. Close coupling between two tuning circuits produces this type of response
curve,.

these two extremes we may obtain a semblanee of uniform response about
the center point of the curve, but never for a 6-mec spread. However, if a
low-valued resistor is shunted across the coil and capacitor, we can arti-
ficially flatten the curve to receive the necessary 6 me. The cxtent 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 resist-
ance.

One of the undesirable results of increasing the width of a response
curve by the resistor method is the lowered @ that is obtained. As the
value of @ 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.

Special Tubes for Television Receivers. A number of special tubes
have been developed for the RF-amplifier stage in television receivers. These
include pentodes, tetrodes, and triodes. All are of the miniature variety, and
are used not only to achicve compactness in the tuncr, but also because in
a miniature tube, interelectrode capacitance is smaller and the connecting
lcads between the elements and the base pins are shorter. The latter intro-
duces less inductance into the circuit, a factor which is particularly desirable
since the inductance in the tuning network, itself, is small.
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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. These include 6AG5, 6AKS5, 6BC5, and 6CB6. When
these pentodes are used, it is the usual practice to shunt resistors having
values between 1,500 and 10,000 ochms across the tuning circuit to attain the
necessary bandwidth. (The pentode, itself, is not very helpful in this respect
because it possesses a high internal resistance.) Because of the shunting
resistor, however, stage gain is not very high, 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. 3-5,

/Plau ‘resistance

Loading
Tresiator

Heg Loading
“resistor

Cc

(A) : (B)
Fig. 3-5. (A) An amplifier stage and (B) its equivalent circuit.

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 circuit 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 ¢, = mutual conductance of the tube (in mhos)
Z1, = load in output circuit (in ohms).
For a 6AG5 tube, g is 5,000 micromhos. With a plate load of 2,000 ohms,
we obtain
5,000
1,000,000
= 10.
The 5,000 is divided by 1,000,000 to convert it from micromhos to mhos.

Gain

X 2,000
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To obtain more amplification per stage, the mutual conductance of the
tube must be increased. gm, 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 6AG5, 6AK5, 6CB6, and 6BCS.

As an example, the 6AG5 has a mutual conductance of 5,000; the 6AK5
likewise has & gn, of 5,000, and the 6BC5 has a g, of 6,000. Compare these
values with older RF and IF pentode voltage amplifiers, for example, the
6SK7, 6D6, 657, 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 1s
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. Furthermore,
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 in-
coming 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.) What-
ever noise voltage appears at the grid of the RF amplifier is amplified along
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 possible 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 posi-
tive 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 em-
ployed in the RF amplifier.

A triode normally provides less gain than a well-constructed high-fre-
quency pentode. For this reason, special dual triodes have been developed
for use in a circuit known as a “cascode amplifier,” in which the two triodes
are connected in series. In this arrangement they are capable of providing
about as much gain as a pentode. This enables the designer to achieve the
desired -amplificdtion at a lower noise level. Cascode amplifiers will be dis-
cussed at length presently.

Recently, a significant change has taken place in high-frequency triode
construction. In an effort to achieve higher efficiency and reduced plate-to-
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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 6ERS, a tube of this new group, is shown in Fig. 3-6(A). The grid
guides are U-shaped plates which
surround the sides of the grid. By
grounding the plates, a shield is in-
NARROW FRAME  serted between the anode and the
CONSTRUCTION  grid, reducing the capacity between
these elements. In addition, the elec-
D's,"fSé% ghF"Lier%H tron flow fI‘OI’fl cathode to plate is
concentrated into a smaller area,
striking the plate only at an indented
GRID GUIDES . . .
PLATES AT G6ND  section called a “dimple.” This con-
POTENTIAL centration discourages sideway or
CATHODE random travel of electrons, and re-
duces the noise which such undesired
flow produces. Note that the grid-
guide plates do not themselves inter-
cept any electrons traveling from
cathode to plate, hence they are not
basically another element, which is
why these tubes are still considered
triodes. The dimples on the plate
structures permit a closer spacing
between this element and the grid.
This reduces electron transit time, a
desirable feature at VHF.

Higher gain is achieved by the
use of a newly developed frame grid,
which is formed by welding metal cross-braces between sturdy upright grid
supports. This construction makes it possible to wind the grid with very
fine wire under higher than normal tension. The result is a flatter (front-to-
back) overall assembly which permits the grid to be positioned closer to the
cathode. This closer positioning, with the closer spacing between grid wire
turns, enable the grid to exercise considerably greater control over the cur-
rent flow, which, in turn, means a higher mutual conductance.

Tetrodes. High-frequency tetrode tubes, for example, the 6CY5, have
also been developed specifically for use as RF amplifiers in television re-
ceivers. These tubes possess high mutual conductances (on the order of
8,000 to 10,000) and they do not develop much more internal noise than
triodes. The high g,. is achieved by using fine (8-mil) wire for the control
grid; the low noise level is partly duc to the fact that the plate takes con-

(8}

F16. 3-6(A). Internal view and schematic
symbol of 6ER5 RF triode.
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siderably more current than the screen grid (approximately in the ratio of
7:1). Since current division is one of the governing factors of internal noise
in a tube, the relatively small percentage of the total current captured by
the screen grid helps to keep the noise level low.

One of the principal reasons why tetrodes have been generally avoided in
all types of circuits in the past has been their tendency to produce more
current flow in the screen-grid circuit than in the plate circuit for certain
low values of plate voltage. The oncoming cathode electrons strike the
plate electrode with sufficient force to dislodge several electrons from the
plate structure for each arriving cathode electron. Because of the close
proximity of the screen-grid wires and their higher positive voltages, these
clectrons are drawn to the screen grid rather than to the plate, with the
result that more current flows in the screen-grid circuit than in the plate
circuit. The effect of this is to present a negative resistance in the plate cir-
cuit, leading to amplifier instability.

In the newer tetrodes, this tendency is largely reduced through element
design. For example, in the 2CY5 and 6CY5, the interclectrode spacing has
been shaped so that electrons arriving from the cathode develop a space
charge in the region between the screen grid and the plate.* The negative
electrostatic field of this concentration of electrons blocks the escape of the
secondary electrons from the plate. It also prevents cathode electrons which
have reached the vicinity of the plate from returning to the screen grid
when the plate voltage swings below the screen-grid voltage in normal opera-
tion. (It is possible for the negative-re-
sistance effect to appear if the plate volt- CATHODE __ SPACE CHARGE — PLATE
age is driven to 30 volts or so. This is
carefully avoided, however, so that no
difficulty develops from this source.)

Figure 3-6(B) shows a sectional view
of a 2CY5. As indicated by the broken
lines in the illustration, the stream of elec-
trons is divided into sheets or “beams”
which tend to pass between the wires of
the screen grid. Thus, relatively few elec-
trons impinge on the screen grid. Also,

e e Y,
ZATAATH AT

by carefully spacing the various elec- D! D
trodes, a space-charge effect is created Fig. 3-6(B). Electron paths in the
in the darkly shaded region. 2CY5 tetrode.

RF Amplifiers. The typical televi-
sion RF stage, shown in Fig. 3-7, is very similar to the same stage in ampli-
tude-modulated broadcast receivers. It has three functions. First, it provides

* In pentodes the suppressor grid serves this purpose.
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F16. 3-7. A typical television RF amplifier.

signal amplification in a part of the set where the signal is at its lowest
value. In outlying regions or noisy locations, this extra amplification may be
the deciding factor in obtaining satisfactory reception. Second, it provides
greater discrimination against signals lying in adjacent bands. This is
especially applicable for image frequencies. A properly designed RF stage
will help the signal to override any small interferences that are produced in
the tubes themselves. The latter boost applies only to the first tube or two
where the signal may be comparable to the internal disturbance voltage. In
audio systems, the internal tube disturbance is known as “noise.” In tele-
vision receivers these disturbances are amplified along with the video signal
and, if stronger than the received signal, will appear as small white spots on
the image screen. (These spots are often referred to as “snow,” or “masking
voltages.”) Finally, the RF amplifier also reduces local oscillator radiation,
which can be quite offensive to neighboring receivers.

The tube employed in the RF stage, besides having a low noise content
and a high mutual conductance value, should also possess a remote cutoff
characteristic. With remote cutoff properties, the stage does not distort
as readily when large input signals are received. Furthermore, automatic
gain-control * voltage may be applied to the tube, materially aiding ampli-
fier stability and tending to maintain a steady signal output.

Some of the forms that the RF stage may assume are shown in the
accompanying diagrams. In Fig. 3-7, transformer coupling is used in the
input and the output circuits of the RF amplifier. Each transformer is
loaded down by a shunting resistor so that its response will be fairly uniform
over a 6-me¢ bandwidth. The resistor value is chosen with the idea of main-
taining the stage gain as high as possible. On the upper VHF channels
(7-13) and throughout the UHF band, sufficient loading is usually provided

* AGC in a television receiver is similar to AVC in a radio receiver.
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Fic. 3-8. Another RF-amplifier stage. One tuned circuit is common to the plate of
V; and the grid of V,.

by the tube itself so that external resistors are not needed. When triodes or
tetrodes are used, loading resistors may be omitted because the lower in-
ternal impedances of these tubes provide sufficient loading to achieve the
desired bandwidth.

In Fig. 3-8, a single-tuned circuit instead of a transformer is used be-
tween the plate of the RF amplifier and the mixer tube. The tuning ca-
pacitance shown in each of these diagrams might be either a small variable
trimmer capacitor or the stray-circuit-wiring and tube capacitance always
present in the circuit. In the latter instance, adjustment of the tuned circuit
would not be accomplished by varying the capacitance (since the wiring
and tube capacitances are not adjustable), but by using movable cores
within the coil. Thereafter a selector switch or some other tuning arrange-
ment is used. Although only one set of coils is shown in some of these dia-
grams, there would be similar arrangements for each of the channels.

There are a number of variations of the coupling network between V,
and V. of Fig. 3-8, two of which are shown in Fig. 3-9. In the first illus-
tration, Fig. 3-9(A), the plate load for V; is a resistor. L, is the resonant

$B+

-A_

Fig. 3-9. Two additional interstage coupling networks between the RF amplifier
(V) and the mixer (V). Either triodes or pentodes can be employed.
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circuit between the two tubes and it is placed in the grid circuit of V.
In Fig. 3-9(B), the plate load for V; is an RF choke. It might also be
another resonant circuit.

An approach sometimes practiced is to insert an overcoupled trans-
former in the input circuit and a single-peaked circuit in the plate circuit
of the stage. One such circuit is shown in Fig. 3-10. The primary winding
of T; is untuned and matches the transmission-line impedance. The grid
winding is tuned by the grid-input capacitance of the tube, plus whatever
stray capacitance is inevitably present in the circuit. The third winding
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Fic. 3-10. An RF amplifier which combines the response characteristics of grid- and
plate-tuned circuits to obtain a 6-me overall spread.

contains a small trimmer to permit adjustment, although in some instances
it is nothing more than a 1- or 2-turn winding which functions as a link
coupling between the input and grid coils. The combination of these three
coils results in a double-peaked response curve, as shown in Fig. 3-11(A). In
the plate circuit of the stage, and serving as an impedance coupling between
circuits, is a single-tuned coil. Its response is single-peaked, as illustrated
in Fig. 3-11(B). By properly adjusting the peaks of these circuits, we can
achieve an essentially overall flat response of 6 mc for the stage, as is shown
in Fig. 3-11(C). (The word “essentially” is used because it seldom occurs
that the RF response curve has an absolutely flat top. In practice, up to a
30-per cent dip in the center of the curve is permissible.)

Another method of coupling between stages in order to achieve a broad
bandpass is shown in Fig. 3-12. Here, a small capacitor connects the primary
and secondary windings. The value of this capacitance is low (10 to 20 mmf)
and governs the extent of the bandwidth; increasing the capacitance in-
creases the bandwidth.

In Fig. 3-13, mutual capacitive coupling between the RF amplifier and
the mixer is achieved in still another way. L, and Ly are two coils which
are coupled to each other only through the common capacitance C,. In
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other words, their magnetic fields do not interact. Each coil is pretuned
to the same frequency by means of a brass slug. C4 represents the output

capacitance of the 6AG5 RF ampli-
fier plus other circuit capacitances;
Cp is the input capacitance of the
following tube plus the distributed
wiring capacitance of the circuit.

In this type of tuned circuit, the
bandwidth is determined by the de-
gree of coupling and the Q’s of L,
and Ly. The degree of coupling is
controlled by the value of Cy. The
smaller this capacitance, the greater
the mutual impedance and the
greater the bandwidth. The value of
Cy is chosen to provide a bandpass
of approximately 6.0 me. To main-
tain a constant bandwidth, C4 has
a value of 250 mmf on the lower
channels and a value of 140 mmf
on the higher channels. This value
compensates for the change in coil
Q’s with frequency. For each chan-
nel a new pair of coils is switched
into the circuit.

Another feature of Fig. 3-13 is
the provision for either 75- or 300-
ohm-input transmission lines. This

}<—5 Mc——|

F16. 3-11. The combination of two tuning

circuits to produce a flat-topped overall

response. (A) Grid-circuit response; (B)

plate-circuit response; (C) overall re-
sponse.

is accomplished by using the full primary winding of the input transformer
for the 300-ohm linc and half of the winding for the 75-ohm coaxial line. In-
ductance of a coil is proportional to the square of the number of turns.
Doubling the number of turns produces four times the inductance and, at

AN
Y S
1

PRI SEC

by E4
71

A
\ A A4

A

- &

Fic. 3-12. One method of increasing the coupling between two tuned circuits to
achieve broad bandpass.
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Fie. 3-13. Mutual capacitive coupling, Cy, is used between L, and Ly.

the same frequency, four times the impedance; 300 ohms is four times 75
ohms.

Triode RF Amplifiers. The low-noise qualities of triodes always make
them attractive for the RF amplifier stage, and a number of different circuits
have been designed which use these tubes. The simplest approach employs a
single triode, as shown in Fig. 3-14(A). The 6BN4A is a specially built
triode possessing a mutual conductance of 8,000 mhos and a plate resistance
of 5,400 ohms. The low plate resistance loads the tuning circuits sufficiently
to achieve the desired bandwidth without the need for any external shunting
resistors. The high g,, helps to achieve a fairly good gain even at these fre-
quencies.

A triode tube, when used as shown in Fig. 3-14(A), requires a neutraliz-
ing network in order to prevent regeneration at high frequencies. This need
stems from the relatively large capacitance that exists between the plate
and grid elements inside the tube. At sufficiently high frequencies, the output
signal can use this capacitance to travel from the plate to the grid and

6BN4A

+135V Cn
(A) {B)

Fic. 3-14. (A) Triode RF amplifier. (B) Rearrangement of plate circuit to better
reveal how out-of-phase voltage for neutralization is developed.
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reduce the stage gain. By feeding an out-of-phase signal of the same
amplitude back to the grid, the first signal can be effectively neutralized
and the degenerative condition avoided.

The required out-of-phase voltage for the grid is obtained at the bottom
end of the plate coil (L;). One way of looking at L, to see how the out-of-
phase voltage is developed is to consider capacitors C; and C; as providing
a capacitive network across L, which establishes an RF ground at some
point on this coil. See Fig. 3-14(B). With this condition, the RF voltage
at the plate end of the coil is 180 deg out of phase with the voltage at the
other end. Capacitor Cy then feeds back to the grid as much out-of-phase
voltage as is needed to neutralize the signal voltage reaching the grid by
way of the interelectrode capacitance.

The 6BN4A (or its 2-volt counterpart, the 2BN4A) is shown in Fig.
3-14(A) to indicate the fact that the tube actually possesses two grid leads
and two cathode leads. This is done to minimize lead inductance in order to
permit a single neutralization adjustment that will serve suitably through-
out the entire VHF band. If such inductances were permitted to become high
enough, operation on channels 7 to 13 would require one neutralizing adjust-
ment and channels 2 to 6 would require another. More will be said about
tube lead inductance presently.

Push-pull Triode Amplifiers. Push-pull amplifiers have also been used in
the RF section of television receivers. The circuit schematic is shown in Fig.
3-15. The transmission line from the antenna feeds directly into the grids of
a 6J6 push-pull triode amplifier. To match the impedance of the line, two
150-ohm resistors are connected in series to provide the total of 300 ohms.
T, is a center-tapped coil used to prevent low-frequency signals from
reaching the grids of the RF amplifier. C; and C. are antenna-isolating
capacitors.

In the plate circuit of the RF amplifier, starting with Lge and pro-
gressing down to L,, we have a series of inductances that may be considered
as sections of a quarter-wave transmission line. The switch, as it moves
progressively to the left, brings in more inductances, thus decreasing the
channel frequency. In position 13, only Lss and Lgg are in the circuit
and the receiver is set for the highest VHF-TV channel. At position 2, the
set will receive the lowest channel. (Position 1 was for the now obso-
lete channel 1.) At various points along the line, adjustments may be
made by changing the position of the tuning slugs. The physical construc-
tion of each of the small inductances, Lz to Lgg, is a small, fixed silver
strap between the switch contacts. Each strap is cut long enough to intro-
duce a 6-mc change in frequency. In order to make the transition from
the lowest high-frequency channel, 174-180 me to the highest low-frequency
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channel, 82-88 me, adjustable coils L;, and L,» are used. Coils L; to L,
are more substantial in appearance than coils L;3 to L.g, being wound in
figure-8 fashion on fingers protruding from the switch assembly.

Since each section of the 6J6 is a triode, neutralizing capacitors are
necessary to counteract the grid-to-plate capacitance. This is the function
of C3 and C.;.

Coupling between the quarter-wave line of the RF amplifier and a
similar section in the grid circuit of the mixer tube is twofold: by direct
capacitance connection and by link coupling. The response characteristic
of these RF circuits extends the full 6 mec. In addition, a 10,000-ohm
loading resistor is placed across a portion of the mixer tuning circuits to
provide the necessary bandwidth. (In Fig. 3-15 the resistor is effective
only for channels below 9.)

Grounded-grid Amplifiers. Triode RF amplifiers are often employed
in an arrangement known as the “grounded-grid amplifier.” This type of
amplifier is contrasted with the conventional amplifier in Fig. 3-16. Note

= Py

Eﬂ

i’z]‘

§

0w —— 226 o
002 .002 |
L = L 3
. - (Y & ar =

Fi6. 3-16. (A) A comparison between the grounded-grid and (B) conventional RF
amplifier.

that the grid of the tube is at RF ground potential and that the signal is
fed to the cathode. The tube still functions as an amplifier because the
flow of the plate current is controlled by the grid-to-cathode potential.
Instead of varying the grid potential and maintaining the cathode fixed, the
grid is fixed and the cathode potential is varied. The net result is the same.
In addition, the grid, being grounded, acts as a shield between the input
and output circuits, thereby preventing the feedback of energy which is so
essential to the development of oscillations.

The grounded-grid amplifier also offers low input impedance, enabling
the amplifier to match the antenna transmission-line impedance. The low
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impedance provides a broader bandpass response curve which is particularly
desirable for 6-mc television signals.

A commercial application of a grounded grid RF amplifier is shown in
Fig. 3-17. The antenna is connected into the cathode circuit of the RF
amplifier. L, is a simple high-pass filter designed to reject all low-frequency
signals, especially those at the intermediate frequency. The cathode chokes,
L: to L, are placed in series with the cathode resistor to prevent the input
impedance from being lowered by the shunting effect of any stray ca-

Vi VoA
RF.AMPLIFIER MIXER
6AGS /2178

SEE NOTE
9

l

T [}

Fig. 3-17. The grounded-grid RF amplifier stage used in a television receiver. (Note:
RF coils and switch points for channels 6 through 12 are not shown. Coils Tq through
T4 correspond to channels 6 through 12 and are connected the same as T';.)

pacitance to ground due to the cathode of the tube. The choke value is
changed with frequency. R, and C,; provide cathode bias.

The RF amplifier is coupled to the mixer tube through a wide-band
transformer. One such unit is provided for each channel. The windings
are self-tuned by the distributed and tube capacitances to provide maxi-
mum gain through a high L/C ratio. The RF coils for each channel are
placed physically near the oscillator coils of the same channel (not shown)
in order that both voltages will combine at the mixer grid.

Cascode Amplifier. Still another RF amplifier arrangement that makes
use of triodes is the cascode amplifier. See Fig. 3-18. Here two triodes are
connected in series, that is, the plate of the first section goes directly to
the cathode of the second section. The same current flows through both
tubes and the amplitude of this current is controlled by the d-c bias on the
first triode.

The input-tuned circuit of this series amplifier connects to the control
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grid of the first triode; the output-tuned circuit is in the plate lead of the
second triode. The first stage is operated as a conventional amplifier, that is,
with the signal applied to the grid and the output signal obtained from the
plate. The second stage is employed as a grounded-grid amplifier. The in-
ductance, L, between both stages helps to neutralize the grid-to-plate ca-
pacitance of the first triode (with help from capacitor C1), and it is designed
to resonate with the grid-cathode capacity of the second section on the high
VHF channels. While L; thus aids the stability of this combination, it is

6BQ7 OR 6BK?
1 £l

Fic. 3-18. A cascode RF amplifier.

also largely responsible for the low-noise qualities of the cascode circuit.

The role that C; plays in helping neutralize the input triode to prevent it
from oscillating can be seen perhaps more clearly by noting that it connects
from the plate of the first triode to the bottom end of the coil in the grid
circuit. Thus, it feeds its signal to the bottom end of this coil at the same
time that the grid-to-plate capacity within the first triode feeds back its
signal to the top of the coil. In this way we achieve the 180 deg phase
reversal required for the two voltages to counterbalance and neutralize each
other.

Direct coupling is used between the first triode plate and the second
triode cathode. With cathode feed to the second triode, C» is used to place
the grid at RF ground potential. Since the two triode sections are in series
across a common plate supply, the cathode of the second triode is 125 volts
positive with respect to chasis ground. A divider across the plate supply,
consisting of R, and Ra, places the grid of the second triode at a sufficiently
positive potential (with respect to its cathode) for proper operating bias.

The cascode circuit is widely employed and a number of special twin-
triode tubes—for example, the 6BZ7, 6BK7-B, and 6BQ7-A—have been
developed for this particular purpose. All have basically similar electrical
characteristics but different internal connections to facilitate the placement.
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of the components and the layouts found in the various television tuners.
The cascode arrangement gives an overall gain which is somewhat less than
that obtainable from a well-designed high-frequency pentode. However,
the noise figure of a cascode combination is considerably better than that
of a pentode.

Internal Tube Capacitances. Just as important as the mutual con-
ductance of a tube are its interelectrode capacitances. It has already been
noted that the gain of a stage is equal to the product of the mutual con-
ductance of the tube and the load impedance. The load impedance, in
turn, is essentially equal to the value of the resistor shunting the tuning
coil and capacitor. And, as we shall see in a moment, it is the value of
the L-to-C ratio of the tuning cireuit which determines how high a resistor
can be used. )

For greatest gain over any band, a high L-to-C ratio should be main-
tained in each resonant circuit. The capacitance which shunts the coil
includes the interelectrode capacitance of the tube. As we make this ca-
pacitance smaller, the gain increases correspondingly. In addition, the value of
the resistance R nceded to load a tuned circuit is proportional to the
reactance of the capacitance across the coil. Thus, with a smaller capaci-
tance, we obtain a higher capacitive reactance and the loading resistor is
higher in value. The end result is greater gain.

For the RF input stage, the minimum capacitance is determined by

1. The grid-to-cathode capacitance, C,p
2. The grid-to-plate capacitance, C,,
3. The stray capacitance, C,

The total capacitance is equal to

Ctotul = Ca + Cﬂk + Cap(l + G)

where G is the gain of the stage, usually about 15-30 in these amplifiers.

For the 6AKS5, Cy is equal to 4 mmf, C,, amounts to 0.015 mmf, and the
gain of the stage may be taken as 20. The stray capacitance will depend
upon the manner in which the stage is wired and may amount to an addi-
tional 10 mmf. The total, or 14.3 mmf, would then represent the minimum
capacitance of the stage and would have to be considered as an addition to
any tuning capacitor inserted across the coil (Fig. 3-19).

At the broadcast frequencies (500 to 1,500 ke) in the ordinary home re-
ceiver, these tube and wiring capacitances are never serious when compared
with the size of the tuning gang employed. However, when frequencies of
100 mc or more are to be received, the tuning capacitor may be even smaller
than these additional capacitances and they can no longer be disregarded.

Whereas the wiring and tuning capacitances remain fixed once the set
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has been completed, no such happy state of affairs exists for Cp: or Cy,
(1 + G). The latter values will vary as the gain of the stage varies, which
occurs every time the input voltage

changes. C,; will change its value as EEGOPARRICAIRE
the electron current is altered. The ;

effect of the variation, if great enough, \

is sufficient to detune the stage. Again, E :f
these small items, insignificant in them- / i
selves, may become very influential as 4

_ Y L.
the frequency increases and the size of Crooro = C g 1 €, # Cgp (14G)=

the coil and capacitor decreases. Fic. 3-19. At the higher frequencies
We have considered only the capaci-  the stray-wiring and internal-tube
tance in the input circuit. A similar line ~ capacitances }:"l’rese“t, an apprect-
of reasoning may be applied to the plate 2L )6 GLA Y () IS (el
.. h h 1 min; tance and hence mnust be included
CII‘C}llt, where the tota minimum ca- in all computations.
pacitance is composed of the following:

1. The output capacitance, C,, as obtained in any tubc manual
2. The wiring capacitance

The list is short because it has been assumed that the output circuit is
inductively coupled to the next grid. This coupling tends to separate the
input capacitance of the next tube from the plate circuit of the preceding
tube. However, if a dircct connection is made to the next tube, the addi-
tional input capacitances must be taken into account.

From the foregoing brief discussion, it is evident that in designing
RF television amplifiers of all types, tubes should be selected that have

1. High mutual conductance values
2. Low input and output capacitances

It has been suggested that the usefulness of a tube may be determined by
the ratio of (1) to (2), or

gm
Cin + Ca

This ratio is called the “figure of merit” of a tube. Large values are desirable.
It should be noted that both numerator and denominator of the ratio are
important at the high frequencies. At the low frequencies, the tube capaci-
tances have less importance and only g, needs to be considered.

Tubes with Two Grid and Two Cathode Terminals. The 6BN4A in
Fig. 3-14 possesses two cathode terminals and two grid terminals. It has been
found that the input impedance of vacuum tubes, which is ordinarily so
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high as to be considered infinite, begins to decrease as we raise the frequency
of the signal. In the television channels above 50 me, this tube loading
on the attached tuned circuits causes a reduction in the gain and Q of the
circuit. One of the causes for this reduction in tube input impedance is
due to the inductance of the cathode leads within the tube itself. Why
this is so can be seen from the following explanation.

The current of a tube must flow through the cathode lead wires and
in so doing develops a voltage across the inductance of these wires. Note
that this inductance is of importance only when the signal frequency is
high. The average or d-c component of the current does not enter into this
consideration. The voltage produced across the lead inductance, although
due to the plate current, is impressed between the grid and the cathode.
As a result, the effective signal voltage acting at the grid of the tube is
lowered because of the opposition of the cathode-lead voltage. The situa-
tion is analogous to inverse feedback, except that the lead-inductance voltage
is present even though the cathode of the tube is grounded directly to the
tube socket. The lead inductance occurs within the tube itself.

Note that the voltage which is developed across the cathode-lead in-
ductance is due to the plate current. So far as the plate circuit is concerned,
this voltage is of little significance. It is at the grid, where the signal is
applied, that the voltage is important.

To eliminate the effect of the lead-inductance voltage on the input-grid
circuit, they have been designed with two wires leading directly from the
cathode structure inside the tube to the tube base. In this manner, one
terminal is available for the grid-circuit return and one for the plate circuit
and its current, and the two circuits are divorced from each other. In the
circuit of Fig. 3-20, the RF amplifier tube possesses two cathode terminals.
Even though both cathode terminals are grounded, pin 2 is connected to the ¥
grid coil and capacitor. Pin 7 is the cathode connection for the plate circuit.
To it is connected the screen-grid and plate bypass capacitors. The d-c plate
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¥16. 3-20. The use of two cathode wires to eliminate the adverse effect of cathode
inductance.
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current divides between both cathode terminals, but this is of no consequence
since it does not contribute to the degenerative effect.

In RF triodes, for example, the 6BN4A, two control grids are also made
available in order to reduce the lead inductance in this circuit as well. This
reduction permits one neutralization adjustment to suffice over the entire
VHF range. As indicated previously, if the control-grid inductance becomes
too large, separate neutralization adjustments would be required for the low
and high ends of this range. In tubes not requiring neutralization, such as
tetrodes or pentodes, two control-grid leads are generally not employed.

In this chapter we have been concerned solely with the basic RF-
amplifier circuits found in television receivers. Nothing has been said about
the tuner mechanisms themselves. This discussion will be deferred until
after high-frequency oscillators and mixers have been covered, because all
three stages are contained within the tuner housing.

QUESTIONS

1. How are wide-band tuning circuits achieved by using conventional tuning
circuits?
2. What is the difference in behavior between transformer-coupled tuning
circuits using tuned and untuned primaries?
3. Why is the gain low in RF television circuits?
4. What is the usual reason for including RF amplifiers in receivers?
5. Why are RF amplifiers especially useful in television receivers?
6. What desirable characteristics should RF amplifier tubes possess? Lxplain
yOur answers.
7. Tllustrate several types of RF coupling networks used in television receivers.
8. What is the advantage of using an overcoupled transformer in the input
circuit and a single-peaked tuned cireuit in the plate cireuit of an RF amplifier?
9. Explain the operation of the RF circuit shown in Fig. 3-15.
10. Draw the circuit of a grounded-grid amplifier. Explain briefly how it
operates.
11. Explain the origin of all the capacitances associated with an RF amplifier.
12. Explain the term “figure of merit” as it pertains to tubes. Why is it useful?
13. Why is the cathode-lead inductance important in high-frequency tubes?
14. Draw the circuit of an amplifier in which the effect of cathode-lead induct-
ance is minimized.
15. Explain what effect a narrow frequency response in the RF tuned circuits
has on the reproduced image.
16. Why do some tubes, for example, the 6BN4A, possess two cathode
terminals?
17. Draw the basic circuit of a cascode amplifier. Explain briefly how it
operates.
18. Why have RF tetrodes recently become popular?
19. What precautions should be noted when constructing an RF amplifier for
use in a television receiver?
20. What effect would an inoperative RF-amplifier tube have on the image?
Explain yvour answer.




CHAPTER 4

The HF Oscillator and Mixer—TV

Tuners

Converters—The Effect of High Frequencies. Present-day sound
superheterodyne receivers obtain the conversion of the radio frequencies to
the intermediate frequencies either at the first or at the second stage, de-
pending upon whether or not an RF amplifier is employed. The least ex-
pensive method of obtaining the conversion is through the use of a single
tube operating as a mixer and an oscillator. A typical circuit is given
in Fig. 4-1. The desired intermediate frequencies appear in the plate

6BE6

IF
OUTPUT

Fig. 4-1. A typical low-[requency pentagrid converter stage.

circuit and are inductively transferred by the IF transformers to the ap-
propriate amplifiers. In early sets, separate oscillators were widely em-
ployed; however, with the development of special tubes of the pentagrid-
converter type, only one tube is required now.

88




THE HF OSCILLATOR AND MIXER-—TV TUNERS 89

The interchangeable use of the words “mixer” and “converter” is common
practice, although there exists a definite technical difference. A tube is a
mixer only when a separate oscillator is used. Its action then merely mixes
or combines the RF input and oscillator signals to obtain the difference
frequency, or IF. A converter combines the action of mixing and generating
the oseillator voltage within one envelope.

With increase in frequency, the stability and output of the oscillator
scction of a converter decrease. At the relatively high frequencies required
for television, the conventional converter becomes unsatisfactory. The oscil-
lator has a tendency to drift, and its output voltage is not constant. The
only suitable method of obtaining sufficient oscillator voltage, without
appreciable frequency drift, is to separate the oscillator from the mixer.
See Fig. 4-2.

INCOMING SIGNALS
{R.F)
R.E LE SIGNALS
i > MIXER [—" 507
o Ed
; e A
1 -~ -
//—/
COMMON™ — — — .
TUNING RE
CONTROL. 90SC.
FINE -TUNING

CONTROL

Fia. 4-2. A block diagram of the front end of television reeeivers,

Miniature high-frequencey triodes and pentodes are employed as mixers
in television receivers. From the standpoint of noise, triodes are superior
to pentodes and the latter are superior to pentagrid converters beeause
each positive element within a tube introduces a certain amount of noise
into the ecircuit. In this respect, diodes would be the best tube of all to
use, if the additional amplification provided by triodes and pentodes did
not outweigh whatever noise reduction diodes provide. Of late, pentodes are
being favored because of the greater gain which they provide the signal
and beeause of the improvement in gain and lower noise of the newer RF-
amplifier tubes. With the latter stage providing higher gain, the incoming
signal reaches the mixer with greater amplitude; hence it is in a better
position to override whatever noise may exist in the mixer.

For the oscillator, triodes are almost universally used. Special combina-
tion triode-pentode high-frequency tubes have been developed so that they




90 TELEVISION SIMPLIFIED

can perform the functions of generating an oscillator signal and mixing with
a single tube. Each section in the tube, however, is physically and electrically
independent, of the other.

Energy from the oscillator may be capacitively or inductively coupled
to the mixer. Two frequently used methods are shown in Fig. 4-3. Interaction
between the input signal and the oscillator outside the mixer tube is kept

MIXER MIXER
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——an ot <
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T | T
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(A) CAPACITIVE COUPLING (B) INDUCTIVE COUPLING

Fi6. 4-3. Coupling energy from the oscillator to the mixer by inductive or capacitive
means.

as low as possible to prevent any changes from oceurring in the oscillator
frequency and to minimize oscillator radiations from appearing at the an-
tenna.

It has been observed that any considerable amount of radiated signal
can produce a complete loss of contrast or even a negative picture in near-by
television receivers. When the interfering frequency is close to the picture
carrier of the station being received by the other sets, the “beat” interference
produces vertical, horizontal, or slanted stripes across the screen. Beat
interference refers here to the difference frequency signal obtained when the
interfering signal and the picture carrier of the station being received mix
with each other in the second detector stage of the receiver.

In Fig. 4-3(B), an intermediate coil is employed to transfer the gen-
crated oscillator energy to the mixer. If it is possible to position the oscillator
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coil physically close to the mixer grid coil, the inductive transfer of energy
may occur directly and the intermediate coil can be dispensed with.

Within the mixer of the television receiver, the received signal and the
oscillator voltage both modulate the electron stream to form the desired
audio and video IF voltages. In nearly all sets, the signal from the RF
amplifier is transformer- or impedance-coupled to the mixer. The oscillator
voltage, as indicated, is transferred to the mixer tube either capacitively or
inductively.

Oscillators. Perhaps the most frequently employed oscillator cireuit
in present-day television receivers is the circuit shown in Fig. 4-4(B), which
is known as the “ultraudion.” It is equivalent in its action to the well-known
Colpitts circuit. See Fig. 4-4(A). In the
ultraudion, the voltage division across
the tank circuit is accomplished through
the grid-to-cathode (Cy) and the plate-
to-cathode (Cpx) capacitances within the
tube. The feedback voltage which sus-
tains oscillations is developed across Cg;.
In some television receivers, the oscilla-
tor stage has the actual form shown in
Fig. 4-5(A) and the equivalent network
indicated in Fig. 4-5(B). The voltage-
dividing capacitance network consists of
the effective capacitance of C in series
with the parallel combination of C,; and
C,, while C; represents the combination
of the grid-plate capacitance, the dis-
tributed capacitance, and C,. C, is a
temperature-compensating capacitor and
helps reduce oscillator drift. In spite of
this, drift does occur, and C; is provided
to permit the user of the set to adjust the
oscillator frequency to the best sound
output. Because C; is actually a vernier
adjustment, it is labeled ‘“fine-tuning
control” and placed on the front panel. Fis. 4-4. Circuit diagrams showing
Any shift in oscillator frequency immedi- similarities between (A) the Colpitts
ately alters the IF produced as a result 2nd (B) the ultraudion oscillators.
of the mixing. action. Th_e effect is the gg»)v ;I};}(;euﬁlrrzﬁgioi]?sgruaSI:aﬁI;,u(Sitr;ﬁis.
same as detuning the receiver. By means
of the fine-tuning control, the oscillator frequency can be readjusted to its
proper value. Capacitors C3 and C; keep the d-c plate voltage off the ex-
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Fic. 4-5. (A) The ultraudion-oscillator arrangement as employed commercially and
(B) its equivalent circuit.

posed coils. Cy also makes it possible for the oscillator to develop grid-leak
bias across R;. A separate coil is brought in for each channel, and each coil
can be adjusted individually as to frequency. This adjustment is necessary
because the oscillator frequency must be accurately set for each channel.
Modified Ultraudion. In the Colpitts oscillator of Fig. 4-4(A), it is
possible to shift the placement of the ground connection from the cathode
to the plate end of the tuning coil without affecting the operation of the
oscillator. Now, however, we must provide a different d-c¢ path from the
cathode to ground, otherwise the electron flow of the tube will be interrupted.
For this, we can use an RF choke which provides the necessary d-c path but
still maintains the cathode at the required RF potential. The corresponding
shift in ground point can be applied to the
ultraudion circuit, with the result shown in

“’}‘;"“ Fig. 4-6.
T 3 Push-pull Oscillator. In conjunction
CAPACITORS

a2 N wuta. with the push-pull RF amplifier of Fig.
3-15, there is a push-pull oscillator and

= , a push-pull mixer. See Fig. 4-7. The chan-
Fic. 4-6. A modified ultraudion . S‘.VltCh’ as it progressively roves Clow
n— the line, adds more and more inductance

to the line, effectively lowering the tank fre-
quency. For tuning, brass screws are placed near the high-frequency tuning
straps Liy, Lig, Lis, Laoo, Log, L2y, and Lag, and brass cores are adjusted
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through coils Lo, Ly, Le, Ls, L1o, and L;,. For keeping the two sections of the
line as closely balanced as possible, L;, and L; are provided.

C, is a fine-tuning control which is connected across the entire tuning
circuit. It provided a frequency variation of approximately plus or minus
300 ke on old channel 1, and this increases to plus or minus 750 ke on
channel 13. Coupling between the oscillator and the mixer is accomplished by
a single turn of link coupling and by physically placing the oscillator-tuning
circuit close to the converter grid-tuning cireuit.

Oscillator Frequencies. In design, the oscillator frequency is generally
placed above the incoming sound and video frequencies.* By being located
above both signals, the highest IF produced will be that of the video signal.
Refer to Chapter 1 where it was shown that, in a 6-mc television channel,
the audio carrier was 4.5 mc higher than the video carrier. For channel 2,
54-60 mc, the video carrier will be at 55.25 mec. (The remnants of the other
sideband are from 54.00 mec to 55.25 me, but these are useless and rapidly
attenuated in the circuits.) From the video carrier, the picture sidebands
extend for 4 me to 59.25 me. The audio carrier would then be located at
59.75 me.

Now suppose that the oscillator frequency is 101.00 me. In the mixer
tube, the 54- to 60-mc signals will combine with the oscillator frequency to
form the following IF signals:

1. For the video, the IF will range from 41.75 mc to 45.75 mec. This
is the difference between 101.00 mc and 55.25 to 59.25 mc. Actually, the IF
generated will extend to 47 mc. However, the vestigial sideband remnants
are from 45.75 me to 47 mc and are not desired. The IF bandpass tuning
circuit eliminates them.

2. For the sound, the IF will be centered at 41.25 mc. FM is employed
for the audio transmission, resulting in a frequency variation of plus and
minus 25 ke about this center (41.25 mc) position.

In Chapter 1, Fig. 1-24(B), a characteristic curve of the video transmis-
sion is shown. The remnants of the lower sideband are permitted to re-
main because of the difficulties encountered in attempting to separate the
lower sideband entirely from the upper sideband without affecting the phase
or amplitude characteristics of the desired upper sideband. At the receiver,
the remaining or vestigial, lower sideband must be attenuated; otherwise it
will produce unequal response at the video-detector output. This oceurs
because the lower video frequencies are contained in both the upper sideband

* This placement is used in all receivers employing a split-sound television svstem
and in most intercarrier sets. However, in certain intercarrier receivers, the oscillator
frequency is placed below the sound and video frequencies. Where this is true, the
sound and video signals retain the same relative position they had when broadcast.
This does not affect operation of the receiver so long as the video IF system is designed
for this condition.

S
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and the remnants of the lower sideband. The higher video frequencies are
present only in the upper sideband, having been eliminated from the lower
sideband. If the transmitted signal waveform is permitted to remain intact,
there will be proportionally more low-video-frequency voltage produced at
the second-detector output than high-video-frequency voltage. To prevent
this, a receiver-response characteristic, such as is shown in Fig. 4-8, is gener-

ADJACENT
CANNEL

ADMACENT™
CHANNEYL,

VIDEO CARRIER

LF (4575 mc)

AOLACENT
CHANNEL YOEO
CarR/IER (39,75 mC)

[]
M\MCI'A) 7 CMNANINVEL AVOIO CARRIER
SOUND CARRIER (tr.25 mc)
(¢7.25 we)

F16. 4-8. An overall video IF response curve.

ally employed. At the carrier frequency, the response is 50 per cent down, in-
creasing linearly toward the higher frequencies and decreasing toward the
lower frequencies. Roughly speaking, the lower video frequencies, for
which there are two sidebands, receive half the amplification accorded those
higher frequencies for which there is only one sideband. The overall result
is an equal response for both the low and the high video frequencies.

The characteristic shown in Fig. 4-8 is the response curve of the IF
system of the receiver. In any superheterodyne, it is the IF stages which
chiefly determine the selectivity and sensitivity of the receiver.

Indicated, too, in Fig. 4-8 are other frequencies which are attenuated by
means of trap circuits inserted in the various IF amplifiers. The reason these
circuits are used will be given presently.

RF Tuners. Now that RF amplifiers, oscillators, and mixers have
been discussed we can turn to modern television tuners and see how these
circuits are combined electrically and mechanically to receive one incoming
signal to the exclusion of all others.

A number of methods for tuning television stations have been developed.
All systems can be classified roughly as continuous tuning or selector-switch
tuning. In the first, which is somewhat similar to that used in radio receivers,
the dial is rotated until the station is tuned in. Dial rotation is continuous
from station to station by turning the dial knob clockwise or counterclock-
wise. With selector-switch tuning, each channel is assigned a fixed and
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definite sct of contaets on the switch. Each position of the switch is num-
hered. To receive a desired channel, the switeh is rotated until the channel
position ix rcached. Contact is here made with the tuning cireuits of this
channel, and any signal present is received.

Within cach of these two categorics there are various types of tuners
that have been developed. The more important of these will be discussed.*

Selector-switch Tuning. Turret tuner. The turret tuncr, illustrated by
popular Standard Coil units, is shown in Figs. 4-9 and 4-10. The coils for

TUBES

FINE-
TUNING
CONTROL

/CHANNEL STRIPS<_ .

Courtesy Standard Cuil Products

Fic. 4-9. An carly form of a turret tuner. The two sets of coils for cach channel ure
shown separately.

each of the 12 VHF channels are snapped into position on a rotatable circu-
lar drum. Separate coils are used for each channel. In earlier units, exempli-
fied by the tuner shown in Fig. 4-9, the antenna coil and the RF-amplifier
input coil were mounted on one form, while the RF-amplifier output ecoil,
the oscillator coil, and the mixer input coil were grouped together on another
form. These two units then constituted the complete set of coils for one
channel. In more recent versions of this tuner (Fig. 4-10), all the coils arc
mounted on a single form for each channel. The forms are of the snap-in
type and can be removed readily, if necessary.

* UHF-tuning methods will be described in Chapter 18,
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Separate drum assembly ¥

L

d

Courtesy Stand_aer Coil Products

Fi6. 4-10. A recent turret tuner. One strip holds all of the tuning coils for a channel.

A number of different circuits, particularly in the RF-amplifier stage,
have been employed in turret tuners. These include pentodes, tetrodes,
duotriodes in a cascade arrangement, and single neutralized triodes, or neu-
trodes. All possess a similar basic circuitry, but it may be desirable to
examine each of these different arrangements in order to become familiar
with them.

A schematic diagram of a pentode tuner is shown in Fig. 4-11. The input
circuit is balanced with an impedance of 300 ohms. It is purposely designed
to match the 300-ohm twin-lead line. However, by using one end terminal
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and ground, the input impedance becomes 75 ohms, and a shielded coaxial
cable can be connected to the receiver without mismatch. The RF-amplifier
tube may be a 6AGS5, a 6CB6, or a 6BC5. These tubes have similar charac-
teristics that are interchangeable, except for the slightly different pin con-
nections of the 6CB6.

The secondary winding of the input circuit (L) is tuned by the input
capacitance of the RF-amplifier tube in series with the parallel combination
of C; and Cs. Trimmer C5 is used for alignment. The 3900-ohm resistor
(Rg) across L, is inserted for the purpose of broadening the response of the
input-tune circuit to the necessary bandwidth.

We might digress here for a moment to show more clearly how Cs can
influence the tuning of the input coil L,. If we were to draw the input cir-
cuit of the 6BC3, including the input capacitance which the tube itself pre-
sents, then a simplified arrangement of this input circuit would appear as
shown in Fig. 4-12. From the diagram, we can see that the tube and stray
capacitance, (C,), and capacitance
(s are in series with each other

across L.. Variation of C, will then L . —
alter the total series capacitance of Cs:32

C: and C,, and consequently affect AN [ L £, t L
the resonant frequency of the input T

circuit. Another interesting feature i 412 (, (of Fig. 4-11) and the in-
of this arrangement is that since both  put and stray capacitance, C,, are in
C» and C, are in series, a change series across L.

in C, when a tube is changed or a

variation in the operating characteristics of the tube will have less effect in
detuning L, than if Cs had not been present. To demonstrate this, assume C,
has a value of 7 mmf and that Cs has a similar value. The value of the twa
capacitors in series is 3.5 mmf{. If, now, because of a change in the RF-ampli-
fier tube or because a new RF-amplifier tube is employed, the value of C,
decreases by 1 mmf, the total capacitance will change to 3.23 mmf. This
represents a change of only 0.27 mmf{. Since a change of 0.27 mmf is con-
siderably smaller than a change of 1 mmf, we see how this particular arrange-
ment minimizes changes in tube capacitance and its effect on the tuning
circuit.

Returning to Fig. 4-11, the plate load of the RF amplifier is L in con-
junction with Cs plus whatever tube and stray capacitance may be present
here. Rg is again a loading resistor designed to widen the bandpass charac-
teristics of the tuned circuits. The gain of the stage is controlled by an AGC
voltage fed to the control grid through a 47,000-ohm resistor.

The signal is transferred from the plate of the RF amplifier to the mixer
grid by inductive coupling between Ls and L,. The combination of R; and
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R4 across Ly is not for loading, but rather to provide a terminal (test point
9) where an oscilloscope can be attached to observe the response pattern of
the RF-amplifier tuned circuits. Also, test point 9 can be used as an injec-
tion point for video-IF-test signals. (In the tuner, this test terminal projects
above the top deck where it may readily be reached.)

R; and Ry, together with Cy, develop grid-leak bias for the mixer stage.
Trimmer C, is used for alignment. The output of the mixer stage is coupled
to the first-video IF amplifier by means of the low-pass network composed
of Cig, Lo, L11, and C,4. Capacitor Cy4 is a d-c-blocking capacitor.

Oscillator coil Ls is inductively coupled to mixer-grid coil L, to enable
the oscillator signal to reach the mixer circuit. Capacitor C,; is in series
with the parallel combination of C5 and C,, to form the split-capacitor of a
Colpitts oscillator. Trimmer Cj is an RF-oscillator adjustment, while C;a,
a variable-dielectric-type capacitor, functions as the fine-tuning control.
Grid-leak bias for the oscillator is developed by Rs and Cio. The oscillator
plate is shunt-fed by means of R;.

Tetrode Tuner. A tuner employing a tetrode in the RF stage would be
practically identical to the circuit shown in Fig. 4-11. As a matter of fact,
since the 6BC5 in Fig. 4-11 contains no external suppressor connection, the
two circuits would be exactly the same with the possible exception of a dif-
ference in component values.

Cascode Amplifiers. The schematic diagram of a tuner using a cascode
circuit in the RF-amplifier stage is shown in Fig. 4-13. VHF signals are in-
ductively coupled from the balanced 300-ohm antenna coil L; to a tuned
circuit composed of L., C;, and the grid-to-cathode interelectrode capaci-
tance of the first-triode section of V. R, is connected in parallel with the
tuned circuit to provide the desired bandpass. C3 neutralizes the effect of
signal feedback through the interelectrode capacitance of the tube.

The plate load of the first-triode section and the cathode impedance of
the second-triode section of V; is Lj. Since the grid of the second-triode
section of V, is held at RF ground by C4, and this section is cathode-driven,
it is essentially a grounded-grid amplifier. The plate-output circuit consists
of L, Neutralization of this second triode is not required because the
grid is placed at RF-ground potential by C4 and the signal is applied to the
cathode.

Since the two triode sections are in series, the plate potential of the first
section is also the cathode potential of the second section. This condition
makes it necessary that a positive voltage be applied to the grid of the
second scction. B3 and R4 form a voltage-divider network to accomplish
this.

AGC voltage is applied to the grid of the first-triode section of 17,
through R.. When a negative-going voltage is impressed on this grid, the
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68074 MIXER
RF AMP '/ -6BR8

4700
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Fic. 4-13. An RF tuner using a cascode RF amplifier.

plate-current flow decreases and the plate voltage increases. This higher d-c
potential is also present at the cathode of the second-triode section. Since
this results in a smaller d-c-voltage difference between the plate and cathode
of the second section, amplification of the second stage decreases, hence AGC
is effectively applied to both RF amplifiers. C; prevents RF energy from
entering the AGC circuits.

The remainder of the eircuit in Fig. 4-13, containing the mixer, V5, and
the oscillator, V3, possesses essentially the same form and functions in the
same manner as the comparable stages in the tuner circuit of Fig. 4-11.
There are two differences, however, that call for additional comment. First,
in the oscillator, an inductive fine-tuning control (L,0) is employed to vary
the oscillator frequency instead of the capacitive control shown in Fig. 4-11.
This approach helps to stabilize the oscillator because combining L and Ly,
in parallel produces a lower inductance than Lg produces alone. With a lower
inductance, more capacitance can be employed for a desired resonant fre-
quency and this, in turn, helps to mask changes in tube capacitance.

Cio is a d-c-blocking capacitor. Between channels, when Lg is not in
position, the capacitor disables the oscillator by preventing d-c¢ from reaching
the plate of V3. This disabling is desirable because with only Lo in the cir-
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cuit, the higher frequency generated might be in a range which would cause
interference to other sets and services in the vicinity.

The second difference shown in Fig. 4-13 occurs in the screen-grid circuit
of V,. Here, in place of a bypass capacitor alone, we also find a coil (L7).
This coil introduces a slight amount of regeneration (through in-phase feed-
back) for more constant tuner gain on all channels.

Neutrode* Tuner. An example of a neutrode RF amplifier as it would be
employed in a turret tuner is shown in Fig. 4-14. It is followed by a pentode

SHIELD
RF_GRID RF PLATE  MIXER
ColL COIL GRID COIL

30040
BALANCED
INPUT ————6.3V

Fic. 4-14. An RF tuner using a neutrode RF amplifier.

mixer and a triode oscillator. A 6CG8A contains the pentode and triode
sections in one envelope.

The operation of a neutrode RF amplifier has already been discussed, but
the input circuit of Fig. 4-14 contains a number of features which have not
been previously analyzed and which are quite common in present-day tele-
vision receivers. For example, T'; is a matching transformer designed to do
two things: it converts the 75-ohm-input impedance of the RF-amplifier
stage to 300 ohms; second, it provides a balanced input of 300 ohms,
whereas the RF-amplifier input is unbalanced. A 300-ohm balanced input
is desired to match twin-lead transmission lines currently in use.

* Neutrode is a short term for “neutralized triode.”
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Two types of baluns (as these matching transformers are called) are in
popular use: 300-ohm balanced input to 300-ohm unbalanced output and
300-ohm balanced input to 75-ohm unbalanced output. Each type appears
schematically in Fig. 4-15(A) and in Fig. 4-16 (A). While these are shown
as transformers, transformer action, as we commonly know it, does not take
place. Instead, a balun consists of two sets of parallel lines, each with a
characteristic impedance of 150 ohms. These lines are closely wound fine
wire, evenly spaced, on a suitably long form (Fig. 4-17), or they are con-

r'—'-—‘—'—'\ r-'—————-1

| : | |

INPUT : 1500 11 Sason :
300 0. 300N |

BALOA(:ICED UNBALANCED : [ :

INPUT outPuT [ 1500 |

L ouTPUT | 150 I |

I [ |

| o= I

| I | | J
{A) (B) (C)

Courtesy H. W. Sams & Co.

Fic. 4-15. Balun used to match 300-ohm balanced and unbalanced impedances.

structed as a toroid with a ferrite core. The lines are shown in the schematics,
Fig. 4-15(B) and Fig. 4-16(B). Part (C) in each illustration demonstrates
by means of resistors how the input and output impedances and the balance
arrangements can be obtained. It should be recognized that these latter il-
lustrations are for explanatory purposes only and are not to be taken liter-
ally.

Returning to Fig. 4-14, L; and C; form a parallel-resonant trap, while
L. and Cj3 form a series-resonant trap, both peaked for slightly different
frequencies between 41 and 46 mec. Their purpose is to prevent interfering
signals in the IF range from penetrating the RF amplifier and reaching the
mixer and, beyond it, the IF system where it is not possible to reject them.

e
I 1500 I
I !
> I |
| |

OUTPUT 750 758
UNBALANCED | : ”'gﬂ%}
= | i
| |
| |

(A) (B) (c)
Courtesy H. W. Same & Ceo.

Fic. 4-16. Balun used to match 300-ohms balanced and 75-ohms unbalanced im-
pedances.
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-Courtesy H. W. Sams Co.
Fic. 4-17. A balun, or input-matching, transformer.

L, is adjustable and can be set for a specific frequency to be rejected. L,
is factory adjusted and ordinarily is not touched in the field.

If we disregard the two foregoing traps, then the input-resonant circuit
appears as shown in Fig. 4-18. It is essentially a low-pass pi-type filter con-
sisting of Cs, Cy, Ls, and C,y, the latter representing the input capacitance

of the 6BN4 tube. Since C, and Cy are

6BNG both much larger than Cjy, their im-

pedance will be smaller than that of

Cy. Consequently, a greater amount

of the signal voltage will appear across

Cix. This acts as a voltage step-up ar-

= rangement just as effectively as if we

Fic. 4-18. Input-resonant cireuit. had employed a step-up transformer.

Ly is changed for each channel,

cnabling the circuit to resonate to the required input frequency of that

channel. Generally, the circuit is designed to peak at the mid-frequeney of
the specific channel.

Cy, in addition to the function noted above, also serves as a d-c-blocking
capacitor. This is required because of the presence of a negative AGC volt-
age at the grid of the RF tube. This AGC voltage is brought in through
Ry; Cs, in the AGC line, prevents any RF signal from reaching the AGC
line beyond the tuner.

The output-tuning circuit of the RF amplifier consists of L,, Cy, and
whatever stray and output capacitance of V, might be present. R, is
the plate-decoupling resistor, while C; functions as an RF-bypass eapacitor.
However, C7 is small enough so that it does not completely bypass all of the
RF signals voltage away from R,. A small RF voltage does appear across
R. and is fed back to the grid of 1", by the neutralizing capacitor Cia.
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The remaining two stages of the tuner, the mixer and the oscillator, which
have already been discussed in preceding tuners, are conventional in design.

In Fig. 4-14, capacitors Cy, Cy, Cy, C7, (g, C15, and C,; arc all somewhat
different from the other fixed capacitors in the same diagram. The difference
resides in the fact that these are feedthrough capacitors. Such capacitors arc
constructed by taking a dielectric material and shaping it into the form of
a small cylindrical tube. One metal plate is then deposited around the inner
diameter of the cylinder, while the second plate is deposited over the outer
surface. Wires are then attached to both ends of the inner plate. When the
capacitor is inserted in a circular opening of one of the metal walls, or
shields, of the tuner, the outer plate is automatically grounded. Filament and
d-c voltages can then be brought into the tuner by way of the inner plates
of several feedthrough capacitors. If the capacitance valucs of these units
are large enough, then RF voltages traveling out along these same supply
lines are bypassed to ground.

Feedthrough capacitors are employed extensively in TV tuners because
of the convenient way in which they enable voltages to enter and leave
tuner housings. These capacitors are also uscful between tuner seetions
separated by shield walls.

In television receivers designed to operate without a power transformer,
the resistor-capacitor isolation network, shown in Fig. 4-19, is inserted

between the antenna terminals and the matching 1000 MMF

balun. The purpose of the resistors in this network 1——“—1

is to provide a leakage path for static voltages de- AAAN

veloped by the antenna. In addition, they isolate 4 470K

the “hot” chassis from earth ground and prevent i l? vesdy

shock if the antenna and earth ground are touched o

at the same time. Without the resistors, the condue- 470K

tion path would be completed through the low-re-  p, - 119, An isolation

sistance balun coils. network employed at
The capacitors shunting the resistors provide a  the antenna inputs of

low-impedance path for arriving signals. some  television  re-

Wafer-switch Tuners. Another type of sclector- eeivers.

switch tuning arrangement is the wafer-switeh tuncr. This unit employs
rotary switches with a tuning coil mounted between each set of switch con-
tacts. To accommodate the different RF-oscillator, and mixer tuning circuits,
multisection switches are employed. Each scetion then contains various coils
for one tuning cireuit over the 12 television channels.

A number of wafer-switch tuners arc in use, but an examination of a
few of the more important ones will serve to indicate their physical and
electrical appearance. Wafer-switeh tuners are sometimes also called “wafer-
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tier tuners.” The word “wafer” refers to the switching arrangement; the word
“tier” indicates that the switch contains several sections, or tiers. A ecircuit
diagram of a commercial wafer-switch tuner is shown in Fig. 4-20. Physi-
cally, the tuner appears as indicated in Fig. 4-21. If this illustration is
examined closely, four wafer sections, or tiers, will be seen, each one contain-
ing a different set of coils. For example, the wafer tier at the back of the
tuner contains all of the coils present in the grid circuit of the RF amplifier,

SBES
38C5 /

OSCILLATOR
COILS

© FINE-TUNING
 SHAFT

TIER WITH -
RF GRID X WITH
COILS PLATE COILS  MIXER GRID

COoILS

Fia. 4-21. General Eleetrie wafer-switch tuner. The four wafer tiers are indicated,
and the coils which are mounted on these upport= ean be scen.

171. The second tier from the rear contains the RF-amplifier plate coils. The
third section (farther forward) holds the mixer-grid coils, while the wafer
closest to the front of the tuner carries the oscillator coils. Clustered around
these coils are the various resistors, capacitors, and other inductances com-
prising the tuner circuitry. The closeness of the various eomponents to each
other 1s revealed clearly.

Electrically, the tuner consists of a pentode RF amplifier, a pentode
mixer, and triode oscillator. (The RF amplifier could actually be any of
the circuits previously discussed, that is, a easeode arrangement, a neutrode
a tetrode, or the pentode circuit shown in Fig. 4-20. All types have heen em-
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ployed with this tuner.) The mixer and oscillator tubes are combined within
one envelope, adding to the compactness of the tuner assembly. All of the
coils in each tuning circuit are series-connected and the amount of inductance
which is active rises as the selector switch is turned toward lower and lower
channels. Thus, for channel 13, the highest VHF television channel, all of
the COilS, L]_{-LHA, L”g-L”[;, ]410-.’411(‘, and Lll)‘LIID; are shorted and re-
moved electrically from the cireuit, leaving only Ls, Lz, Ly, and L; to tune
the various eircuits to resonance on channel 13.

When the selector switeh is turned to channel 12, the top three switch
sections (Fig. 4-20) move down one position and the switch section in the
oscillator circuit moves (as shown in the diagram) to the left. In each
instance, one inductance coil is added to each tuning circuit, thereby lower-
ing the resonant frequency. In a similar manner, rotation of the selector
switch gradually adds more active inductance to each circuit as the operat-
ing frequency is lowered. Note that on the high-band channels, some of the
coils have parallel windings. This is done physically to develop the desired
amount of inductance.

In all of the switches, shorting of the unused coil sections takes place
at more than one point. This prevents the shorted coils from resonating with
the active coils, thereby forming a trap circuit. Should this oceur, it would
tend to absorb energy from the active portion of the tuning circuit and re-
duce the signal available to the RF amplifier and mixer. When absorption
traps are discussed subsequently, this behavior will be deseribed in greater
detail.

The sccondary winding of input transformer 7, has part of its turns
shorted on all of the high VHF band channels. This is achieved by a shorting
har mounted at the rear of the wafer which controls the active coils of the
Li4-Ly1a group. On the lower five channels (2 through 6), the secondary
of T, is utilized in full to provide a more efficient transfer of signal through
T,.

The RF amplifier has an AGC voltage applied to its grid through Rys.
C12 is a feedthrough capacitor, whereas C,o is simply a bypass capacitor of
conventional form. The output circuit of V, consists of Ly and L, through
Ly15. B+ voltage is brought to the plate by these coils, by L+, and by a feed-
through capacitor (C,;). L7 and C,5 combine to prevent any RF signal from
passing out of the tuner and onto the B+ line.

The RF signal at the plate of V, is transferred to the grid of the mixer
by a capacitance which is formed by wrapping a small section of insulation
wire around a similar section leading to V,. This physical arrangement,
known as a “gimmick,” provides a capacitive coupling equal to 0.36 mmf.
This arrangement serves the same function as a capacitor having a value
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this low. Hence, a capacitor symbol is shown, although no such physically
recognizable component is present.

Examination of the circuit between the RF plate and the mixer grid re-
veals that another gimmick capacitor, C;4, is used, together with the physical
capacitor Cg. The coupling is thus totally capacitive, there being no mag-
netic coupling between the L;p-Lj;5 coils and those in the Li¢-Lyi¢ string.
These capacitors are chosen and positioned in the circuit so that the desired
bandpass of 6-me is attained on all channels. Note that in order to achieve
the uniform 6-mc bandpass, C,s is added for channels 2 through 6; for chan-
nels 7 through 13, C5 is effectively shorted out of the circuit.

In the mixer-grid circuit, bias is developed by the injection of the oscil-
lator voltage through C,,. This biases the tube so that the desired mixing
takes place between the oscillator and incoming signals, producing sum-and-
difference frequencies. For the IF system, the difference frequencies are
desired.

Test points are available in the grid circuit of the mixer to enable the
grid bias to be measured and also to permit connection of an oscilloscope for
viewing the response of the RF stage or for injecting a sweep or AM signal,
when the video IF system is to be aligned. Test point 2 is used for the align-
ment work, while test point 1 is primarily available for measuring the grid
bias of the mixer. The latter is a useful point to check whenever defective
tuner action is obtained.

The output of the mixer is transferred to the video IF system by way of
Ly, Lg, Ca1, Cas, and Rg. Lg is an RF choke scrving as the direct plate
load of V4. It also brings the B+ voltage to the plate of this tube. Ly is the
first of the video-1F-tuning circuits, with a resonant frequency of 45.0 me.
Co7 is a coupling capacitor and Cag is a small feedthrough capacitor which
brings the signal through the wall of the tuner. (7 also serves to block the
d-c voltage at the mixer plate from reaching the IF system.

The oscillator circuit is of the ultraudion variety, with the tuning circuit
hetween the grid and the plate. The frequency of any given channel can be
varied by the fine-tuning capacitor, which is controlled by a slecve over the
selector switch and functions by moving a section of diclectric material be-
tween two fixed plates. One of these plates is actually the tuner case; the
other is secured a short distance from the tuner wall by an insulated bushing,.
As the sleeve is turned, it alters the amount of dielectric between these
capacitor plates, thereby varying the capacitance across the oscillator tuning
circuit.

L; and Lqp in the oscillator circuit have movable slugs which can be ad-
justed from the front of the tuner. The slug in L; primarily controls the set-
ting of the high-VHF-band coils {channels 7 to 13), while the L;, slug con-
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trols the low-VHF-band operation (channels 2 to 6). If the eircuit is fune-
tioning normally, adjustment of these coils should be all that is required for
the oscillator to produce the correct frequencies at each channel position. If
any channel is slightly off frequency, it will be necessary to remove the tuner
shield and, with a knife blade, either carefully compress the turns of a coil
or spread them apart until the correet oscillator frequency for that channel
1s attained.

Another wafer-switeh tuner is shown in Fig. 4-22. Circuits in various

Fic. 4-22. A wafer-switch tuner designed and produced by Sarkes-Tarzian.

tuners differ, but the line-up of stages and the physical arrangement of the
coils remain basically the same.

Drisc-type Tuners. The dise-type tuner (Fig. 4-23) is a cross between a
turret and a wafer-switch tuner, employing some of the mechanical and
electrical features of each.

A circuit of a disc-type tuner is shown in the diagram of Fig. 4-24. A
cascode RF amplifier is employed here, followed by a pentode mixer and a
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triode oscillator. It is also possible to use a pentode RF amplifier or a neu-
tralized triode, followed either by the arrangement shown or by a duo-triode.
The significant departure electrically of the disc-type tuner lies in the tuning
circuits and how they are arranged. For example, on the RF-input disc, a
series of coils is employed between channels 2 and 6 that has the same form
as a wafer-switeh tuner; that is, the coils are in series with each other and
are brought into the circuit actively, as needed, by a set of contacts. How-

-

Fic. 4-23. A disc-type tuner.

ever, for channels 7, 8, and 9, a completely different set of coils 1s brought
into the circuit. The same is true for channels 10 and 11 and, again, for chan-
nels 12 and 13. In each case, the two coils are mounted on a rotary dise which
is moved into position to make electrical contact with dual-switch points.
All tuned circuits are switched in a similar manner. The RF-amplifier
plate and the mixer-grid circuit are mounted on a larger disc which is posi-
tioned at the front of the tuner. The oscillator coils are mounted around the
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outer edge of the disc and, as in other tuners, these coils have tuning slugs
which can be reached from the front of the recciver. The other tuning coils
on this larger disc are positioned farther in from the edge. These coils come
in groups of channels—2 to 6, 7 to 9, 10 and 11, 12 and 13—just as they are
in the input-cireuit dise. Nonc of these inner ring coils are adjustable, al-
though external capacitors are available for peaking (generally on channel
10). In this respect, these circuits follow the practice employed in other
tuners.

Signal-coupling between the RF-amplifier-output circuit and the mixer-
grid-input circuit is provided by a capacitor and a gimmick for the low
channels. For the high channels, the individual coils at the end of each strip
of connected coils are coupled to each other.

Electrically, the disc-type tuner resembles the wafer-switch arrangement
in that it has groups of coils in series with each other for several channels.
It also resembles the drum-type turret tuner because different scts of coils
are employed for some channels.

Mechanically, the rotation of the dises with their tuning ecircuits re-
sembles the rotation of the drum-type turret tuner, in which all the circuits
are moved into position to make contact with a fixed set of contacts. The
disc-type tuncr is fairly simple to disassemble, to repair, and to align. It is
ruggedly constructed, made possible by self-winding springs and solid
molded discs. A detent spring and its roller ride directly on the scalloped
edge of the smaller disc. A steel plate is rivoted to this disc to provide it with
the necessary stability, rigidity, and ruggedness.

Continuous Tuning. Continuous tuning over the 12 television channels
is well liked by some people because it not only does away with the fine-
tuning control, but also enables the recciver to pick up the FM signals that
are located in the 88- to 108-me band.

Several continuous tuners have beén used at one time or another, al-
though at present this form of tuning is not popular. Of those that have been
used, the Inductuner, shown in Fig. 4-25, has enjoyed perhaps the greatest
popularity. In one form, shown in Fig. 4-25(A), this unit consists of three
separate inductances mounted on a common shaft. The coils, each containing
10 turns, are wound on ceramic forms; movable trolley sliders make contact
at each point on the coil.

Each trolley is grounded and, as it moves along, more and more turns of
cach coil section are short-circuited, progressively raising the frequency of
the circuit. The inductance can thus vary from 0.02 to 1.0 microhenry, per-
mitting a tuning range from 44 to 216 mec.

In later versions, shown in Fig. 4-25(B) and (C), the contact arm moved
around a spiral instead of along a solenoid. The advantages gained were
greater compactness. lower cost, and increased mechanical stability.
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Fic. 4-25. A continuous type of tuner. (A) represents an early version, (B) and (C)

newer versions.

Other types of continuous tuners included a permeability tuner and a
capacitance tuner. In the permeability tuner, the movable slugs of each coil
were mechanically ganged together and moved in or out of the coils 'when
the front-panel knob was rotated. There was one set of coils for the low band
and one set for the high band. A special switch on the front panel permitted
the changeover from one band to the other. The capacitance tuner was simi-
lar to radio-receiver tuners, employing a number of variable capacitors
ganged together by a common shaft.

Television Boosters. Owners of television receivers located in areas
where the signal strength is weak often attempt to improve the quality of
the pictures by adding an external booster to their sets. Boosters are basi-
cally nothing more than RF amplifiers, and when one is attached to a set,
it means, in effect, adding one or more RF amplifiers to that already existing
in the receiver.

The purpose in adding a booster is to strengthen the incoming signal to
such an extent that it will produce a picture possessing the full contrast
range and, at the same time, improve the signal-to-noise ratio so that the
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picture will be clear and free of annoying noise spots. Of these two objec-
tives, the improvement of the signal-to-noise ratio is the more difficult to
attain, but it is the more important. So let us pause and examine the rela-
tionship between noise and weak signals.

As stated previously, the ability of a receiver to amplify a signal is not-
limited by the amplification obtained from vacuum tubes but by the noise
arising from the tubes and the associated receiver networks. This noise is
known as “random noise” because it possesses no fixed frequency, but ex-
tends from zero to frequencies far above the television bands.

The noise that is developed in a receiver comes from two sources: ther-
mal agitation in conductors and electron flow through tubes. Thermal agita-
tion arises from the random motion of electrons within a conductor. No
external voltage is applied, but the electrons, using their own energy, move
to and fro along a conductor. This movement of electrons constitutes a cur-
rent flow. Since, at any given instant, a few more electrons are moving in
one direction than in the other, a voltage is set up in the conductor which
is proportional to the net current flow and the value of the conductor re-
sistance. The polarity of the voltage due to thermal agitation changes con-
stantly, causing electrons to move first in one direction and then in another.
Because of this, there is no definite pattern to the random voltage, or, for
that matter, any one frequency at which the energy changes. It has been
found that the energy of this disturbance is distributed uniformly throughout
the entire frequency spectrum used for communications.

The second source of receiver noise is developed in the tubes. While
several components make up this noise, the most important is the shot effect.
The current that flows in a tube is not a continuous fluid but a moving ag-
gregation of separate particles, the electrons. Noise voltages are produced,
even when so-called “steady currents” are flowing, because at any single
instant the number of electrons impinging on the plate differs from the num-
ber reaching this electrode at any other instant. Over a measurable period,
the current is steady, but at any one instant it fluctuates rapidly because of
the nonfluid nature of electrons. These instantaneous fluctuations are the
noise.

In a receiver, the noise that is developed by the first stage (the RF am-
plifier) 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. Whatever noise voltage appears at
the grid of the RF amplifier is amplified along with the signal; hence, to
obtain the best noise-free picture, we want to have as much signal and as
little noise as possible at the front of the set.

From these facts concerning noise, we see that in selecting a booster we
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desire one which has a low-noise figure. This characteristic is certainly as
important as gain. We can have all the gain in the world, yet if a large noise
voltage exists at the grid of the first-amplifier stage of the booster, the
noise-voltage output will be high. And nothing we can do thereafter will
reduce the noise.

Boosters are designed with two aims in mind: to improve the signal-to-
noise ratio and to amplify the weak incoming signal. Both are important
and both are needed. A booster capable of high gain but incapable of pro-
viding a good signal-to-noise ratio will give a picture filled with disturbing
noise spots. A booster possessing a minimum of internal noise but capable
of little gain will not amplify the signal sufficiently to permit it to override
the noise of the set. Again, the picture will be covered with noise spots. The
booster must have both attributes or it might as well have none.

There is a reason why a booster may not always help the set. Assume
that in the regular TV receiver (without a booster) the noise voltage existing
in the RF amplifier is 10 mv and the received signal is 30 mv. The signal-to-
noise ratio then is 3:1. We decide that, if we place a booster ahead of our set,
we will get a clearer picture. This may not be so.

Suppose the booster develops a noise voltage of 20 mv in its input circuit.
The incoming signal is still 30 mv. If the booster gain is 10, then what the RF
amplifier will receive is 200 mv of noise and 300 mv of signal. What is the
signal-to-noise ratio now? It is 3:2, which is not as good as 3:1. In this in-
stance, this booster has not helped to improve the quality of the picture.

If, however, the noise existing in the RF amplifier of the booster is less
than 10 mv and the same signal of 30 mv is received, then the signal-to-noise
ratio will improve and, with it, the quality of the picture.

Before we leave this subject of noise, it should be pointed out that
nothing has been said about noise generated outside of the set or the booster.
This noise, if present, comes down the transmission line with the signal and
is indistinguishable from the signal so far as the booster is concerned. To
overcome this noise it must be attacked at its source, or, if this is not feas-
ible, try to keep as little of it as possible from reaching the signal via the
antenna or the lead-in line. Standard methods of attack include increasing
antenna height, antenna replacement, and the use of shielded lead-in line.
It has also been found helpful to position the booster at the antenna (or at
least as close to the antenna as possible), where it will strengthen the sig-
nal before it has been subjected to the noise and enables it, with its ampli-
fied strength, to overcome better the adverse effects of the noise. Here again
we have attempted to improve the signal-to-noise ratio.

A commercial booster, shown in Fig. 4-26, is connected between the re-
ceiver and the antenna. All boosters are self-powered, developing their own
d-c voltage from the a-¢ power lines. The RF-booster circuits are similar
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F1c. 4-26. A television booster.

to the RF amplifiers already discussed. The trend, at present, is toward the
use of the newer triodes, although cascade amplifiers and pentodes are also
in use.

QUESTIONS

. Why are pentagrid converters seldom, if ever, found in television receivers?
. What is the difference, technically, between a mixer and a converter?
. Draw the circuit of an ultraudion oscillator.
. Indicate the differences in circuit between an ultraudion oscillator and a
Colpitts oscillator.

5. Explain the purpose of a fine-tuning control.

6. Where is the fine-tuning control placed electrically in the circuit? Draw a
circuit using this control.

7. llustrate two methods of coupling the oscillator signal to the mixer.

8. Using a single tube how is the oscillator frequency for each channel obtained?
Tllustrate your answer.

9. What is the mathematical relationship between the oscillator frequency and
the video and audio frequencies?

10. Explain why the video carrier is placed where it is on the video IF response
characteristic.

11. What is the difference between a turret-type tuner and a wafer-tier type
tuner?

12, Name several types of continuous TV tuners.

13. Why do we sometimes find an inductance in the screen-grid circuit of a
pentode mixer?

N
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14. Draw the circuit of a ecascode RF amplifier.

15. What is a booster and where is it used?

16. Explain why a booster may not always be beneficial to a television receiver.

17. Identify two sources of noise within a television receiver which determine the
quality of the reproduced picture.

18. In what ways does a disc tuner resemble a turret tuner? In what ways does
a disc tuner resemble a wafer-tier tuner?

19. What is a gimmick capacitor? In which diagrams in this chapter are such
capacitors employed ?

20. What is a feedthrough capacitor? Explain its physical structure. Where are
such capacitors principally found ?




CHAPTER 5

Video IF Amplifiers

Choice of Intermediate Frequencies. The television signal at the out-
put of the mixer has been reduced to its IF values. The change occurs in the
mixer where the incoming signals are beat against the local oscillator signal.
The IF amplifiers will now amplify these voltages and then transfer them
to a detector where the intelligence originally imparted to the signal will be
removed.

In order to understand why the particular IF values were chosen, let us
pause and determine what factors are most important in the design of an
IF system. There are three basic factors to consider:

1. Frequency of the IF stages
2. Gain
3. Selectivity

The procedure is to select the operating frequency first and then con-
sider the problems of gain and selectivity together.

The choice of an intermediate frequency may appear, at first, to be quite
simple since we know that at the lower frequencies it is easy to construct
amplifiers which have high gain. However, there is a limit to how low a
frequency can be used because of the stability of the circuits ahead of the
IF system and because of the bandwidth required by the television signal
itself. When a set is first turned on, it may require as much time as an hour
before the oscillator frequency stops drifting. When ordinary parts are
used in the construction of a receiver, the oscillator may drift as much as
0.2 per cent in frequency. At 60 me, this means a drift of 120 ke. Although
a shift of this magnitude may not noticeably affect the reproduced image,
it can certainly affect the television sound. This shift is especially true of
split-sound television receivers where the sound and video signals separate
before the video second detector. Hence, the stability of the oscillator and

119
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RF circuits will be governed by the FM audio-signal considerations. In the
interest of stability, a low IF value is indicated. However, there are the
requirements of the video IF amplifier to consider.

The IF tuned circuits must pass a band of frequencies 4 me wide. Sup-
pose we use the IF values which were used in the television reccivers of 1939
~8.75 me to 12.75 mec. At the second detector, the demodulated video-fre-
quency voltages extending from 0 to 4 mc would have to be separated from
the IF values 8.75 to 12.75 mc. To effect a clear-cut separation between the
video frequencies and the IF, it is desirable to have their ratio as high as
possible. At the low broadcast frequencies, the sound “spread” is only 5 ke,
which is a small fraction of the 455 IF. Thus, no difficult problem exists here.
But in a television receiver, as noted above, the separation between the de-
sired and undesired frequencies is considerably less, and the problem be-
comes more difficult. A high IF is desirable as this would simplify the prob-
lem of separation. As the IF value rises, it becomes more difficult to achieve
high gain and maintain good stability.

In addition to the above, there are various types of spurious responses
capable of affecting a receiver and they, too, influence the choice of an inter-
mediate frequency. The more important of these spurious responses are:*

1. Image response
2. Response to two stations separated in frequency by the IF value
3. Dircet IF response

Image Response. Image response is due to the mixing of an undesired
signal with the local oscillator signal in the mixer stage to produce a voltage
at the intermediate frequency. Since a frequency equal to the intermediate
frequency is produccd, this signal will be accepted and passed by the IF
amplifiers. As an illustration, suppose a television receiver had an IF carrier
value of 12.75 mec. This means that its bandpass extends from 12.75 mec to
8.75 mec. Further, suppose the set is tuned to the 54-60 mc tclevision channel,
no. 2. With the IF value specified, the local oscillator would be operating at
55.25 mc plus 12.75 me, or 68.00. If a powerful station is operating at the
same time, in the 76-82-mc channel, its signal will, in some measure, appear
at the mixer-stage input. Mixing of this signal with the oscillator voltage
within the mixer tube will produce signal voltages which will be at or suf-
ficiently close to 12.75 me to be accepted by the IF amplifiers. The result
at the cathode-ray tube is distortion.

By choosing an IF value greater than half the entire band to be covered,
it is possible to eliminate image response from that band entirely. For the
widest VHF television band (174-216 mc) this requires an IF value in excess

* One more spurious response which stems from neighboring television receivers isa
discussed on p. 122.
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of 21 me. (The UHF band, of course, is even wider, being 420 mc wide.
However, the IF chosen for a receiver should not be greater than the lowest
frequency to be received, in this case, channel 2, 54 mc.)

Stations Separated by the Intermediate Frequency. A second source cf
interference is caused by stations separated by the intermediate-frequency
value, In this situation, one incoming signal acts as the mixing oscillator for
the other signal, their difference frequency appearing at the output of the
mixer, or converter, stage at the intermediate frequency.

There are two solutions to this problem. One is to provide sufficient dis-
crimination in the circuits preceding the mixer so that they will reject two
signals so widely separated in frequency. The other is to provide a high IF,
one which is slightly greater than the entire band. In the upper-frequency
(VHTF) television band, this would be 42 me.

Direct IF Response. The third form of spurious response stems from
direct reception of a signal equal in frequency to the IF itself. To avoid the
need of incorporating special filters, wave traps, and shielding to prevent
interference from this source, an IF is chosen with a frequency that is not
used to any appreciable extent for commercial or amateur transmissions.
This accounts for such seemingly odd values as 10.7 and 9.1.

The foregoing by no means exhausts the subject of spurious responses.
However, the important contributing factors have been covered and it is
possible to see how they affect receiver design and operation. For the video
IF, a high value is indicated, and to a certain point, the higher the better.
This will not only reduce interference from spurious responses but alsc
simplify the problem of filtering the video signal in the detector output from
the IF. Opposing the use of a high IF are the disadvantages of reduced
gain, necessity for greater care in selecting components to prevent excessive
losses, additional shielding, and greater tendency of feedback through the
tubes and adjacent circuits and the relatively narrow bandwidths of the
audio FM circuits. For the latter, stability in the local oscillator is highly
important, and since stability is more readily achieved at the low fre-
quencies, a low IF is desirable. With all these considerations and in view of
the fact that, at the moment, it is more important to reduce spurious re-
sponses and other outside interferences from reaching the screen, a relatively
high IF is used.

When television was introduced commercially in 1946, the Radio and
Television Manufacturers Association (RTMA)* recommended a video-
carrier IF frequency between 25.75 and 26.4 mec. If 25.75 mc was chosen
(and it was extensively used), then the complete video signal extended from
25.75 me to 21.75 mec—a 4-mc range. The corresponding sound IF value was
4.5 me lower than the video carrier IF value. In this instance 25.75 me — 4.5

* Now known as the Electronic Industries Association (ETA).
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mc gives a value of 21.25 me. At the time these recommendations were made
it was felt that these frequencies were high enough to minimize the amount
of interference to which a TV set would be subjected and yet not so high that
manufacturing obstacles would be difficult to overcome.

For a number of years, these video IF values were employed with con-
siderable success. There was a certain amount of interference from medical
and industrial electronic equipment operating in the 21-t0-27-mec range and
from harmonics of near-by amateur stations. FM stations (88-108 me) also
caused some image interference. However, what was somewhat unexpected,
and what proved to be very annoying, was the interference that came from
neighboring television receivers.

Suppose your set is tuned to channel 5 (76-82 mc) and a neighbor’s set
is tuned to channel 2 (54-60 mc). If his video IF value is 25.75 me, then his
local oscillator is operating at 81.0 me, because 55.25 me (video RF carrier)
beating against 81.0 me produces the difference frequency of 25.75 me. Now,
if some of this 81.0-mc voltage is radiated from your neighbor’s antenna to
your antenna, a series of fine stripes will appear across your screen.

By similar reasoning it can be shown that interference can be produced
also on channels 6, 11, 12, and 13. In each case, of course, the interfering re-
ceiver would have to be tuned to a different channel. With the growing con-
centration of television receivers in large cities and suburban areas, this
problem became a serious one to the TV owner. There are ways by which
a certain amount of relief can be achieved by slightly altering the IF values
of the interfering receiver. However, this alteration represents an added ex-
pense to a TV owner and from a commercial standpoint is not desirable.

In view of this situation, studies and research were carried on to deter-
mine IF values which would eliminate some of these undesirable interfer-
ences. The results revealed that a sound IF of 41.25 me¢ and a video IF of
45.75 me would serve much better. These frequencies are now recommended
by the EIA and extensively employed. The circuits for either set of fre-
quencies are similar and will be referred to interchangeably in the discussion
that follows.

Separation of Video and Sound Signals. The television signal in the
plate circuit of the mixer has been reduced to its IF values. What happens
to the video and sound signals now depends upon the type of system being
employed in the receiver. In the intercarrier type of set, both sound and
video signals remain together, at least until the video second detector. In
the split-sound receiver, separation of the video and sound signals takes
place before the video second detector. The separation may occur at the
plate of the mixer or it may occur in any one of the video IF amplifiers. But
wherever the separation, only the video signal remains by the time the video
second detector is reached.
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Since signal separation in split-second receivers must take place before
the video second detector, it may be instructive to briefly examine typical
separation methods. In one method, the mixer transformer (7, in Fig. 5-1)
is a combination video.IF transformer, sound trap, and sound IF trans-
former. The primary winding of T is peaked at 21.8 me, but since its fre-
quency response is fairly wide, all the video and sound frequencies appear
across it. The secondary of T, is a high-Q resonant circuit, sharply peaked
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Fic. 5-1. A signal separation network.

to 21.25 me, the sound carrier IF value. The resonant circuit absorbs the
sound IF component from the primary, transferring it to the grid of the first
IF amplifier. The rest of the signal on the primary of T'; is unaffected by the
trap and continues on into the video IF system.

It should be noted that although the secondary of T absorbs a con-
siderable portion of the sound IF voltage appearing across the primary, it
does not absorb all of it. Hence, a second and sometimes a third sound trap
will be found at a subsequent point in the video system.

Signal separation by means of a series-resonant circuit is shown in Fig.
5-2. C; in conjunction with L, forms a series-resonant path from the plate
of the mixer to ground at the sound intermediate frequency. (C» shunted
across L; is used to achieve another effect, which will be discussed in a sub-
sequent section dealing with trap circuits.) In any series-resonant cireuit,
the opposition offered to an applied voltage is low when its frequency is
equal to the resonant frequency of the circuit. Maximum current then flows
through each component in this series branch. Moreover, and this is im-
portant, the voltage across each component at resonance is @ times the ap-
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Fic. 5-2. A series resonant circuit, C; and L, (the latter in conjunction with C,),
separates the sound and video IF voltages.
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plied voltage, where @ is the @ of the circuit (generally this means of the
coil). Thus, if the applied voltage is 5 and the @ is 5, the potential across
the series capacitor and inductance, each, will be 25 volts. It is true, of
course, that the voltage across the coil is 180 deg out of phase with the
voltage across the capacitor, and these, taken together, nullify each other.
However, if we consider each component by itself, the rise in voltage is con-
siderable. In the circuit of Fig. 5-2, the voltage fed to the grid of the first

FROM

_ IST VIOEO
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sound IF amplifier is developed across the coil of the series-resonant circuit.
At the sound intermediate frequency, a resonant rise in voltage occurs, pro-
'viding a sizable voltage for the grid of the first sound IF amplifier. At the
same time, Cy, Cy, and L, form a trap, reducing the amount of sound IF
signal that is penetrating the video IF system. '

Still another method of signal separation is exemplified by the circuit
shown in Fig. 5-3. Two tuned circuits are connected in series in the plate cir-
cuit of the mixer. The top resonant circuit receives the Video IF signal while
the lower resonant circuit is sharply tuned to the sound IF. Currents of both
signals pass through both coils, but the greatest voltage drop in the top coil
will be at the video IF and the greatest voltage drop in the lower coil will ke
at the sound IF. The signal in each resonant circuit will then transfer to its
respective system.

In some receivers, separation of the signals does not occur until the out-
put of the first IF amplifier or even later. Thus, in Fig. 5-4, the signal is
first passed through the first IF amplifier,

whereupon a third winding is coupled to STt e

the interstage transformer and the energy =

it absorbs is fed to the control grid of the

first sound IF. Sometimes the manufac- P E;! 38

turer labels this first stage as the first- oos

video IF. Actually, a better designation ’ T }

would be, simply, first IF, since both ¥ El

video and sound IF signals are amplified. L— 10 15T
B+ » SOUND 1LF

Most split-sound receiver designers
effect the video and sound IF separation Fic. 5-4. Sound- and video-signal
at the output of the first IF stage. How- separation by means of a third

. . . winding on the interstage trans-
ever, some receivers delay this operation formers.
until the second IF or even the third IF
amplifier. By delaying the separation, the advantages of additional amplifi-
cation are gained, which can be employed to reduce the number of sound IF
amplifier stages. On the other hand, there is danger that enough sound FM
voltage will reach the video second detector to produce interference across
the video screen.

Video IF Amplifiers.* In any superheterodyne circuit, the major por-
tion of the overall gain and selectivity is contributed by the IF amplifiers.
Sce Fig. 5-5. Consequently, it is most important for all those working with
television receivers to be familiar with the shape of the IF response charac-
teristic and to understand why this particular form was chosen. The reason,
as we shall see, lies with the signal transmitted by the broadcast station.

* The video-IF-amplifier section remains essentially the same for split-sound and
intercarrier operation. Such differences that do exist will be brought out as we proceed.
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Fi6. 5-5. The position of the video IF amplifiers in the television receiver.

A television signal, when broadcast, has the form shown in Fig. 5-6. It
is amplitude-modulated, but differs from conventional AM signals by hav-
ing essentially only one sideband. The other sideband, of which remnants
are still present, has been effectively suppressed. This is known as “vestigial
sideband transmission” and is the standard in modern television. When any
carrier is amplitude-modulated, an upper and a lower sideband form auto-
matically. However, because identical information is contained in each side-
band, only one sideband is required at the receiver.

Complete suppression of the lower sideband is the goal, but it is not eco-
nomically achievable. It is impossible to eliminate completely one sideband
by means of simple filters without, at the same time, distorting near-by por-
tions of the remaining sideband. As a compromise between economy and
easily adjustable circuits on the one hand and minimum distortion and band-
pass on the other, it was decided to remove all but 1.25 me of the 4.0-mec
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Fic. 5-6. The distribution of the television signal us broadeast by a television
station.
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lower sideband of the video signal. The transmitted signal, then, consists of
this 1.25 me plus the carrier plus 4.0 mc of the upper sideband. With the
addition of the near-by audio carrier and its sidebands, the full 6.0 me
allotted each television station are obtained.

Within the receiver we must take the upper sideband, together with the
remnants of the lower sideband, and provide a response characteristic in
which all sideband frequencies will have available an equal amount of am-
plification. In sound AM sets this presents no great problem because both
sidebands are alike. But things are different in the television signal. Here,
there is 1.25 mc of the lower sideband and 4.0 mc of the upper sideband.
The lower video frequencies (those having frequencies close to the carrier)
are contained in both the upper sideband and the remnants of the lower side-
band. However, all video frequencies above 1.25 me are present only in the
upper sideband, having been suppressed in the lower sideband. If both the
low and the high video frequencies are accorded equal amplification in the
receiver, proportionately more low-video-frequency voltage will be devel-
oped at the second-detector output than high-video-frequency voltage. It
is to prevent this situation that the receiver response characteristic shown in
Fig. 5-7 is generally employed. At the carrier frequency the response is 50

VIDEO CARRIER
(2575 OR 4575MC)
AUDIO CARRIER

(21.25% OR 41.25MC

F1G. 5-7. The desired response curve of the video IF system.

per cent down, increasing linearly toward a maximum for the higher fre-
quencies and decreasing for the lower frequencies. Roughly speaking, the
lower video frequencies, for which there are two sidebands, receive half the
amplification accorded all video frequencies above 1.25 me. In this way, we
equalize the response for the low and the high video frequencies. To the
serviceman, the shape of this curve is important in his work on television
receivers. When aligning the IF stages, he must be careful to place the
video carrier close to the 50-per cent point. At the same time, the circuits
should be adjusted to provide the maximum bandpass. Detail in a television
image is dependent upon the strength of the high video frequencies present.
When the response curve drops at the upper end of the curve, fine detail
becomes fuzzy and indistinct. Poor low-frequency response gives rise to poor
synchronizing action, smearing, and a generally darker image.

The response curve in Fig. 5-7 is an ideal curve. Much more common in
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present video IF systems is the response curve shown in Fig. 5-8. The two
curves are seen to differ slightly, principally across the top. In Fig. 5-7 the
top of the curve is flat; in Fig. 5-8 the top is rounded, and the shape of the
overall curve is more symmetrical. From the
standpoint of fidelity, the first curve will result
4575  in a truer reproduction of the original scene
televised at the broadcast station. The difference
is so slight, however, that without the original
for comparison, the viewer is unaware of any
deterioration. The symmetrical response curve

Fic. 5-8. A common form . .
of video-IF-response curve 1S also easier to develop when only three. IF
found in present commercial Stages are employed. More and more receiver
TV receivers. manufacturers are therefore designing their
video IF systems to develop the more symmet-
rical response curve. (This second curve is sometimes called a “gaussian
curve” because of its resemblance to gaussian probability curves used by

statisticians.)

The important feature of these gaussian curves is the position of the video
carrier (50-per-cent point) and the position of the sound carrier (about
5-per-cent point).

Video Interstage Coupling. Video IF systems can be conveniently clas-
sified according to the type of interstage coupling employed. All systems can
be placed in at least one of the following categories (some make use of two) :

T

N
41.25 MC 47.25 MC

1. Transformer coupling
2. Stagger-tuned coupling
3. Complex coupling

Transformer Coupling. Typical of the transformer-coupled video IF
systems is the circuit shown in Fig. 5-9. Transformers T; and T, are over-

6CB6
1STVIDEOIF

[ 47.25 MC
TRAP

1000

B+ AGC B+

Fi. 5-9. A typical transformer-coupled video IF amplifier. The addition of the
trap cireuit to T, does not alter the operation of this stage.
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coupled and loaded with resistance to provide approximately a 4-mc band-
pass-frequency characteristic. A third winding on T's functions as a trap to
attenuate certain undesirable frequen-
cies. (A complete discussion of trap
circuits will be given presently.) The
overall response of the video IF sys-
tem (of which Fig. 5-9 is one stage)
is shown in Fig. 5-10.* The curve is
approximately 4.0 me wide, extending Fic. 5-10. The overall response of a
from 41.75 mc to 45.75 me. The IF  complete transformer-coupled IF sys-
value of the video carrier is 45.75 mec tem.

and as such receives only 50 per cent

of the total amplification. The video frequencies containing the image in-
formation then extend from this point to 41.75 me.

While a 4.0-mc bandpass is to be preferred, little loss in picture quality
will be noted for pass bands of 3.5 mc. In many sets, the response begins
to fall at 3.0 mec. A narrower bandpass permits the manufacturer to effect
economies in design and, in a field as competitive as television, cost is always
an important consideration. Of course, this practice cannot be carried too
far, or picture quality will be materially degraded.

In Fig. 5-9, only a single IF stage is shown. Actually, there would be
three or four, this number being required to provide sufficient amplifica-
tion for the signal. One such complete system is shown in Fig. 5-11. Three

3R0 VIDEO IF

280 VIDEO IF G816

|7 VIDEOQ IF

AGC
Fig. 5-11. A transformer-coupled video IF system.

stages are employed, with four interstage coupling transformers. Each set
of transformer windings is overcoupled and resistor-loaded. A third winding

* Video IF response curves may be shown either with the frequency increasing from
left to right (as in Fig. 5-10) or with the frequency rising from right to left (as in
Fig. 5-7). Both types of presentations are used extensively and interchangeably through-
out the industry.
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in three of the transformers serves as a trap to prevent certain undesirable
frequencies from passing through the system.

Two of the three IF stages, V; and V;, are AGC-controlled. The final IF
stage employs cathode bias and does not tie into the AGC network.

The trap circuits shown in Fig. 5-11 play an important role in the
operation of this and other video IF systems. Let us therefore consider in
greater detail their form, mode of operation, and purpose.

Trap Circuits for Television Receivers. Television receivers are con-
tinually beset by a host of interfering signals, any one of which is easily
capable of distorting or completely destroying the desired image. Fortu-
nately, many of these interfering signals never get beyond the input tuner
and, consequently, are suppressed before harm is done. Some, however, are
so close to the channel frequency to which the set is tuned that they are
able to penetrate the RF defense and reach the video IF system. This system
actually constitutes the main bulwark against all interference and once a
signal passes through these stages successfully, there exist few stopgaps
between the video detector and the cathode-ray tube. Every effort must be
made to suppress any signal which is capable of distorting the reproduced
image.

In order to receive a 6-mc band of frequencies, the RF and converter
tuning circuits are designed with a low @, which means that the sides of the
input curve are not very steep, like the sides of a rectangle, but tend to taper
off gradually. Figure 5-12(A) illustrates a typical input characteristic of a
modern television receiver. With a response of this type, voltages at the
frequency of the sound carrier of the next lower channel or the picture car-
rier of the next higher channel could penetrate through the RF stages and
reach the video IF system. Unless trap circuits are inserted in the video IF
system (or even beyond), the effect of these interfering signals will be detri-
mental to the image.

To ascertain the frequency of the most important interfering signals,
suppose the receiver is tuned to channel 3 (60-66 me) and the video carrier
IF value is 45.75 mc. The sound carrier of the next lower channel (54-60
me) is at 59.75 me. A signal at this frequency when mixed with the local
oscillator (107.00 for channel 3) will develop a difference frequency of 47.25
me. This is the frequency of one interference signal.

The second interference signal is the picture carrier of the next higher
channel (66-72 me). When this beats with the same local oscillator, a differ-
ence frequency of 107.00 — 67.25 mc, or 39.75 me, is produced.

The two frequencies—(1) sound from the next lower channel (47.25 mc)
and (2) picture carrier from the next higher channel (39.75 me)—must be
eliminated from the video signal before it reaches the cathode-ray tube.
Channel 3 is used in this illustration, but any other channel could have been
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Fic. 5-12. (A) The RF response curve of most television receivers. Note that signals

from a}djacent channels can be received. (B) A series trap circuit. (C) An absorption

trap circuit. (D) The double-humped response curve characteristic of closely coupled
circuits.

chosen. In all cases where closely adjacent channels exist, the two inter-
fering frequencies will be 47.25 and 39.75 mc for this receiver. Note, however,
that there are channels which are not subject to such interference. Thus,
channel 2 (54-60 mc) does not possess an adjacent lower channel; on the
other hand, channel 4 does not possess a closely adjacent higher channel.
By “closely adjacent” is meant channels which follow each other without
any frequency separation. Channel 4 is followed by channel 5, but the end
of channel 4 and the beginning of channel 5 are separated by 4 me. Channel
4 is 66-72 mc; channel 5 is 76-82 mec. This 4-mc separation is sufficient to
prevent any of the frequencies in channel 5 from adversely affecting channel
4. However, channel 2 (54-60 me) is closely followed by channel 3 (60-66
me), and interference is possible. The same is true of many of the other
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channels—hence the importance of using these traps. The trap frequencies
will vary with the video and audio IF values employed in the circuit. The
purpose of the traps, however, remains unchanged.

The objection may be raised that traps are not really necessary because
under existing regulations adjacent channels are not assigned to any one
community. This is true. However, communities which are located com-
paratively near one another are assigned adjacent channels. Thus, consider
New York and Philadelphia, only 90 miles apart. New York is assigned
VHF channels 2, 4, 5, 7, 9, 11, and 13; Philadelphia is assigned VHF chan-
nels 3, 6, and 10. Any set situated between these two cities would certainly
be subject to considerable interference and would definitely require trap
circuits. This same situation is true in many other parts of the country.

Adjacent channel traps could be used in split-sound and intercarrier
receivers.* On the other hand, there is one additional trap that is always
used in split-sound receivers and frequently used in intercarrier sets.
This trap is designed to attenuate the sound IF voltage and prevent it from
reaching the picture tube. It will be remembered that sound- and video-signal
separation in split-sound reccivers oceurs before the video second detector.
However, while a substantial portion of the sound signal is removed at the
separation point, enough energy does remain to cause interference to the
picture. Indications of sound interference are the appearance of ecither a
wormy, finc-line pattern (Fig. 7-32) or a scries of dark horizontal bars
(Fig. 7-33), or both. (See p. 216 for details on these patterns.)

In split-sound reeeivers this trap is more important than any of the
other traps because adjacent channcl stations arc not always present, but
the sound of the same channel is.

In intercarrier receivers a sound trap is also used. Here its purpose
1s not to reject the sound IF signal completely, but rather to make certain
that it is kept at its proper low level. When a sound trap is not used,
it gencrally means that the overall response curve of the normal tuning
circuits is sufficiently far down at the sound IF value to attenuate the sound
carricr to the desired 5-per cent level.

Type of Traps. A series trap circuit is shown in Fig. 5-12B. It is placed
between two IF stages and tuncd to the frequency to be rejected. Trap
circuits are sharply tuned networks, designed to reject one frequency or, at
most, a narrow band of frequencics. When a signal at the trap frequency
appears at the plate of ¥V, (Fig. 5-12B), the impedance offered by LC is
high, absorbing most of this interference voltage. A negligible amount ap-
pears across the input circuit of the following IF amplifier. At all other

* Whether or not a receiver contains these traps is largely a matter of design and
economics. Some sets have one or the other trap; some have both; and a few have none.
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frequencies, the resonant circuit offers negligible impedance, and the desired
signal passes easily.

The absorption trap, shown in Fig. 5-12C, is the most widely used type
of rejection circuit. It consists of a coil (and parallel fixed capacitor) induc-
tively coupled to the plate load of an IF amplifier. When the IF amplifier
receives a signal at the resonant frequency of the trap circuit, a high, circu-
lating current develops in the trap (as a result of the coupling between the
trap and the plate coil), and the voltage in the video coil, at the trap fre-
quency, becomes quite low. Consequently, very little of this interference
voltage is permitted to reach the next amplifier.

To explain this action more fully, two resonant circuits closely coupled
will give a double-humped curve, such as is shown in Fig. 5-12(D). Note the
sharp decrease in primnary current at the center frequency. In the case of
the two tuned circuits of Fig. 5-12C L, is tuned to a band of frequencies
while the secondary is sharply set at one frequency. Since the primary band
coverage includes this one frequency, there is a sharp drop in primary voltage
at this frequency, due to the presence of the trap. It is this interaction be-
tween coils which produces the marked decrease in voltage at the trap fre-
quency. The other frequencies in this signal are unaffected by the trap.

6BZ6
VIDEO LFE

Fic. 5-13. Two types of cathode, or degenerative, trap circuits.

A cathode, or degenerative, trap, shown in Fig. 5-13(A), is a sharply
tuned parallel-resonant circuit coupled to a coil in the cathode leg of a tube.
Coil L, in series with C; forms a broadly tuned series-resonant circuit to the
same range of frequencies as Lp, which permits V; to function as a normal
amplifier for all signals within this frequency range. However, at the
resonant frequency of the trap, a high impedance is reflected into the cathode
circuit (by the trap), and the gain of this stage is reduced by degeneration.

Another type of cathode trap, illustrated in Fig. 5-13(B), places the
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parallel circuit directly into the cathode leg. At the resonant frequency of
the trap the impedance in the cathode leg will rise, producing a large degen-
erative voltage and reducing the gain of the amplifier. At all other fre-
quencies, the impedance of this parallel network is low, and only a small
degenerative voltage appears. There is thus only a slight loss in gain.
Parallel traps are series-resonant circuits which are placed across (or
in shunt with) the circuit. See Fig. 5-14. At the frequency for which it is

(8)
Fic. 5-14. Two types of parallel trap circuits.

set, the trap acts as a short circuit, bypassing all signals of the same fre-
quency to ground and preventing their further penetration into the circuit.
At other frequencies the trap circuit presents a relatively high impedance,
permitting these signals to proceed farther into the circuit.

The simplest type of parallel trap is illustrated in Fig. 5-14(A). A
capacitor and a variable coil, in series with each other, are connected across
the signal path. Any signal possessing the same frequency as the trap will
“see” a virtual short circuit upon reaching this portion of the circuit. The
simple capacitor-and-coil trap is effective if the @ of this network (prin-
cipally the coil) is quite high. However, when the Q is low, the tuning of
the network is broad and more than one frequency is attenuated. A more
| efficient parallel trap is shown in Fig. 5-14(B).

.
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At first glance, the trap network appears as a parallel-resonant cireuit
rather than a series-resonant circuit. Let us, however, analyze its operation.
The example, Fig. 5-14(B), is taken from a commercial television receiver.
It is designed to bypass or trap the audio-carrier voltage of the signal
being received. In this instance the IF frequency is 41.25 me.

If we consider first L, and Cs, ignoring C, for the moment, then we have
a parallel-resonant circuit, tuned to 42.25 me. The coil Q is 200, and a fairly
large voltage is developed across the combination at this frequency. Now,
it is easily demonstrated that, for all frequencies lower than its resonant
frequency, a parallel resonant circuit appears inductive. (At the resonant
frequency, of course, it presents a purely resistive impedance.) For fre-
quencies above resonance, the impedance presented is capacitive. This latter
fact can be understood by noting that for higher frequencies, the parallel
capacitor offers less impedance than the coil. Consequently, most of the
current flows through the capacitor, and the circuit current possesses a
leading phase. Since the audio IF of 41.25 mc is below the 42.25-mc resonant
frequency of L, and C,, the parallel combination appears inductive to the
audio IF signal. By resonating this inductance with C,, we obtain a series-
resonant path for the audio IF signal, and the audio IF voltage is bypassed.

By providing a parallel-resonant circuit (L, and C3) for 42.25 me, we ob-
tain a sharp rise in voltage just beyond 41.25 me. Since the 42.25-mc value
is included in the range of the desired video frequencies (they extend from
45.75 me down to 41.75 mc), we insure that the video frequencies are passed
by the trap with negligible attenuation while, at the same time, forcibly
suppressing the undesired audio carrier IF.

Bridged-T Traps. A fifth trap, which is more complex than any of the
foregoing circuits but also more effective, is the bridged-T trap shown in Fig.
5-15(A). Ly, C, and C; are resonated to the frequency of the signal to be
rejected. Now, if the value of the resistor R is properly chosen, the attenua-
tion imposed upon a signal to which L,, Cy, and C, are resonated will be
great. Ratios of 50 and 60 to 1 are easily attainable using components which
possess manufacturing tolerances.

Some understanding of the operation of this trap can be obtained if we
take the bridged-T network shown in Fig. 5-15(B) and transform it into the
equivalent network of Fig. 5-15(C). This is called a “delta-wye transforma-
tion” and can be readily accomplished with well-known electrical theorems.
If the various components of the bridged-T network Ci, L;, and C. are
properly chosen, Z, will have a negative value. If we make R equal to Z,,
then the total impedance between points 1 and 2 will become zero, effectively
short-circuiting signals of the frequency to which the bridged-T netwerk is
tuned. For all other frequencies the trap offers little shunting effect and the
signals pass through with negligible attenuation.
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Fic. 5-15. (A) A bridged-T trap. (B) The same circuit shown in block form. (C)
An equivalent electrical network.

Tuning the Traps. To adjust the traps to their proper frequencies, the
following procedure is employed:

1. Connect an AM signal generator to the grid of the mixer.

2. Connect a vacuum-tube voltmeter across the load resistor of the video
second detector.

3. Set the signal generator to the trap frequency.

4. Using an alignment screwdriver or wrench, change the capacitance
or inductance of the proper trap until a minimum voltage is registered at
the detector. Consult the manufacturer’s instructions for the resonant fre-
quency of each trap circuit.

5. Follow the same procedure for each trap, each time altering the signal-
generator frequency to correspond.

(Always check the manufacturer’s instructions to determine whether a
certain bias should be applied to the controlled video IF stages during trap
alignment. This is frequently done.)

For most television receivers, the traps are adjusted before any video
IF alignment is begun. During the video-alignment process, the adjustment
of the traps should be rechecked because they are affected to some extent by
changes in the associated video IF tuning coils and transformers.

Stagger-tuned IF Systems, The majority of present-day television re-
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ceivers employ tuning circuits in the video IF system which are stagger-tuned
in frequency, that is, the various tuning ecircuits are peaked individually
to different frequencies within the bandpass of the system. It may be that
two circuits in different stages are tuned to the same frequency, but never
will all of the tuning circuits peak to one frequency. In short, there is a
spread of frequencies, but when the individual responses are combined, they
produce an overall curve which is similar to the curves of Fig. 5-8.

A simple stagger-tuned IF system is shown in Fig. 5-16. One tuned
coil, located between the first- and second-video IF stages, is peaked (in

2N0 VIDEQ IF
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Fic. 5-16. A simple stagger-tuned video IF system.

this circuit) to 45.3 me. Inductively coupled to this coil is an absorption
trap resonated at 47.25 mec, which is the frequency that the sound carrier
of an adjacent lower channel would produce if its signal entered the receiver.
The trap will absorb any such signal voltage present and prevent it from
proceeding further through the IF section. The remainder of the video signal
will be unaffected by the trap and continue through the system. The second
coil, between the second- and third-video IF amplifiers, is peaked to another
frequency (here 43.1 mc) within the video bandpass. In similar manner,
by adding two or three more IF stages, each possessing a coil tuned to a
different frequency, we can achieve the desired video bandpass, whether it
is 3.0, 3.5, or 4.0 me.

The number of video IF amplifiers employed in any set is determined
chiefly by the price of the set. In quality receivers, possessing the full 4.0-me
bandpass, there might be five stagger-tuned coils, using four video IF stages.
In other sets, where a 3.0-me spread is common, three or even two video IF
amplifiers might be employed. Regardless of the number of stages used,
the basic operation remains the same.

Stagger-tuning. Stagger-tuning is employed so extensively in video
IF systems that it might be instructive to analyze these circuits in greater
detail. As a first step in this analysis, let us define bandwidth.
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A typical resonance curve for a parallel tuning circuit is shown in Fig.
5-17. The response is not uniform but varies from point to point. At the
resonant frequency (labeled F, in the diagram) the response of the circuit is
at its peak, or maximum. From this point, in either direction, the response
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F16. 5-17. The accepted definition for bandwidth of a tuned system.

tapers off until it soon becomes negligible. With a characteristic of this
type, what would you say the bandwidth was? Obviously the answer to
this question is arbitrary. We could say, for example, that all frequencies
between the points B and B’ on the curve should be considered as part of
the bandwidth. Or, we could choose points C and C’ and say that all fre-
quencies which receive an amplification equal to that of points C and C’ or
greater, should be considered as within the bandpass of the circuit. Note that
this does not prevent other frequencies—those that receive less amplification
—from passing through the circuit.

The arbitrary definition generally accepted for bandwidth is illustrated
in Fig. 5-17. The bandwidth of a circuit is equal to the numerical dif-
ference in cycles between the two frequencies at which the impedance pre-
sented by the tuning circuit is equal to 0.707 of the impedance presented at
Fo (i.e., the maximum impedance). Thus, in the response curve shown in
Fig. 5-17, the impedance at points A and 4’ is 0.707 (or 1/N/2) of the im-
pedance offered by the circuit at Fo. In this particular illustration, Fig. 5-17,
the bandwidth is 0.4 me.

A further note of importance is that, if the gain of the circuit is considered
equal to 1 at Fy, it is down 3 db at points A and A’. That this is so can be
seen from the following:

The definition of decibel is given by db =20 log (E,/E.), where E,
here would be the voltage at Fo, and E» would be the voltage at points A
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and A’. For the sake of simplicity, let us assign a value of 1 volt to E;. At
either point A or point A’ the impedance offered to the same signal is

1/\/2, or 0.707 times as great. The voltage developed at either of these two
points will therefore be 0.707 volts. Substituting these values in the formula
we have db = 20 log (1/0.707), or db = 20 log 1.414, or about 3 db.

Points A and A’ are also known as the “half-power’” points because P =
E:%/R, and since E; = E,/\/2, then P4_4 = E,?/2R, which is one-half the
power developed across R at Fo, the peak of the curve.

With this concept of bandwidth in mind, let us consider two single-tuned
amplifiers, both tuned to the same frequency. If these two amplifiers are
in cascade (i.e., follow each other), then the overall bandwidth is not equal
to the bandwidth of either circuit, as one might expect, but to 64 per cent
of this value. The reason for the shrinkage in bandwidth will be apparent
from the following:

The response curve of the first amplifier, shown in Fig. 5-18(A), has a
maximum value of amplification of 1 at Fy, its peak, and 0.707 at the ends
of the bandpass. Let us say that the mid-frequency is 10 me, while the
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Fic. 5-18. Two tuned circuits, each peaked to the same frequency, produce an
overall response in which the bandwidth is less than that of either curve taken
separately.
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end frequencies of the bandpass are 9 and 11 me respectively. If each of
these three frequencies has an amplitude of 1 volt at the input to this tuned
stage, then at the output they would possess the following values: at 9 mec,
1 X 0.707 = 0.707 volt; at 10 me, 1 X 1 =1 volt; and at 11 me, 1 X 0.707 =
0.707 volt.

These same three frequencies are now passed through the second tuned
circuit. Since this second circuit possesses the same characteristics as its
predecessor, here is the result at its output: at 9 me, 0.707 X 0.707 = 0.49
volt; at 10 me, 1 X 1 =1 volt; and at 11 me, 0.707 X 0.707 = 0.49 volt.
After passage through the two amplifiers, 9 me and 11 me are no longer
within the 0.707 region about the resonant frequency of 10 me. To find fre-
quencies with voltages equal to at least 0.707 of the 10-me voltage we must
move closer to 10 me. The result, of course, is a narrower bandpass; more ac-
curately, 36 per cent narrower. See Fig. 5-18(B).

Now let us consider two single-tuned amplifiers, each with the same
bandwidth, but with their peaks separated (or staggered) by an amount
equal to their bandwidth. See Fig. 5-19. The result is a response in which

INDIVIDUAL STAGE
RESPONSES

OVERALL RESPONSE

AMPLITUDE

—F F, Fo Fa +F

Fic. 5-19. By stagger-tuning two tuned circuits we obtain a wider bandpass.

the overall bandwidth (to the 0.707 point) is 1.4 times the bandwidth of
a single stage. The overall gain, however, is now only one-half that of the
two stages tuned to the same frequency. This is so because at the center
frequency of the overall response curve, the individual stage responses
are only 0.707 of their peak response. The product of the stage gains is ap-
proximately one-half (0.707 X 0.707 = 0.5). This would be stagger-tuning.

Now, to progress onc step further. We have seen that by stagger-tuning
two tuned circuits, we achieve 1.4 times the bandwidth of a single stage but
with only one-half of the gain. Suppose, however, we retain stagger-tuning,
but we decrease the bandwidth of each individual tuned circuit. The overall
bandwidth of the stagger-tuned system will still be 1.4 times the bandwidth
of the individual stages. However, because we have decreased bandwidth




VIDEO IF AMPLIFIERS 141

of the individual coil 1.4 times, this new figure will be less than 1.4 times
the figure obtained when each individual bandwidth was greater. The ad-
vantage of this method is that we still get a greater bandwidth than if we
had not stagger-tuned the circuits, and the overall gain remains high.

A simple illustration will make this clcarer. Supposc that the band-
width of cach individual stage is decreased to 0.707 of its original value. To
do this, we raise the individual circuit @’s to 1.4 times their previous value
which will provide an increase in gain of 1.4 times. Now, when the stages
are staggered by an amount equal to this reduced bandwidth, the overall
gain is one-half the product of 1.4 times 1.4. The answer is approximately I.
Thus the overall gain is now the same as that obtained with the previous
amplifier with both circuits tuned to the same frequency.

Other systems can give high gain and bandwidth, but the primary ad-
vantage of the stagger-tuned amplifier is its ease of alignment.

An important relationship, and one to be remembered, is that bandwidth
of any parallel-resonant circuit (or an ordinary resistance-coupled ampli-
fier) is inversely proportional to the amplification of that system. Expressed
a little differently, we can say that bandwidth X gain = constant. Thus, if
we increase the bandwidth of a system 1.5 times, we decrease its gain the
same amount. For any individual tuning coil, bandwidth = F,/Q, where
F, is its resonant frequency, and @ is the figure of merit of the coil. This
expression tells us that, for any given resonant frequency, increasing the
bandwidth can only be accomplished by decrcasing the @ of the coil a
proportional amount. However, if we raise the resonant frequency of the
coil, maintaining Q constant, then the bandwidth will increase in like
measure.

Commercial Stagger-tuned IF Systems. The interstage tuning circuits
commonly employed in stagger-tuned IF systems are either single coils or
bifilar coils. Fig. 5-20 shows a typical IF system using stagger-tuned
single coils. Four IF stages arc used, with two of the coils peaked to one
frequency and two peaked to another frequency. (If the designer wishes, all
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may be tuned to different frequencies, that is, there may be a total stagger-
ing of frequencies or the coils may be staggered in pairs.)

Each coil contains a powdered-iron core whose position is adjustable, and
by proper adjustment, the coil can be tuned to the desired resonant fre-
quency. Because relatively high frequencies are employed, actual capacitors
are not placed across each coil, although capacitance is present. It arises
from the capacitance which is inherent in the coil, plus the capacitance
which the tubes and the connecting circuit wires themselves possess.

Each stage in Fig. 5-20 uses cathode bias; in addition, the second and
third stages receive an AGC voltage which varies their gain in accordance
with the strength of the incoming carrier. The final amplifier feeds the signal
to a half-wave second detector where it is rectified, the video intelligence is
recovered, and the carrier is discarded.

It is common practice, when using single coils in a staggered arrange-
ment, to place them in the plate circuit while the following grid circuit
uses a coupling resistor. In short, each plate coil and the following grid
resistor are in parallel, and by using low-valued resistors, the response of
the tuning coils is broadened. This arrangement is needed to achieve an
overall passband of 3 or 4 me, when the individual responses of all the coils
are combined.

There is little more to add to the analysis of Fig. 5-20 since it is basically
quite simple in construction and operation. It is also quite simple to align.
A signal generator is connected to the grid of the tube preceding the coil
to be adjusted and is set for the proper frequency. The tuning slug in the
coil is then adjusted for maximum deflection on a VTVM connected across
the second-detector load resistor, here 6,800 ohms. The same equipment is
employed in aligning any traps that may be present in the system, except
that all traps are adjusted for minimum meter deflection.

In Fig. 5-20, only one trap circuit is employed. It is located between
the second- and third-video IF stages and is inductively coupled to the
43.1-mc tuning coil. Trap frequency is 41.25 me, the sound IF carrier of the
channel being received. Since this is an intercarrier system, the purpose of
the trap is not to eliminate the 41.25-mc signal completely, but rather to
attenuate it to the desired level. Whether a trap circuit substantially elimi-
nates a signal or simply reduces it to a lower, but still usable, level, depends
primarily on the @ of the trap circuit. With a high @ circuit, substantial
elimination is possible; with a medium @ circuit, the signal is simply lowered
in amplitude, but is not completely eliminated. .

The form of an IF system does not change with a moderate change in
intermediate frequency. The circuit in Fig. 5-20 is designed for the 40-mc
range but with suitable tuning circuits, it works satisfactorily in the 20-mec
range.
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Bifilar IF Coils. A bifilar coil, shown in Fig. 5-21, consists of two wind-
ings which are positioned so close together that the degree of coupling is
near unity. The result is that practically all of the
voltage developed across one winding, acting as the
primary, is transferred to the other winding, acting
as the secondary. A movable iron core, inside the
coil form, tunes both windings simultaneously. In
most instances, the tuning rod extends above the top
side of the chassis, where it can be reached in
alignment.

The circuit diagram of a video IF system employ- WINDING A
ing bifilar coils is shown in Fig. 5-22. The system Fic. 5-21. A bifilar coil.
contains four IF stages and bifilar coils are employed
in all of them. The circuit between the tuner output and the first IF
stage is basically a low-pass filter consisting of a coil (primary winding of
T:) plus a circuit capacitance on each side of it. In addition, an absorption
trap tuned to 39.75 mc is coupled to this winding (i.e., the secondary of T},
while a second parallel-resonant trap, L, C,, and Cs, is placed in series
with it. Three other absorption traps are also found in this IF system, one
each in the second, third, and fourth stages. The traps tune to the sound
IF carrier of the channel being received (41.25 mec), the video carrier of the
adjacent higher channel (39.75 me), and the sound carrier of the adjacent
lower channel (47.25 mc). AGC voltage is applied to the first two stages.

Note that trap circuits, whether they are coupled to bifilar coils or single
coils, always have their own adjustable cores. Also, when an absorption
trap is coupled to a bifilar coil, it is usually placed above or below the
bifilar winding on the same coil form. It is possible also to wind the trap
coil on a separate form and then slip it over the tuning circuit; however,
this arrangement is frequently costlier and is generally avoided for that
reason.

By comparing Figs. 5-20 and 5-22, we see that use of the bifilar coils
makes it possible to eliminate all the interstage coupling capacitors found in
Fig. 5-20. In addition, the RF choke found in the second-detector input
circuit is also eliminated. Thus, a system employing bifilar coils is more
economical than a system utilizing single-tuned coils. In addition, bifilar
coil circuits are less responsive to noise pulses.

Alignment of video IF systems using bifilar coils is accomplished in the
same manner as alignment of IF stages possessing single-tuned coils.
Stagger-tuning of the coils plus loading resistors provide the necessary band-
width.

A system may employ all single-tuned coils or all bifilar coils, or it
may use both types. Of late, the tendency has been toward the latter—one

WINDING B
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or two single-tuned coils between the mixer and first IF stage, and bifilar
coils throughout the remainder of the system.

Again, all the video IF systems discussed may be used for the older
21-26-mc IF band or for the newer 41-46-mc range. The form remains
practically the same; only the inductance and capacitance values of the
tuning circuits change. Also, intercarrier and split-sound receivers use
basically the same video IF systems. The differences are minor. They con-
sist chiefly in whether the sound signal is to be completely suppressed before
it reaches the video second detector (in split-sound systems) or whether a
small amount of the sound signal is to be permitted to reach the video
detector (in intercarrier systems). Farther on, we will indicate more fully
why this difference exists between the two systems.

The IF systems dealt with to this point each have four stages, providing
a considerable amount of gain with a bandpass at, or close to, 4 me. It is
possible, however, to produce acceptable pictures with systems having band-
widths of only 3.0 or 3.2 mc, and, in such instances, three or even two IF
amplifiers may be used, provided the level of the received signal is high
enough. (High signal levels are generally found in most cities having tele-
vision stations, because of the high-transmitting power achievable with
modern television equipment.) As a matter of faet, in some reccivers using
screens of 14 in. or less, the overall IF bandwidth may cven drop slightly
below 3 me. This is because the smaller the sereen, the less need there is for
exceedingly fine pictorial detai