COMPLETELY REVISED
SIXTH EDITION

TELEVISION
SIMPLIFIED

: . L

Includes latest developments in the tele-
vision field: up-to-date material on remote-

. control systems, at;ngnatic gain “control,
selector-switch tunirg, electromagnetic
deflection systems, and much, much more.
Over 500 illustrations.

-

AL

By MILTON S. KIVER







EW technical books have had the contin-

uing acclaim this practical manual has re-
ceived since publication of the first edition in
1946. This new enlarged Sixth Edition, a
complete revision of a basic text, includes an
entirely new chapter on remote-control sys-
tems for television receivers. Large sections
of the book have been thoroughly rewritten
to keep up with the rapid changes and ad-
vances being made in this field, making this
edition more than ever an indispensable aid
to all who want to understand the basic prin-
ciples of television and their most recent
applications.

Little is assumed of the reader beyond an
elementary knowledge of home sound re-
ceiver operation. Upon this is built an under-
standing of the modern television set with its
highly integrated synchronizing circuits. A
set of self-check questions for each chapter
will be an additional aid for those who use
this manual without formal instruction.

Of the 438 line drawings in the book, 183
have been especially drawn for this edition;
another 102 drawings have been up-dated,
and 74 photographs are either replacements
of old pictures or new additions.

Expanded treatment has been given to
topics such as automatic gain control, selector-
switch tuning, video-signal requirements of
picture tubes, amplifier gain, deflection sys-
tems, automatic frequency control systems
and UHF tuners.

The newest type of television receiver is
completely analyzed in the chapter on tele-
vision receivers. The chapter dealing with
color television includes material on the most
recent color circuits,

No other manual in the field offers the
theory and analysis of the various stages of a
television receiver, plus the general apprecia-
tion of television transmitting and servicing
of receivers, in as ccmpact and easy-to-follow

a presentation.
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HIGH FIDELITY

Home Music Systems

REVISED SECOND EDITION
By WILLIAM R. WELLMAN

OES HI-FI language about “folded baffles,”

“coaxial speakers,”’ “woofers,” and "tweeters’’

leave you somewhat baffled ? The first edition of this

book received high praise for presenting the intri-

cacies of wide range sound reception in an ordinary
vocabulary used by the majority of persons.

In this revised edition an entirely new chapter
examines stereophonic sound systems, including a
description of how stereo recordings are made and
the basic stereo components. The author provides
guidance in selecting the proper equipment and, for
those readers with some knowledge of electronic en-
gineering who wish to construct their own systems,
the text and helpful diagrams provide step-by-step
nstructtons,

The chapters on tape recorders, amplifiers and
pre-amplifiers have been revised and greatly en-
larged to include descriptions, evaluations and ap-
proximate cost of all the most recent equipment for
high-fidelity home sound and music systems.

As in the first edition, the book begins with a
description of the functions of each unit in a music
system, an examination of the good and bad features
of various available units and advice on the selection
of equipment, whether a complete “'packaged” sys-
tem or one assembled from individual components.
For those with wood working experience, informa-
tion is provided on the construction of a variety of
cabinets. Construction of amplifiers and tuners is
detailed and the author suggests ways of improving
the quality of an existing radio or television receiver
as well as converting a small table-type receiver for
use as an AM tuner.

An expanded index will greatly increase the use-
fulness of this book, written for the layman music-
lover who wants to understand and be informed
about the latest developments in hi-fi, without first

studying for a degree in clectronic engineering.
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Preface

Television Simplified has been completely revised for its sixth edition.
The important advances which have occurred in television reccivers sinee
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 deviees 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 eircuits. 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 subjeet is first investigated
and which, if left unanswered, soon begin to interfere with the simooth ac-
cumulation of subsequent information. With each suceeeding chapter a
different scction 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.

INlustrations 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 servieing 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 iilustrations 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 ineluded 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 Ameriea; the General Eleetrie
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




Contents

CIIAPTER
PAGE
1. Tue TeLEvisioN FieLD 1
2. HicH-FREQUENCY WAVES AND TIE TFLFV]\IO\' \\'TE\'\' L. 42
3. WmEe-Baxp Tuxing Circtits—RE AMPLIFIERS 66
4. Tne I1F OsciLrator AN MiXxER—TV TUNERS 88
5. Vipro IF AMPLIFIERS : 119
6. Vipro DETEcTORs AND AGC CIrcUITS . 151
7. VIDEO AMPLIFIERS 180
8. D-C REINSERTION 221
9. Catnone-Ray TUBEs 234
10. TELEVIsiON RECEIVER PowER \L'Pmlrb 281
11. ADDITIONAL NOTES ON INTERCARRIER SYSTEMS 303
12. SYNCHRONIZING-CIRCUIT FUNDAMENTALS 316
13. DEFLECTION SYSTEMS 354
14. I'REQUExCY MobULATION . 402
15. TyricaL TELEVISION RECEIVERS—ANALYRIS AND \Ll(..’\m\'r 436
16. SERVICING TELEVISION RECEIVERS 470
17. REMOTE-CONTROL SYSTEMs FOR TELEVISION RECEIVERS 517
18. UllF TELEVISION 548
19. ('oLor TELEvVISION 576
(ILOSSARY 622

vii






CHAPTER ]

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 broadeast.

This change in media has brought with it a corresponding change in the
operating techniques of the service technician. Beeause of the considerably
greater complexity of the television recciver, a whole new array of test
cquipment and of servieing methods has evolved. These have not supplanted
the instruments and service techniques employed with broadeast radio
receivers since much of what is done to a radio receiver to isolate a defect
«an 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 inerease in his financial earning power.
Thus, television is more enjoyable to the user and more profitable to the
servieeman,

Television receivers are housed in large console cabinets, in table-model
enclosures, Fig. 1-1, or in eases small enough to be carried from place
to place. All contain practically the same circuits. The larger models gen-
crally possess a somewhat greater number of tubes and, perhaps, an addi-
tional speaker or two. Picture-tube sereens 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
arec 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 appreeiably 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
is 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 receciver 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 fromn 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.

-
71_
Doublers and Modulated
Crystal
oachator M radio frequency radio freq Y
amplifiers amplifier
b

Camera tube

Line Video

amplifiers amplifiers
¥ Viewing tube
Studio
Blanking and monitor
synchronizing
timing
generators \
Microphone
\ Frequency-
Audlo
Sound—pp_ amplifier modulated
generator

F1c. 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 mierophone and the camera tube, for
this will aid in visualizing the overall operation of television transmitters.

The sound made by the actors in the seene being televised is kept sepa-
rate from the video electrical currents. The sound is frequency modulated
and sent out by another transmitter at a frequeney 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
broadeast 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 radieally in construction from
the corresponding amplifiers in AM sound superheterodyne receivers (ex-
cept for frequeney), the detector is entirely new. In the FM set, a dis-
eriminator 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 direetly
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
sereen 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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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 scereen to the other. The result is an image on the sereen, produced by
approximately 500 distinet 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 suceession 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 prineiple was introduced
and is now almost exclusively employed. The new system is known as the
“intercarricr system.” It is illustrated in block form in Fig. 1-3(B).

4.5MC Fm AUDIO
— - — LOUOSPEAKER
I: a0 71 oerectorn [] ameuiriens 'ﬂﬂ

'
1
R VIDED & VvIOEQ VIOEQ
[~ MIXER SOUND IF > 1

F
AMPLIEIER AMPLIFIERS OETECTOR AMPLIFIERS
AUTOMATIC
OSCILLATOR ———— AN
CONTROL

J afc womz. | | :
L I’ system [7]  osc. AMP SUPPLY

SYNC SYNC
r——— VERT,
| VERTICAL : | DEFL.
osciLLator [ QuThuT cos

SEPARATOR AMPLIFIER
AMPLIFIER

Fi6. 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 svstem where both are amplified. There is
this important difference, however. The video signal reccives 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 sereen.

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-mec beat note. In addition, we also obtain all of the
0-4 mc video frequencies from the amplitude-modulated video carrier.

The 4.5-mc 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

*Tn every television signal, the frequency difference between the sound and the
video carriers is 4.5 me.
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enlarged, a point is reached where the granular structure of the picture
does become visible. These grains, then, are the clements 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 before 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.

cireular beam impinging on the fluoreseent sereen of the cathode-ray tube.
The light that is scen 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
cleetron beam of small diameter. This requirement is as important at the
receiver sereen as it is at the camera tube.
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Fic. 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
broadeast 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
carlier tube, it will he 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. Ilach
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 construetion. Each
globule forms one separate plate, with the back side
of the mica acting as the common second plate for all
the globules. The dieleetrie is the miea.

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 clement 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 cach globule vary in proportion to
the light at that globale, we accomplish the first step of our process, namely.

Courtesy RCA

Fic. 1-7. A vidicon
camera tube.
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conversion of light rays into equivalent clectrical 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 mosaie,
it should be possible to obtain a finer structure for the final reproduced
image. This possibility will depend on the size of the clectron 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 mosaice, 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 simultancously, 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 the 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 mosaie 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 R 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

Direction of beam
at the start of each row

L LE LI

&ai_>‘._———ﬂancml Directlon

SIS ISSIS SIS

]
4

(A) (8)

(C)

Fi6. 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, and again the cathode-ray beam moves toward the right, neutraliz-
ing the positively charged globules along this horizontal line and causing
clectrical impulses to pass through K.

The sequence recurs until the end of the m’"\z“ ;""" retrace
lowermost line is reached (at point D). The é Y == 8
beam is blanked out and returned to the _,:_'_“_'_‘_':'_':"_
starting point A. The entire process is now :;--——::“
ready to be repeated. I ——

It should be noted that each globule has il
been storing up a charge (or giving off elee- P a——
trons) during the time the electron beam is ___:::::;
busy passing over other globules. Thus, if it e —
takes the beam 1 min to scan the entire im- == D

IMAGE

age, the globules are being exposed to the
focused light rays during all of this time. The  Fi6. 1-10. The motion of the
resultant emission of clectrons causes the electron beam in one form of
... . .. . horizontal seanning.
positive charge to increase. With the arrival
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 every 134 sec. Henee 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 G0 o L L) that will cause the beam to drop sud-
A denly from the end of one line to the
level of the next one directly beneath it.
It is simpler to have the beam move
down to the level of the second line
gradually, as is illustrated in Fig. 1-11,
To obtain this type of motion for the
electron beam, both horizontal- and ver-
tical-deflection coils in the iconoscope
tube are utilized. Without going into an
10.s2e.  extensive discussion at this time of the
Fig. 1-11. In actual equipment it is f)])oration O U elef‘tron i e
easier to have the electron beam N the neck of the iconoscope, let us
travel in the manner indicated above state simiply that the horizontal-deflec-
than in Fig. 1-10. tion coils ean move the eleetron 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

IMAGE
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passing through each set of coils, it is possible to move the electron beam
across the sereen 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 seanning 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

Q o 9 0 9 9 .

] & television receiver is discussed. For

s 200 o et .

3 5 R ;x‘ the second reason why the horizontal
) W . q

3 S scanning process had to be modified we
TIME ——> must examine more closely the human

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

of (lof:)(=cting coils, \\'illlczullsoftho ello?- Flicker. If a set of related still
tron beam to move slowly from left g, 0110w each other fairly rapidly
to right and then retrace rapidly from :

rieht 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 %, 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 sereen 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 sereen. Thus we are actually seeing each picture twice. By this ingen-
ious method, all traces of flicker are eliminated.

In television, a fundamental rate of 30 images (or frames) per second
was chosen hecause 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 climinated 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 inercasing the downward rate of
travel of the scanning clectron 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 40 sec; therefore 30 frames is still the
fundamental rate. However, since all the even lines are transmitted in Yo
see and the same is true of the odd lines, they add up, of course, to Y30 scc.
To the eye, which cannot separate the two, the effective rate is now 60 frames
per second, and no flicker is noticeable.

To differentiate between the actual fundamental rate and the effective
rate, we say that the frame frequency is 30 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 seanning.”

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 seene, 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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DOTTED LINES FOR
BEAM RETRACES

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 vertieal-deflection plates.

With each frame divided into two parts (because of interlaced scan-
ning), each field will have one-half of 525 lines, or 2621 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 4 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 one 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 of the next field and, when the beam reaches point E, it has moved
through the necessary 262% 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 repeats itself.

Thus, as matters stand, the electron beam moves back and forth across
the width of the mosaic 26214 times in going from point 4 to point D to
point E. The remaining 262% lines needed to form the total of 525 are ob-
tained when the beam moves from point E to point F back to point A. The
process may seem complicated but actually it is carried out quite readily
and accurately at the transmitter (and receiver). A more detailed analysis,
including the number of horizontal lines that are lost when the vertical
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 which it may be passing. Some of these clectrons, once freed from
their globules, may be attracted to the positive collector ring or fall back
on the mosaic 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, generally 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 reveals 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 image 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 camera tubes.

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

Physically, 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.
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F16. 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 each 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 seanned 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 134 scc.
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
% 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 scene, 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 climinated, 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.

Congrteay RCA

Fig. 1-15(A). Cut-away
view of image orthican
showing construction of

multiplier section.

! The multiplier structure in the image orthicon

consists of a series of circular screens set one
below the other around the gun. See Fig. 1-15.
The return beam is directed to dynode no. 1
(this is also grid no. 2) of a 5-stage electron
multiplier. For each electron that strikes this

clectrode, two or more electrons are dislodged
from its surface. These secondary electrons are then directed (by the
clectric 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 clectrons 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
clectrode) 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 seene or film being televised is focused on the surface of the photo-
conductive layver next to the face plate, each cross-sectional illuminated
layer element conducts slightly, the current depending on the amount of
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F1c. 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. llence, 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 are 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
broadecast stations, although a few stations use vidicons for live pickup,
primarily for newscasts and shows of a similar type having little action.
Recause of its small size and much lower cost (than image orthicons), the
vidicon is almost exclusively employed for industrial application.

Camera tubes designed for studio use are housed in large rectangular
cases, then placed on dollies to allow the entire assembly to be moved from
one position to another quickly and quietly. 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
into 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,
each 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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Courtesy RCA
Fia. 1-17. A modern television camera. (Top) Rear view showing the vanous con-

trols that govern camera operation. (Botton) Inside of television camera. The camera
tube fits inside the large eylinder shown at the bottam of the cabinet
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Courtesy RCA
Fic. 1-18. A television studio camera in use.

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.

Blunking 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 sereen, or from bot-
tom to top. For this, another set of pulses, superimposed over the blanking
signals, control oscillators 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 be brought back to
the left-hand side, in position for the next line. Vertical pulses, at the end
of each field, are responsible for bringing the beam back to the top of the
image.

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 line the blanking signal is imposed on the beam and
automatically prevents the electron beam from reaching the mosaic at the
camera or the fluorescent screen at the receiver. With the blanking signal
on, a synchronizing pulse is sent to cause (in this instance) the horizontal-
deflection coils to move the position of the electron beam from the right side
of the picture to the left. 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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Fic. 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, each 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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HORIZONTAL VERTICAL AND HORIZONTAL
PULSES |t ASSOCIATED PULSES PULSES
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CAMERA LAST LINE AT
SIGNAL BOTTOM OF SCREEN

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 camera-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. 1t 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 is 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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Fi6. 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 sereen 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 sereen. The bright portions appear dark, the dark
portions appear light. The result is similar to a photographic negative, in
which the values are likewise reversed.

In the recciver, 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 sereen. The blanking level is then properly called the
“black region,” because nothing darker appears on the flourescent sereen. 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 cven greater than cutoff. The pulse region, for this reason, is
labeled blacker than black, beeause 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 eathode-ray tube. As will be shown presently the complete
video wave is applied, after the deteetor, to the svnehronizing- and video-
smplifier circuits simultancously. The synchronizing clipper tube permits
only the pulses to pass through, whereas the video amplifiers allow the
entire signal to pass.

Why Television Requires Wide Frequency Bands. In dealing with
television reccivers, 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-
eycles (me) wide, The different forms which these amplifiers may assume
and their characteristies 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 clements 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, sce, 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, clements or electrical impulses are transmitted
cach 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 mosaie plate in the iconoscope is broken
up into a series of black and white dots, each dot representing one cle-
ment. The resulting pattern is shown in Fig. 1-23(A). As the scanning
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beam passes over each element in turn, a pulse of current flows every time
a white dot is reached, for this element has a large deficiency of electrons.
At the next element, the current drops to zero, for theoretically a black dot
represents an element that has received no light at all. It therefore requires
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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.
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no additional replacement of electrons. In one complete horizontal line, the
electrie pulses of current would have the shape shown in Fig. 1-23(B).

If one maximum point in the wave is combined with its succeeding mini-
mum point, one complete cycle is obtained. The same situation prevails in
any sine wave. See 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 one horizontal line is
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scanned. With 700 elements (dots, in this case) on a line, a fundamental
frequeney of 350 cycles is generated.

Under present standards, 525 lines are scanned in 1%, 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 yicld results that have been found
satisfactory, and the method, from this viewpoint, is justified.

Although 4 me are required to accommodate the video information alone,
the bandwidth set in praetice is 6 me. Of the extra 2 me, the FM audio
carrier uses 50 (ke). 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 broadcast 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 eveles) 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 hand 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 musie 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 climinate one by expensive and complicated filters. However,
single side-band transmission does exist for certain communication facilities.

Now, let us turn our attention to the video signal. This signal is generated
by fundamentally the same type of apparatus that is employed at the sound
broadcast frequencies. Since 4 me are needed for the picture detail, a sig-

cps, or 5.51 me. In actual practice, a band width of 4 me is al-
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nal would be generated that extended 8 mc, or =4 me 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 casily constructed
that will cut off one side band sharply and completely, and leave only the
one desired. Furthermore, in the process of climination, 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 me 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-me¢ band may be required in the picture IF and video
amplifiers, this is not casily 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 scen 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
clements, any decrease in the response at the higher frequencies will result
in less fine detail available at the reeeiving cathode-ray sereen. 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 gencrally con-
sidered good, while anything below 3.0 me is not too desirable,
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At the low-frequeney 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 effeets 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—from 54 mec 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 reeeption. Chapter 2 is devoted entirely to a
study of television antennas,

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

Fi6. 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

between the gloved fingers are the plastic dixes 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. Iach 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 ealls
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as well as television, make use of very short radio waves (about 4,000 me).
Tlese 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
bheam 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-
nax. Microwaves can he beamed over
distances of from 30 to 40 miles, just
as long as there is no interference
in its linc-of-sight path. Typical
of the microwave-relay stations on
hilltops is the one located along the
Bell System radio-relay route in
Colorado. Sce Fig. 1-26.

Figure 1-27 shows the Bell Sys-
tem's coaxial-cable and radio-relay
svstem as it exists now. While not
shown separately, some parts of the
routes use mierowave relay and other
sections use coaxial cable. For ex- .
ample, the link betwc(:; Boston and Fig. 1-26. A radio relay tower used for

' . the reception and tran=mission of televi-
New York consists entirely of miero- 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 eities. Other systems besides the Bell
Svstem are in operation, but the latter is the most extensive.

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

When television allocations were first made in 1946, 13 channels were
assigned to television broadcasting. 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 beeause 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 51-6)
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 204210 |
13 210-216)

UHF Band

Channel Channel Channel Channel Channel Channel
No. Freq. (me) No. Freq. (mc) No. Freq. (mce)
14 470-476 38 614-62) 62 758-764
15 476-482 39 62)-626 63 764-770
16 482488 40 626-632 64 770-776
17 48R-104 41 6:32-638 65 776-782
18 494-590 42 6386+ 66 TR2-T8%3
19 570-506 43 644-65) 67 785-791
20 306-512 44 650-66 68 704-89)
21 212-518 45 656-662 69 8J0-8)6
22 J18-524 46 662-66% 70 896-812
23 524-530 47 668-674 71 812818
24 33J-236 48 671-680 72 S18-824
25 536-H42 19 08)-6%60 73 82183)
26 2E2-518 39 6HR6-692 74 813 1-836
27 H48-001 al 692-69% 75 836-S42
28 29 1-560 52 693-7(:4 76 R42-5483
29 560-566 a3 TU4-710 77 348851
30 566-572 B3| 7T10-716 78 851-86)
31 d72-578 5D T16-722 79 86G0-866
32 HTS-HR4 26 T22-T28 80 S66-872
33 aa4-H50) 37 T23-734 81 87T2-878
34 599-596 a8 734-749) 82 878-884
35 296-602 29 740-716 83 88 1-890
36 62-608 60 746-752
37 608-614 61 752-738

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

FM for Audio Transmission. When standards were established for
commicreial television broadeasting, 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 cyeles. 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 receiving antenna. Because the reflected ray trav-
eled 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 heam traveled a short distance across the fluorescent
screen. The end result is two similar images, slightly displaced 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 more 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 sereen. 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. Frequeney, 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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Of what does a complete television signal consist?
State briefly the function of each stage in a television receiver.
What is the purpose of svnehronizing pulses?
. Name three types of television eameras, Explain briefly the operation of
one of these tubes.
9. Define scanning. What type of seanning is standard today? Why?

10. Define frame frequency, field frequency, and line frequeney. 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 VIIF channels currently assigned to television broadeasts, giving
frequencies in each instance. Ilow many UIIF 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 AM for video-signal
transmission ?

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

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

21. Ilow is horizontal synchronization 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-hband transmission? How does this differ
from the type of transmission employed in standard broadcast practice?

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

25. List the video front-panel controls that are generally used in commercial
television receivers. State their function briefly.

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

27. Draw two lines of a complete video signal including two blanking and sync
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?

95U 5o fa




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 recciver. In order to obtain a clear, well-formed image on
the cathode-ray-tube sereen, 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 broadeast 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 claborate 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 recciving 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 objeet could cause the indirect ray to reach the
antenna.

Because of the longer distance the reflected ray travels, it will arrive
a small fraction of a second later than the direet ray. With sound reccivers,
the ear does not detect the difference. On a television sereen, 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. Ience, the image contained in the reflected ray appears on the
sereen displaeed a short distance from similar detail contained in the direct
ray. The result is shown in Fig. 2-2. When the effect is pronounced, a com-
plete double image 1s 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 reccived, The antenna should not be turned to favor the reflected
signal unless it 1s impossible to obtain a clear image with the direct ray. The
properties of refleeting surfaces change with time, and there is no certainty
that a good signal will always be received.

Fic. 2-2. A “gho=t” 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
earth, contains large concentrations of charged gaseous ions, free clectrons,
and uncharged, or neutral, molecules. The jons and free electrons act on all
passing clectromagnetic 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
jonosphere 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
hecomes 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 me. 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 mec 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-
quencices, the ionosphere is no longer useful, 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 eause the concen-
trations of charged particles in the ionosphere to increase sharply. At these
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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 hy, the
radius of the earth R, and the distance from the top of the antenna to the
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Transmitting
antenna

Fic. 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+ & = R 4+ 2Rh, + k¢

Since h, is very small compared with the radius of the earth, the A2 term
may be neglected. This leaves

a: = 216'?;

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

d = 1.23Vh,

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

The coverage for any transmitting antenna will inerease 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 recciving 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 h, 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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Fre. 2-5. The relationship hetween 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 carth, 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 direet ray. The overall
effeet 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-
erease 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
h\ antenna

Transmitting
antenna .

Fic. 2-6. Increase in the line-of-sight distance from the receiving antenna to the
tran=mitter achieved by raixing both struetures as high as possible.
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Direct ray

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-phase 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
is 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 equally between an
clectric 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 foree, the wavefront would appear as in Fig. 2-8, The
fields represent the wave; the arrows the direction in which the forees 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 electrie field are

Electric lines of force
/
1\ A A A 1\1\4 A4 1u uuﬂ\

{ lectr

lines of force
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////////////////////////////M//f %f///% // % {A////” %/
Fii. 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
direetion of the clectric lines of foree. Hence a vertical antenna radiates a
vertical eleetrie field (the lines of foree are perpendicular to the ground),
and the wave is said to be vertieally 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
cither type may be employed. Further inerease in height, up to several
wavelengths, has shown that the horizontally polarized waves give a more
favorable signal-to-noise ratio and are desirable. In television, the wave-
lengths are short and the antennas are placed several wavelengths in the air.
Henee, 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 cireuit. 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 cach rod. The line then extends to the receiver. Care must

* UHF antennas will be considered separately in Chapter 18.
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F1c. 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 reccived 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 nondiree-
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 becornes necessary to cut the wires (or
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rods) to a speecific 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 mec would need several antennas, one
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Fic. 2-10(1B). The directional response curve of a dipole antenna.
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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 me 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 63-me frequency half-wave an-
tenna, the following formula is used:

468

in feet = f
me

With f set equal to 65 me, the length would be equal to 468/, 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-wavelength antenna, approximately 14 feet are
necded. 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, ete.

Half-wave Dipole with Reflector. The simple half-wave system pro-
vides satisfactory reeeption in most locations within reasonable distances
of the transmitter. However, the signals reaching receivers situated in out-
lying areas are correspondingly weaker, and noise and interference have a
greater distorting cffect on the image. For these locations more eclaborate
arrays must be constructed—systems that have greater gain and directivity
and provide better diserimination 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 .15A-.25A apart. The ac-
tion of the second wire, which is not conneeted, is twofold. First, because of
its position, it tends to concentrate signals reaching the front wire. Second,
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Fis. 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 generally 5 db greater than that obtainable from a single half-
wave antenna.

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

260 270 280

Fi16. 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 ecan affect the antenna. Finally, partial or complete
diserimination 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 diree-

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 cffect 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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C D)
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(A) Folded dipole

(C) Stacked dipoles, with reflector
(D) Two folded dipoles cut for
different frequencies

(E) Ampheno! array combining low and q’. g
high frequency folded dipoles

(F) Stacked array for low band;
single dipole for high band

(H) Conical antenna

(@) Yagi array

Fi6. 2-14. Types of popular television receiving antennas.
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TasLE 2-1. Characteristics of common television antennas.

APPROXIMATE GAIN
ANTENNA TYPE CHARACTERISTIC | DIRECTIVITY DIMENSIONS [COMPARED TO DIPOLE]
IMPEDANCE
{ohms) [feet] do voltage
Plain dipole 72 Bi-directional; _— - Unity
broadside ' ) f/
to elements %
Folded dipole 300 Bi-directional; - - Unity
broadaide
to elements
Dipole and reflector 50 Uni-directional; 5 1.78
broadside
to radiator
Folded dipole and re- 250 Uni-directional; 5 1.78
fector broadside
to radiator
Dipole, reflector, and 25 Uni-directional; 7 2.24
director broadside
to radiator
Folded dipole, reflector’ 100 Uni-directional; 1 2.24
and director broadside
to radiator
Stacked dipoles 40 Bi-directional; 1] 1.78
broadside
to elements
Folded stacked dipoles 150 Bi-directional; 1] 1.78
ide
to elements
Stacked dipoles and re- 25 Uni-directional; 10 3.18
flectors broadside
to elements
2 |
Folded stacked dipoles 100 Unt-directional; | 55— = 10 .16
and reflectora broadside 3 .VL
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(11), 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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Fic. 2-16. Types of indoor TV antennas.
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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. Sce 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
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
solely to the antenna. However, in
medium and strong signal areas,
enough signal power is available to
nrovide completely satisfactory sig-
nals for each receiver, In weak signal
areas, separate antennas may be re-

- ad F16. 2-17. A 2-set coupler which enables
quired or a master-antenna distribu- gne 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 lines
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 economy, 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 mc. 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 me presents a
72-olim impedance. At 100 me, 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 use 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 receiver for a 300-ohm transmission line.
[t 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 mismatching.
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

R

(A) Parallel-wire line (unshielded)

XWX

(C) Airlead

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

(D) Open-wire line

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

Fic. 2-18. Types of popular transmission lines used for FM 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
me, 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 concentric, 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 shicld against stray
magnetic ficlds. 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
———» —
3 TO o TO
7T~ RECEIVER 7" RECEIVER
b——— L - >
(A) (B)
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. Sce 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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Fi6. 2-20. An antenna installation for a television receiver. The ground from the
lighting arrester <hould be as short and direet as possible.
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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 broadcast 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 earth
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? How does 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 mec. 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 cheosing and installing a transmission

16. Name and describe four types of transmission lines.

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

18. Define antenna gain and antenna directivity.

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

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

21. Illustrate 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-me 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 vet be
sclective 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-
" 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
Fic. 3-1(A). A parallel tun-  the resonant point, capacitive and inductance re-
ing circuit. The response  qe¢ances cancel each other, the impedance be-
curve for this cirenit 1is . . I

shown in Fig. 3-1(B). coming lngl} 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
frequeney. 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 cireuit at resonance.

For any given circuit, the greater
its Q value, the more selective the re-
sponse of the circuit, and the greater
the voltage developed. While these
factors may be highly desirable, they
arc usecful only if they do not inter-
fere with the reception of radio sig-
nals. At the broadecast frequencies,
cach 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 cqual response at
all points within this region. The por-
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

RESONANT FREQUENCY

IMPEDANCE OF CIRCUIT TO
INCOMING SIGNAL

«—LOWER FREQUENCY HIGHER FREQUENCY —*

Fic. 3-2. The variation in the response
curve with different values of Q.
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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 onc with a higher value 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 ncces-
sary for the reproduction of images in television receivers.

Transformer Coupling. Whereas the simple circuit already described
1s 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
more turns in the secondary than in the primary
E coil. The stepped-up voltage applied to the grid

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

The shape of the response curve of the pri-
mary circuit depends to a great extent upon the
Fic. 3-3. A common form of  degree of coupling between the coils. When the
transformer-coupled tuning  coefficient of coupling k is low (i.e., when the coils
circuit used in radio re- . g g

ceivers. are relatively far apart), the interaction between
coils is small. The secondary response curve will
retain 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 secondary capacitor. This, in turn, changes
the number of flux lines which cut across the secondary coil, and the end
result is a gradual broadening of both primary and secondary response
curves. With very close coupling, the secondary response curve may 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. Hence, 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 effect of each circuit on the other becomes more 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 television reception, none of these combinations provides the neces-
sary uniform bandwidth. Loose coupling produces a curve that is too sharp
and lacking in uniformity over its range. Tight coupling tends to decrecase
the voltage of the frequencies near resonance because of the dip. Between
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Fig. 3-4. Close coupling between two tuning circuits produces this type of response
curve.

these two extremes we may obtain a semblance of uniform response about
the center point of the curve, but never for a 6-mnc spread. However, if a
low-valued resistor is shunted across the coil and eapacitor, we can arti-
ficially flatten the curve to receive the necessary 6 mec. The extent of the
flat portion of the response curve will depend inversely on the value of
the shunting resistor. The higher the resistor, the smaller the width of the
uniform section of the curve. Hence, what we could not accomplish with a
coil or a capacitor, we can do with a combination of these two with resist-
ance,

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

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 achieve compactness in the tuner, but also because in
a miniature tube, interelectrode capacitance is smaller and the connecting
leads between the elements and the base pins are shorter. The latter intro-
duces less inductance into the cireuit, a factor which is particularly desirable
since the inductance in the tuning network, itself, is small.




70 TELEVISION SIMPLIFIED

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 ohms across the tuning circuit to attain the
necessary bandwidth. (The pentode, itself, is not very helpful in this respeet
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,

/ Plate resistance

Loading
“resistor

neg Loading
*resistor

Cc

(A) (8)
Fic. 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 gm = mutual conductance of the tube (in mhos)

Z1 = load in output circuit (in ohms).
For a 6AGS tube, g, is 5,000 micromhos. With a plate load of 2,000 ohins,
we obtain

. 5.000
Gain = 1-500,000 X 2000

= 10.
The 5,000 is divided by 1,000,000 to convert it from micromhos to mhos.
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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, 6AKS5, 6CB6, and 6BCS5.

As an example, the 6AG5 has a mutual conductance of 5,000; the 6AK5
likewise has a gm of 5,000, and the 6BC5 has a gm of 6,000. Compare these
values with older RF and IF pentode voltage amplifiers, for example, the
65K7, 66, 687, and the 6SJ7, which have mutual conductances of 2,000,
1,200, 1,750, and 1,600 micromhos respectively. If the gain of the stage is
computed and these values of mutual conductance are used, a voltage
amplification much less than 10 is obtained.

Triodes. The ability of a receiver to amplify a signal is governed not
only by the amplification obtained from the tubes, but also by the noise
generated in the tubes and in the associated receiver networks. 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
hecause noise originating in a tube varies direetly with the number of posi-
tive elements within that tube and a triode has fewer such elements than a
pentode. Ience, a triode is more desirable from a noise standpoint than
a pentode. It is for this reason that high-frequency triodes have been em-
ployved 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 achicve the
desired amplification 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-te-
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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 6ER5, 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-
Dlshfglg%gr;LE‘?r%H tron flow frorp cathode to plate is
concentrated into a smaller area,
GRID GUIDES sml.(mg the plate or.lly at an m.dented
PLATES AT GND section called a “dimple.” This con-
POTENTIAL : : q
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 due to the fact that the plate takes con-

TUBE PLATE
(A)

(8)

F16. 3-6(A). Internal view and schematie
symbol of 6ERS RF triode.



WIDE-BAND TUNING CIRCUITS—RF AMPLIFIERS 73

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
electrons 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 interelectrode 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-
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 ‘“heams”
which tend to pass between the wires of
the screen grid. Thus, relatively few elec-
trons impinge on the screen grid. Also,

e NS

by carefully spacing the various elec- ~ conmro
trodes, a space-charge effect is created Fyg. 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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Fic. 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 satisfuctory reception. Second, it provides
greater diserimination against signals lying in adjacent bands. This is
especially applieable 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 eomparable to the internal disturbance voltage. In
audio systems, the internal tube disturbanee is known as “noise.” In tele-
vision receivers these disturbanees are amplified along with the video signal
and, if stronger than the received signal, will appear as small white spots on
the image scereen. (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 reecivers.

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, automatie
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 & 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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Fig. 3-8 Another RF-amplifier stage. One tuned eireuit is common to the plate of
V) and the grid of V..

by the tube itseli so that external resistors are not needed. When triodes or
tetrodes are used, I~ading resistors may be omitted because the lower in-
ternal impedances of *“ese tubes provide sufficient loading to achieve the
desired bandwidth.

In Fig. 3-8, a single-tun d ecircuit instead of a transformer is used be-
tween the plate of the RF amplifier and the mixer tube. The tuning ca-
pacitance shown in cach of these diagrams might be either a small variable
trimmer capacitor or the stray-circuit-wiring and tube capacitance always
present in the eireuit. In the latter instanee, adjustment of the tuned cireuit
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 switeh 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 17,
and V., of Fig. 3-8, two of which are sho vn in Fig. 3-9. In the first illus-
tration, Fig. 3-9(A), the plate load for 17y is a resistor. L; is the resonant

M.
X

+H

4

=
¥ g+
A -g-
Fig. 3-9. Two additional interstage coupling networks hetween the RF amplifier
(Vy) 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

DISTRIBUTED
1 CAPACITANCE
T

fo00V
8«

F1G. 3-10. An RF amplifier which combines the response characteristics of grid- and
plate-tuned circuits to obtain a 6-mc overall spread.

contains a small trimmer to permit adjustiment, 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 me 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 Cy. 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. C, represents the output

capacitance of the 6AGS5 RF ampli-
fier plus other eireuit capacitances;
Cy 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 1.,
and Lp. The degree of coupling is
controlled by the value of Cy. The
smaller this eapacitance, the greater
the mutual impedance and the
greater the bandwidth. The value of
(4 1s chosen to provide a bandpass
of approximately 6.0 me. To main-
tain a constant bandwidth, C4 has
a value of 250 mm{ 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

|~—6 Mc——|

-A-

Fig. 3-11. The combination of two tuning

circuits fo produce a flat-topped overall

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

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

1s accomplished by using the full primary winding of the input transformer
for the 300-ohm line 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
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FiG. 3-12. One method of increasing the coupling between two tuned circuits tc
achieve broad bandpass.
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Fic. 3-13. Mutual capacitive coupling, Cy, is used between L and L.

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 gn 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 regencration 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
12 MMF
70,
ANT 47K
800 Ls-10
MMFT= AGC TEMMF

+135V
(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 fceding 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 sce 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 VIIF 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 Lsg 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 switeh, as it moves
progressively to the left, brings in more inductances, thus decreasing the
channel frequency. In position 13, only L.; and L.g are in the ecircuit
and the receiver is set for the highest VHF-TV channel. At position 2, the
st will receive the lowest channel. (Position 1 was for the now obhso-
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 cach of the small inductances, L3 to Lag, is a small, fixed silver
strap between the switch contacts. Each strap is cut long enough to intro-
duce a 6-me change in frequency. In order to make the transition from
the lowest high-frequency channel, 174-180 mc 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 L1z to Lag, 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 Cz and Cy.

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 me. 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

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-me 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,
L2 to Lg, 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 12778
a7
..‘
x
8
~
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3 Ty 13

Fic. 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 T through
T)o 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 cach channel. The windings
are sclf-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. llere 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 sccond 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 C,), 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

68Q7 OR 68K7
L

FiG. 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, Cs 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 respeet 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
characteristies 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 circuit 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 needed 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, Cy
2. The grid-to-plate capacitance, C,,
3. The stray capacitance, C,

The total capacitance is equal to

Ctotal = C: + Cgk + Cﬂﬂ(l + G)

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

For the 6AKS, Cy is equal to 4 mmf, Cy, 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 Cy or C,p
(1 + (). The latter values will vary as the gain of the stage varies, which
occurs every time the input voltage

changes. Cy, will change its value as ngg::g‘;ggmc
the cleetron current is altered. The \

1
1
1C aoocou
T~

FAKS)

these small items, insignificant in them-
selves, may become very influential as
the frequeney increases and the size of
the coil and capacitor decreases. FiG. 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 carcitances represent an_appr(‘ci-
of reasoning may be applied to the plate able part of the total PUGLICEYEIE
L .. tance and hence must be included
circuit, where the total minimum eca-

. . . in all computations.
pacitance is composed of the following:

effeet of the variation, if great enough, \
is sufficient to detune the stage. Again, g =
c

avoto = C‘.‘*’Cs + Csu(li'G)j?‘

1. The output capacitance, C,, as obtained in any tube 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 direct 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

_L.m —
Cin + Co
This ratio is called the “figure of merit” of a tube. Large values are desirable.
[t 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 @ 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-¢ 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
cireuit 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 cireuit.
To it is connected the screen-grid and plate bypass capacitors. The d-¢ plate

8+

k1G. 3-20. The use of two cathode wires to eliminate the adverse effect of cathode
induetance.
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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 ecircuit as well. This
reduction permits one neutralization adjustinent to suffice over the entire
VIIF 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 mechanisins 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? Explain
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 circuit in the plate circuit 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 vour answer,




C:HAPTER 11

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 sccond 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

P

L IF
OUTPUT

—

Fic. 4-1. A typical low-frequency pentagrid converter stage.

=ircuit 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
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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 oscillator voltage within one envelope.

With increase in frequency, the stability and output of the oscillator
section 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.E}
RE LF SIGNALS
: »| MIXER |—p-
SAMP . ouT
1 P A
] > -~ -
L
COMMON™ = — — | .
TUNING RE
CONTROL. 9OSC.
FINE TUNING
CONTROL

FiG. 4-2. A block diagram of the front end of television receivers,

Miniature high-frequency 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 because
each positive element within a tube introduces a certain amount of noise
into the circuit. In this respeet, 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 because 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 physieally 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

0OSC.

I

ik -

‘)
i L
—t )
B+
(A) CAPACITIVE COUPLING (B) INDUCTIVE COUPLING

Fic. 4-3. Coupling energy from the oscillator to the mixer by induetive or eapacitive
means.

as low as possible to prevent any changes from occurring in the oscillator
frequency and to minimize oscillator radiations frem 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 frequeney is close to the picture
carrier of the station being received by the other sets, the “heat” interference
produces vertical, horizontal, or slanted stripes across the scrcen. Beat
interferenee refers here to the difference frequencey signal obtained when the
interfering signal and the picture carrier of the station being reeeived mix
with cach other in the second detector stage of the receiver.

In Fig. 4-3(B), an intermediate coil is employed to transfer the gen-
erated 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 interimediate 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 reccivers 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. Sce Fig. 4-4(A). In the
ultraudion, the voltage division across
the tank circuit is accomplished through
the grid-to-cathode (C,;) and the plate-
to-cathode (Cpx) capacitances within the
tube. The feedback voltage which sus-
tains oscillations is developed across C,;.
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 "y in series
with the parallel combination of Cpr 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 €, is provided
to permit the uscr of the set to adjust the
oscillator frequency to the best sound
dutput. Because (', is actually a vernier
ddjustment, it is labeled “fine-tuning
control” and placed on the front panel. Fic. 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. The effect is th (10) Wit GRe Gl TS

g . $ Y€ Low the ultraudion is usually drawn.
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 cach 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

e & ultraudion circuit, with the result shown in
J”“ Fig. 4-6.
> 4 T Push-pull Oscillator. In conjunction

e 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-
nel switeh, as it progressively moves down
the line, adds morc and more inductance
to the line, effectively lowering the tank fre-
quency. For tuning, brass screws are placed near the high-frequency tuning
straps Luy, Lis, Lis, L2o, Lea, L2y, and Lgs, and brass cores are adjusted

Fi6. 4-6. A modified ultraudion
circuit.
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through coils Lo, Ly, Lg, Lg, Lo, and Lya. For keeping the two sections of the
line as closely balanced as possible, Ly; and Los 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 circuit.

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-me television channel,
the audio carrier was 4.5 mc higher than the video earrier. For channel 2,
54-60 mc, the video carrier will be at 55.25 me. (The remnants of the other
sideband are from 54.00 me to 55.25 me, but these are useless and rapidly
attenuated in the circuits.) From the video ecarrier, 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-me signals will combine with the oscillator frequency to
form the following IF signals:

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

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

In Chapter 1, Fig. 1-24(B), a characteristic curve of the video transimis-
sion is shown. The remnants of the lower sideband are permitted to re-
main hecause 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 occurs
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 interearrier receivers, the oscillator
frequency is placed below the sound and video frequencies. Where this ix true, the
sound and video signals retain the same relative position they had when broadeast.

This does not affect operation of the receiver so long as the video IF system is designed
for this condition.
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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 intaet,
there will be proportionally more low-video-frequeney voltage produced at
the second-detector output than high-video-frequency voltage. To prevent
thix, a receiver-response charaeteristie, such as is shown in Fig. 4-8, is gener-

ADIACENT
CANNVEL

ADUACEN T
CHANNEL

VIOEO CARR/IER

LF (4525 mc)

AOuACENT
Crianmae proeo
i Canm/gr (39.75 mc)
ADUACENT Cranmas AUDIO cammIcmR
SOUND Camm/smR (*r.25 mc)
(6225 mc)

Fi6. 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 deereasing toward the
lower frequencies. Roughly speaking, the lower video frequencies, for
which there are two sidebands, receive half the amplification aecorded those
higher frequencies for whieh there is only one sideband. The overall result
is an cqual 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
chicfly 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 [F amplifiers. The reason these
circuits are used will be given presently.

RF Tuners. Now that RF amplifiers, oscillators, and mixers have
heen 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 =ystems ean 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 seclector-switeh tuning, cach channel is assigned a fixed and
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definite set of contacts on the switch. Each position of the switch is num-
hered. To receive a desired channel, the switeh is rotated until the channel
position is reached. Contaet is here made with the tuning circuits of this
channel, and any signal present is reeeived.

Within each of these two categories 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 tuner, illustrated hy
popular Standard Coil units, is shown in Figs. 4-9 and 4-10. The coils for

.

d CHANNEL STRIPS<
i
oI 42

RN SN 4

Courtesy Standard Coil Products

Fic. 4-9. An early form of a turret tuner. The two sets of coils for each channel are
shown separately.

cach 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 coil,
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 are
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

Courtesy Standard Coil Products

Fia. 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 cach 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 conneeted to the receiver without mismatch. The RF-amplifier
tube may be a 6AG5, a 6CB6, or a 6BCS. These tubes have similar charace-
teristics that are interchangeable, except for the slightly different pin con-
neetions of the 6CB6.

The sccondary winding of the input eircuit (Lw) is tuned by the input
capacitance of the RF-amplifier tube in series with the parallel combination
of C, and Ca. Trimmer (s is used for alignment. The 3900-ohm resistor
(Ry) across Ls is inserted for the purpose of broadening the response of the
input-tune circuit to the necessary bandwidth.

We night digress here for a moment to show more clearly how C. can
influence the tuning of the input coil L., H we were to draw the input cir-
cuit of the 6BC5, 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
C. arce in scries with ecach other
across L.. Variation of C» will then o
alter the total series capacitance of ¢s:4
C> and C,, and consequently affect __E_c'zj, L
the resonant frequeney of the input - T
circuit. Another interesting feature g 4.12. ¢, (of Fig. 4-11) and the in-
of this arrangement is that since both  put and stray capacitanee, C,, are in
C. and C, are in series, a change series across Le.
in (', when a tube is changed or a
variation in the operating characteristies of the tube will have less effect in
detuning Le than if C'» had not been present. To demonstrate this, assume C,
has a value of 7 mmf and that €y has a similar value. The value of the two
capacitors in series is 3.5 minf. If, now, heeause 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 mnf, 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 sce 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 L3 in con-
junction with C3 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 Ls. The combination of Rs and




100 TELEVISION SIMPLIFIED

R, across L, 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.)

R3 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 Cie, Lyo, L1, and C,4. Capacitor Cyy is a d-c-blocking capacitor.

Oscillator coil Ly 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,2 to form the split-capacitor of a
Colpitts oscillator. Trimmer C5 is an RF-oscillator adjustment, while C,s,
a variable-diclectric-type capacitor, functions as the fine-tuning control.
Grid-leak bias for the oscillator is developed by Rs and Cyo. 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., 'y, 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. Cy neutralizes the effect of
signal feedback through the interclectrode capacitance of the tube.

The plate load of the first-triode section and the cathode impedance of
the second-triode section of V, is Ls. Since the grid of the second-triode
section of 17, is held at RF ground by Cj, 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 Cy 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 section. R; and R, form a voltage-divider network to accomplish
this.

AGC voltage is applied to the grid of the first-triode section of V',
through R.. When a negative-going voltage is impressed on this grid, the
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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 seetion. Since
this results in a smaller d-c-voltage difference between the plate and eathode
of the sccond section, amplification of the second stage decreases, hence AGC
is effectively applied to both RF amplifiers. 'y prevents RF energy from
entering the AGC circuits.

The remainder of the circuit in Fig. 4-13, containing the mixer, 1", and
the oscillator, V'3, 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,,) 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 Lg and L,
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.

C1o 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 L;, 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 1. Here, in place of a bypass capacitor alone, we also find a coil (Lz).
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

SH
RF_GRID MIXER
_ _Gow 7 _ctow emOCOML _ _ _ _ _ _ _ _ _ _con _ _
| Ly {TE000
Cy
12MMF T
L R
| Cy 4.7k
28
MMF
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1 2 Icz
G
120 == gL,
MMF
rf-—————-——
: V| HEATERS V,
l
| 800
SipogieT0e s MMF

—

300 vle G Cizy
BALANCED ity =
INPUT > 6.3V

Fi. 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 whieh are quite common in present-day tele-
vision receivers. For example, Ty 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 olms,
whereas the RF-amplifier input is unbalanced. A 300-ohm balanced input
is desired to mateh twin-lead transmnission 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
schematieally in Fig. 4-15¢A) and in Fig. 4-16(A). While these are shown
as transformers, transformer action, as we commmonly know it, does not take
place. Instead, a balun consists of two sets of parallel lines, cach 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—'——'_—1 ’_—'———_]
| |
: P '
|
INPUT 56 o 1500 : : 100 |
300 0
paancen| | = UNBALANCED | Py }
INPUT B ouTPUT =1 | 1s0n
-+ QUTPUT Ja W aWaY | 1500 o i
T I [ I
= ] o= I
| I | e 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 cach 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 € form a scries-resonant trap, both peaked for slightly different
frequencies between 41 and 46 me. 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.

== A r——=--
| I 1500 [
00 | b !

INPUT INPUT 750
o ouTPUT 75Q 3570 I i
sacanceols] | ¥ UNBALANCED | °gai b ikl
Y A | 500 | !
\YAAVAA/ | |t |
[ b !
ey ] e P 2

(A) (B) (C)

Courtesy H. W. Sams & Co.

Fic. 4-16. Balun used to match 300-ohms balanced and 75-ohms unbalanced im-
pedances.
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F16. 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 Ca, Cy, Ly, and C,y, the latter representing the input ecapacitance

of the 6BN4 tube. Since C'» and Cy are

6BN6 both much larger than C,y, their im-

Cy Ly pedance will be smaller than that of

"}?" > J_ It T —y—- - -~ C,y. Consequently, a greater amount
¢ O i of the signal voltage will appear across

J_: s C,y. This acts as a voltage step-up ar-

- = rangement just as effectively as if we

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

Ly 1s 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.

C,, 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
R,; C5, 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 Ly, Cs, and
whatever stray and output capacitance of V; might be present. R. is
the plate-decoupling resistor, while C; functions as an RF-bypass capacitor.
However, C'7 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 V', by the neutralizing capacitor C».
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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 'y, Cy, Cg, C3, Cy. Cyq, and Cy; are all somewhat
different from the other fixed eapacitors in the same diagram. The difference
resides in the fact that these are feedthrough ecapacitors. Such capacitors are
constructed by taking a dieleetrie material and shaping it into the forin of
a small cylindrical tube. One metal plate is then deposited around the inner
diameter of the eylinder, while the second plate is deposited over the outer
surface. Wires are then attached to both ends of the inner plate, When the
«apacitor 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 eapacitance values of these units
are large cenough, 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 useful between tuner sections
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 matehing 1000 MMF

balun. The purpose of the resistors in this network

is to provide a leakage path for statie voltages de- o

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

the “hot” chassis from carth ground and prevent Y o

shock if the antenna and earth ground are touched ol

at the same time, Without the resistors, the condue- 470k

tion path would be completed through the low-re- EleMR10, A izolation

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

A number of wafer-switch tuners are in use, but an examination of a
few of the more important ones will serve to indicate their physical and
electrical appearance. Wafer-switch tuners are sometimes also called “wafer-
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tier tuners.” The word “wafer” refers to the switehing arrangement ; the word
“tier” indicates that the switch contains several sections, or tiers. A circuit
diagram of a commercial wafer-switeh 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 eircuit of the RF amplifier,

5BES

TIER WITH

RF GRID
COoILS

i R

Fic. 4-21. General Electric wafer-switeh tuner. The four wafer tiers are indicated,
and the coils which are mounted on these supports can be seen.

1"1. The scecond tier from the rear contains the RF-amplifier plate coils. The
third scetion (farther forward) holds the mixer-grid coils, while the wafer
cloxest to the front of the tuner carries the o=cillator coils. Clustered around
these coils are the various resistors, capacitors, and other induetances com-
prising the tuner circuitry. The closeness of the various components to each
other is 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 cascode arrangement, a neutrode,
a tetrode, or the pentode circuit shown in Fig. 4-20. All types have been 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, Ly4-Ly14, Lig-Li1p, Lic-L1ie, and Lyp-Lyyp, are shorted and re-
moved electrically from the circuit, leaving only L, Lg, Ly, and Ls to tune
the various circuits 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 cireuit 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 occur, 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 described in greater
detail.

The secondary winding of input transformer T, has part of its turns
shorted on all of the high VHF band channels. This is achieved by a shorting
bar mounted at the rear of the wafer which controls the active coils of the
Lys-Ly14 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 R;,.
C,2 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
Ly1p. B+ voltage is brought to the plate by these coils, by L;, and by a feed-
through capacitor (C,5). L; 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 mmif.
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,3, is used, together with the physical
capacitor ("15. The coupling is thus totally capacitive, there being no mag-
netic coupling between the L;z-L,,5 coils and those in the Lyc-Ly, ¢ string.
These capacitors are chosen and positioned in the circuit so that the desired
bandpass of 6-mec is attained on all channels. Note that in order to achieve
the uniform 6-me bandpass, C,g is added for channels 2 through 6; for chan-
nels 7 through 13, Cy4 is effectively shorted out of the circuit.

In the mixer-grid circuit, bias is developed by the injection of the oscil-
lator voltage through Ca,. 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, Ca7, Cas, and Ryy. Ly is an RF choke serving as the direct plate
load of V4. It also brings the B+ voltage to the plate of this tube. Lg is the
first of the video-IF-tuning circuits, with a resonant frequency of 45.0 me.
C2; 1s a coupling capacitor and Cag is a small feedthrough capacitor which
brings the signal through the wall of the tuner. Cz; 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
between the grid and the plate. The frequency of any given channel can he
varied by the fine-tuning capacitor, which is controlled by a sleeve over the
selector switch and functions by moving a section of dielectric 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.

Ls and Lqp in the oscillator circuit have movable slugs which can be ad-
justed from the front of the tuner. The slug in Lj 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-VIIF-band operation (channels 2 to 6). If the circuit is fune-
tioning normally, adjustment of these coils should be all that is required for
the oseillator 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, cither carefully compress the turns of a coil
or spread them apart until the correet oscillator frequency for that channel
is attained.

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

T 3 7 7 S0 e e e~ |
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Fic. 4-22. A wafer-switch tuner designed and produeed by Sarkes-Tarzian.

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

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

A circuit of a dise-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 dise-type tuner lies in the tuning
circuits and how they are arranged. For example, on the RF-input dise, a
series of coils is employed between channels 2 and 6 that has the same form
as a wafer-switch tuner; that is, the coils ar¢ in series with each other and
are brought into the circuit actively, as needed, by a set of contacts. How-

ever, for channels 7, 8, and 9, a completely different set of coils is brought
into the cireuit. 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 cireuits are switched in a similar manner. The RF-amplifier
plate and the mixer-grid circuit are mounted on a larger dise 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 receiver. The other tuning coils
on this larger dise 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-circuit dise. None 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 ecircuit 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 cach other for several channels.
It also resembles the drum-type turret tuner because different sets of coils
are employed for some channels.

Mechanically, the rotation of the dises with their tuning circuits 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
dise-type tuner is fairly simple to disassemble, to repair, and to align. It is
ruggedly constructed, made possible by self-winding springs and solid
molded dises. A detent spring and its roller ride directly on the sealloped
cdge of the smaller dise. 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 beeause it not only does away with the fine-
tuning control, but also enables the receiver to pick up the FM signals that
are located in the 88- to 108-me band.

Several continuous tuners have been 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
each coil section are short-circuited, progressively raising the frequency of
the cireuit. The inductance can thus vary from 0.02 to 1.0 microhenry, per-
mitting a tuning range from 44 to 216 me.

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.

(A)

L

Other types of continuous tuners included a permeability tuner and a
capacitance tuner. In the permeability tuner, the movable slugs of each coil
were mechanieally 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-recciver 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 recciver.

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 recciver 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 reeceiver networks. This noise is
known as “random noise” beecause 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 eomes from two sources: ther-
mal agitation in conduetors and clectron flow through tubes. Thermal agita-
tion arises from the random motion of clectrons within a conduetor. No
external voltage is applied, but the clectrons, 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 frequeney at which the energy changes. It has heen
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-
her reaching this clectrode 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 instantancous fluctuations are the
noise.

In a receciver, 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 iz at any other point in the recciver. Whatever noise voltage appears at
the grid of the REF amplifier 1= 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 thercafter 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 hooster, 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-c power lines. The RF-booster circuits are similar
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Fic. 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. Illustrate two methods of coupling the oscillator signal to the mixer.
8. Using a single tube how is the oscillator frequency for each channel obtained ?
Illustrate 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?

BN
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14, Draw the circuit of a cascode 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 dise 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 eapacitor? 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 redueed to its [F values. The change occurs in the
mixer where the incoming signals are heat 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 basie factors to consider:

1. Frequeney of the IF stages
2. Gain
3. Scleetivity

The procedure is to select the operating frequency first and then con-
sider the problems of gain and seleetivity 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 signa’
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 ae
0.2 per cent in frequency. At 60 me, this means a drift of 120 ke. Although
a shift of this magnitude may not noticcably 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. Ilence, 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 receivers of 1939
—8.75 mc to 12.75 mc. At the second detector, the demodulated video-fre-
quency voltages extending from 0 to 4 me would have to be separated from
the IF values 8.75 to 12.75 me. 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 broadeast 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. Direct 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 produced, 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 me. This means that its bandpass extends from 12.75 me to
8.75 me. Further, suppose the set is tuned to the 54-60 mc television channel,
no. 2. With the IF value specified, the local oscillator would be operating at
55.25 me plus 12.75 me, or 68.00. If a powerful station is operating at the
same time, in the 76-82-mec 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 mec 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 televisivn receivers is
discussed on p. 122,
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of 21 me. (The UHF band, of course, is even wider, being 420 mec 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 of
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
(VHF) television band, this would be 42 mec.

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
necd of incorporating special filters, wave traps, and shielding to prevent
interference from this source, an IF is chosen with a frequeney that is not
used to any appreciable extent for conumnercial 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.
ITowever, 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 indieated, and to a certain point, the higher the better.
This will not only reduce interference from spurious responses but also
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 fecdback through the
tubes and adjacent cireuits and the relatively narrow bandwidths of the
audio FM cireuits. 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 TF 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 sereen, a relatively
high IF is used.

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

* Now known as the “.ectronic Industries Association (EJA).
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me 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-to-27-me range and
from harmonies of near-by amateur stations. F)M 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 eame from
neighboring television receivers.

Suppose your set is tuned to channel 5 (76-82 mc) and a neighbor’s set
is tuned to ehannel 2 (54-60 me). 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-me voltage is radiated from your neighbor's antenna to
your antenna, a series of fine stripes will appear across your sereen.

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 ehannel. With the growing con-
centration of television receivers in large cities and suburban areas, this
problem hecame 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 TF of
45.75 me would serve much better. These frequencies are now recommencded
by the EIA and extensively employed. The circuits for cither 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 deteetor. In
the split-sound receiver, separation of the video and sound signals takes
place before the video second detector. The separation may oceur at the
plate of the mixer or 1t may occur in any one of the video TE 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 reecivers 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 7', is peaked at 21.8 me, but sinee its fre-
quencey vesponse 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 TF component from the primary, transferring it to the grid of the first
IF amplifier. The rest of the signal on the primary of 7' is unaffeeted 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 cireuit is shown in Fig,
5-2. €y 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 circuit,
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 Cy),
separates the sound and video IF voltages.
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plied voltage, where @ is the Q of the circuit (generally this means of the
coil). Thus, if the applied voltage is 5 and the Q 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
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Fic. 5-3. Sound- and video-signal separation using two tuned circuits in series.
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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 be
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 [F amplifier,
whereupon a third winding is coupled to
the interstage transformer and the energy
it absorbs is fed to the control grid of the
first sound IF. Sometimes the manufac-
turer labels this first stage as the first-
video IF. Actually, a better designation
would be, simply, first IF, since both
video and sound IF signals are amplified.

Most split-sound receiver designers
effect the video and sound IF separation Fi6. 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 [F
amplifier stages. On the other hand, there is danger that enough sound F)I
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.
See 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.
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*The video-IF-amplifier section remains essentially the same for split-sound and
intercarrier operation. Such differences that do exist will be brought out us we proceed.
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Fia. 5-5. The position of the video TF amplifiers in the television receiver.

A television signal, when broadeast, has the form shown in Fig. 5-6. [t
is amplitude-modulated, but differs from conventional AM signals by hav-
ing cssentially 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. ITowever, 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-me
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Fi¢. 5-6. The distribution of the television signal as 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 me of the upper sideband. With the
addition of the near-by audio carrier and its sidebands, the full 6.0 me
allotted cach 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 me of the lower sideband and 4.0 me of the upper sideband.
The lower video frequencies (those having frequencies elose to the earrier)
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
1s to prevent this situation that the receiver response characteristic shown in
Fig. 5-7 is generally employed. At the carrier frequeney the response is 50

VIDEQ CARRIER
(2575 OR 4575MC)

AUDIO CARRIER
(21.25 OR 41.25MC

Fic. 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
cqualize 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 indistinet. Poor low-frequency response gives rise to poor
synehronizing 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, prineipally 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
Fig. 5-8. A common form . .
B S T ——— also easier to develop when only three. 1F
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) :

Ve ) N
4125 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
13T VIDEOIF

TO PLATE
MIXER T
€ w ; :
5100 ’ '
g 4723 MC
T ) TRAP
47K 1000a %1000:\.
B+ AGC B+

Frc. 5-9. A typical transformer-coupled video IF amplifier. The addition of the
trap circuit 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'e 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 - = 10 The overall response of a
from 41.75 me to 45.75 me. The IF  complete transformer-coupled I1F sys-
value of the video carrier is 45.75 me 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-me bandpass is to be preferred, little loss in picture quality
will be noted for pass bands of 3.5 me. In many sets, the response begins
to fall at 3.0 me. A narrower bandpass permits the manufacturer to effect
economies in qesign 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 amplifiea-
tion for the signal. One such complete system is shown in Fig. 5-11. Three

30 VIDED IF

280 VIDEO (F E8Z6

1ST VIDED 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 cireuits 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 eapable of distorting the reproduced
image.

In order to receive a 6-me 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 me. 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 loeal
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 me, or 39.75 me, is produced.

The two frequencies—(1) sound from the next lower channel (47.25 me)
and (2) picture carrier from the next higher channel (39.75 me)—must be
climinated 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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Fi6. 5-12. (A) The RF response curve of most television receivers. Note that signals

from adjacent channels can be received. (13) A series trap circuit. (C) An absorption

trap circuit. (D) The double-humped response curve characteristie of closely coupled
cireuits.

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 me. 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
communaty. 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 receivers occurs 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 either a
wormy, fine-line pattern (Fig. 7-32) or a series of dark horizontal bars
(Fig. 7-33), or both. (See p. 216 for details on these patterns.)

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

In intercarrier receivers a sound trap is also used. Here its purpose
is 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 generally means that the overall response curve of the normal tuning
circuits is sufficiently far down at the sound IF value to attenuate the sound
carrier 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 tuned to the frequency to be rejected. Trap
circuits are sharply tuned networks, designed to reject one frequency or, at
most, a narrow band of frequencies. 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.



VIDEO IF AMPLIFIERS 133

frequencies, the resonant cireuit 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 primary 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. Sinee the primary band
coverage includes this one frequency, there is a sharp drop in primary voltage
at thix 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.

6B26
VIDEO LE 270

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 (', forms a broadly tuned series-resonant circuit to the
same range of frequencies as Lo, 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
eircuit (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

B+

(8)

Fig. 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 cireuit.
At other frequencies the trap circuit presents a relatively high impedance,
permitting these signals to proceed farther into the eireuit.

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 frequeney 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 frequeney is attenuated. A more
cfficient parallel trap is shown in Fig. 5-14(B).
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At first glance, the trap network appears as a parallel-resonant eireuit
rather than a series-resonant circuit. Let us, however, analyze its operation.
The example, Fig. 5-14(B), is taken from a commercial television reeciver.
It is designed to bypass or trap the audio-carrier voltage of the signal
being received. In this instance the 1 frequeney is 41.25 me.

If we consider first Ly and Cy, ignoring €'y for the moment, then we have
a parallel-resonant circuit, tuned to 42.25 me. The coil @ is 200, and a fairly
large voltage is developed across the combination at this frequency. Now,
it is casily demonstrated that, for all frequencies lower than its resonant
frequency, a parallel resonant cireuit appears inductive. (At the resonant
frequency, of course, it presents a purely resistive impedance.) For fre-
queneies above resonanee, the impedanee 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-me resonant
frequency of L, and Cy, the parallel combination appears inductive to the
audio IF signal. By resonating this inductance with (', 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 C'g) for 42.25 me, we ob-
tain a sharp rise in voltage just beyond 41.25 me. Since the 42.25-me value
is ineluded in the range of the desired video frequencies (they extend from
45.75 me down to 41.75 me), we insure that the video frequencies are passed
by the trap with negligible attenuation while, at the same time, foreibly
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, Cy, and C3 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, C;, and Cy are resonated will be
great. Ratios of 50 and 60 to 1 are easily attainable using components which
possess anufacturing 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
cquivalent network of Fig. 5-15(C). This is called a “delta-wye transforma-
tion” and can be readily accomplished with well-known eleetrical theorems.
If the various components of the bridged-T network C,, L;, and (. are
properly chosen, Z, will have a negative value. If we make R cqual 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 network is
tuned. For all other frequeneies the trap offers little shunting effeet 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. Conneet an AN 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 deteetor. Consult the manufacturer's instruetions 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 frequencey, that is, the various tuning circuits are peaked individually
to different frequencies within the bandpass of the svstem. It may be that
two circuits in different stages are tuned to the same frequeney, but never
will all of the tuning eircuits peak to one frequency. In short, there is a
spread of frequencies, but when the individual responses are combined, they
produce an overall curve whieh 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
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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 me, which is the frequency that the sound ecarrier
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-nc
bandpass, there might be five stagger-tuned coils, using four video IF stages.
In other sets, where a 3.0-mc 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 Fy in the diagram) the response of the cireuit is
at its peak, or maximum, From this point, in either direction, the response
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Fi16. 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 (' and C” and say that all fre-
queneies 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 eyeles between the two frequencies at which the impedance pre-
sented by the tuning eireuit 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 4 and A’ is 0.707 (or 1/4/2) of the im-
pedance offered by the circuit at Fo. In this particular illustration, Fig. 5-17,
the bandwidth is 0.4 mec.

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 (K/E.), where E,
here would be the voltage at Fy, 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
cither point 4 or point A’ the impedance offered to the same signal 1is

1/7/2, 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 Ko = E,/\/2, then Py_, = E\2/2R, which is one-half the
power developed across R at Fy, 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.c., follow each other), then the overall bandwidth is not equal
to the bandwidth of either cireuit, as one might expeet, 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 F,, its peak, and 0.707 at the ends
of the bandpass. Let us say that the mid-frequency is 10 e, while the
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Fic. 5-18. Two tuned cirenits, cach peaked to the =ume frequency, produce an
overall responsc i which the bandwidth is less than that of either eurve 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 me,
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 characteristies 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. Sce 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
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Fia. 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 beecause at the center
frequency of the overall response curve, the individual stage responses
arc 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 one step further. We have seen that by stagger-tuning
two tuned eireuits, 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 eircuit. 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
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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 clearer. Suppose that the band-
width of each individual stage is decreased to 0.707 of its original value. To
do this, we raise the individual circuit Q'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 1
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 = Fy/Q, where
Fo 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 decreasing the @ of the coil a
proportional amount. However, if we raise the resonant frequency of the
coil, maintaining ) constant, then the bandwidth will increase in like
nmeasure.

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 are used, with two of the coils peaked to one
frequency and two peaked to another frequeney. (If the designer wishes, all
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Fic. 5-20. A stagger-tuned video IF system usinz single-tuned coils,
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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 sccond 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 1s
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 cireuit
uses a coupling resistor. In short, cach 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 neceded to achicve an
overall passband of 3 or 4 mc, when the individual responses of all the coils
arc 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 gencrator is connceted 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-me 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

+tenuate it to the desired level. Whether a trap circuit substantially elimi-
cignal or simply reduces it to a lower, but still usable, level, depends
the Q of the trap circuit. With a high Q circuit, substantial
"Nle; with a medium @ cireuit, the signal is simply lowered
~ompletely eliminated.
m does not change with a moderate change in
e circuit in Fig. 5-20 is designed for the 40-me
ning circuits, it works satisfactorily in the 20-mec



VIDEO IF AMPLIFIERS 143

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
coll 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
aligniment.

The circuit diagram of a video IF system employ- WINDING A
ing bifilar coils is shown in Fig. 5-22. The system  Fie. 5-21. A bifilar coil.
contains four IF stages and bifilar coils are employed
in all of them. The circuit hetween the tuner output and the first IF
stage is basically a low-pass filter consisting of a coil (primary winding of
T,) plus a cireuit capacitance on each side of it. In addition, an absorption
trap tuned to 39.75 me is coupled to this winding (i.c., the secondary of T),
while a second parallel-resonant trap, L,, Cy, and Cy, 1s placed in series
with it. Three other absorption traps are also found in this IF system, one
cach in the second, third, and fourth stages. The traps tune to the sound
IF carrier of the channel being received (41.25 me), the video carrier of the
adjacent higher channel (39.75 me), and the sound carrier of the adjacent
lower channel (47.25 me). AGC voltage is applied to the first two stages.

Note that trap cireuits, 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 cireuit; however,
this arrangement is frequently costlier and is generally avoided for that
reason,

By comparing Figs. 5-20 and 5-22, we sce tnat 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
cireuit is also eliminated. Thus, a system employing bifilar coils is more
cconomical 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 bhand-
width,

A system may employ all single-tuned coils or all bifilar coils, or it
may use both types. Of late, the tendeney has been toward the latter—one
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or two single-tuned coils between the mixer and first 1F stage, and bifilar
coils throughout the remainder of the system.

Again, all the video 1F svstenis diseussed may be used for the older
21-26-me IF band or for the newer 41-46-me 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
deteetor (in interearrier 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 me, and, in such instances, three or even two IF
amplifiers may be used. provided the level of the received signal is high
enough. (Iigh 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 fact, in some receivers using
sereens of 14 in. or less, the overall IF bandwidth may even drop slightly
below 3 me. This is beeause the smaller the sereen, the less need there is for
exceedingly fine pictorial detail, unless the viewer wishes to sit very close
to the sereen. Generally this is not true, and the detail lost by the reduced
handwidth is not noticed.

Representative 2- and 3-stage IF syvstems are shown in Figs. 5-23 and
5-24. In form, these follow the pattern of the IF systems previously dis-
cussed. In each, there are single-tuned coils between the tuner mixer and
the first IF stage. while bifilar coils are utilized in the remainder of the
systemi. The number of trap circuits generally decrease as the system band-
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Fic 5-23. A 3-stage video IF system.
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pass becomes narrower. This deerease is duc to two reasons; first, the nar-
rower bandpass systems are found in lower priced =et= and this necessitates
paring the circuit of as many eomponents as possible consistent with a
certain minimum level of performance. Second, with a narrower bandpass,
the cireuit will itself impose attenuation on signals from adjacent channels,
thereby lessening the need for traps. As a matter of fact. many 2-stage IF
systems possess no traps at all and rely solely on the IF tuning cireuits to
attenuate the undesirable signals.
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Fia. 5-24. A 2-stage video IF system. Note that there are only three peaking adjust-

ments, and these, in conjunction with another one in the mixer plate eireuit, would

be adjusted for the desired response. The reason for the connection from the hottom

of the cathode eircuit of the first video IF to the screen grid of the RF amplifier
is explained in the text.

In 3- and 4-stage systems, AGC is applied to at least one stage (the
first) and frequently to the second as well. However, in 2-stage IF systems,
AGC is applied only to the first stage and sometimes the matter of ac-
complishing this is indircet. For example, in Fig. 5-24, the AGC line (not
shown) goes only to the control grid of the RF amplifier in the tuner. Here
it controls the gain of the stage. However, the bottom end of the eathode
resistor of the first IF stage is direetly connected to the sereen grid and the
plate circuits of the RF amplifier. When a strong signal is received, the AGC
voltage becomes more negative, reducing the current through the RF
tube. This, in turn, raises the positive potential of the sereen grid and plate
of this tube. Since the bottom end of the first IF cathode is connected to
the lateer element in the RF-amplifier tube, it, too, will have its positive
potential increased. This arrangement is equivalent to a negative increase in
grid bias for the video IF tube and the gain of the stage will decrease. Thus,



VIDEO IF AMPLIFIERS 147

by this indirect approach, automatic gain control of the first IF stage is
achieved.

Complex Coupling. Thus far, we have considered transformer-coupled
and stagger-tuned video IF amplifiers; now let us turn our attention to
complex-coupled systems.

In the video II' system of Fig. 5-25 all interstage circuits are capaci-
tively coupled. Thus L, leading to the input IF amplifier transfers its energy
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Fie. 5-25. A complex-coupled video 1F system.

to Ly through €y and C. (L, and Ly are not induetively coupled.) For
alignment, Ly and Ly are peaked to different frequencies, and then C, is
adjusted to provide the desired bandwidth. The idea here is to achieve the
proper bandwidth without permitting any appreciable dip to appear in the
center of the response curve. In this input network, all signals between 28.1
and 22.1 me are permitted to reach the amplifier tube 6BZ6. The audio
[F signal is then transferred to the audio system from the plate of the
input IF amplifier. In the second coupling network located between 17,
and 1y, the accompanying audio II voltage is sharply attenuated by the
trap consisting of La, ('y, Oy, and R,. (The reader will recognize this as a
bridged-T network.) L,, L;, and (5 form the video IF coupling network
similar to L,, Ls, €y, and Cy. The bandpass of this network is restrieted to
the 4.0 me required by the video intermediate frequeneies, The remaining
video TF amplifiers of this system (not shown) are similar to the first two
stages.

A seeond complex-coupled network is shown in Fig. 5-26. The common
inductance L. couples the signal energy from the mixer plate to the grid
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of V;. The mixer load circuit is L, plus L.. The input circuit for Vy is L.
plus L. La is thus the common clement in both arms of this network and
functions as the transferring agent. L, and Ly possess variable cores in order
that the bandpass of this network may have the proper width (4.0 me). C,

6826
IST VIDEO
1€

MIXER

Fic. 5-26. A complex-coupled stage using the common inductance, L., to transfer
the =ignal from the plate of the mixer to the grid of V,.

is a d-c¢ blocking capacitor, preventing the mixer B+ plate voltage from
reaching the grid of 1. (s is an ordinary bypass capacitor. An 8,200-ohm
plate resistor broadens the response of the network to insure a 4.0-me spread.

Some readers will recognize the foregoing cireuit as the familiar “T"” net-
work employed in some filters. Another complex arrangement is the “pi”
circuit shown in Fig. 5-27. Although a large number of such circuits are
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Fis. 5-27. A pi-type video coupling network.

possible, few, besides the ones shown, are ever employed. Cireuits more
complex than these are usually too costly and too difficult to adjust to per-
mit their adaptation to mass-produced television receivers.

The cores of the IF coils and transformers discussed in this chapter re-
quire several alignment tools. One type of core, shown in Fig. 5-28(A), has
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a hexagonal hole. A small, 6-sided rod is needed for its adjustment. The
sides of the rod are visually aligned with the sides of the hole, inserted into
the opening, and then slowly rotated.

A =ccond type of eore, shown in an
Fig. 5-28(B), has a partial slot, 3
whereas the core in Fig. 5-28(C) has
a full slot. For these cores, narrow
metal, fiber, or plastie tipped serew-
drivers are required. It is particularly
important that the blade exactly fits Courtesy H. W. Sams & (o.
the slot; otherwise the slot may be g
damaged and it may be difficult or
even impossible to turn the core.

The fourth type of core, shown in Fig, 5-28(I)), has a brass serew im-
bedded in it. The open end of the serew is slotted, requiring a thin serew-
driver blade for turning.

. 5-28. Types of cores used in IF coils.

QUESTIONS

1. Draw the standard response curve for the IF system of a television receiver.
Indicate the position of the video carrier.

2. What basic factors govern the design of an IF system?

3. How ix the 1F chogen for a svstem?

4. What i a spurious response?

5. List and explain two types of spurious responses,

6. Illustrate two methods for separating audio and video IF voltages from each
other in split-sound sets.

7. When are video and audio IF signals separated from each other? Explain
for both split-sound and interearrier svstems,

8. Why are trap circuits used in video IF amplifiers?

9. In a split-sound receiver emploving 45.75 mec for the video carrier IF and
41.25 me for the audio carrier IF, what trap irequencies should be employed?
Explain how your answers were obtained.

10. When is the audio signal of the adjacent television channel not important?
Why?

11. Draw three types of trap circuits commonly found in television circuits.

12, Given that the video carrier IF is 4525 mc for a certain receiver. List the
oscillator frequencies for each of the thirteen channels.

13. Draw the circuits of two different types of IF amplifiers.

14. Explain why capacitor tuning ix seldom found in video IF tuned circuits.

15. A video IF signal extends from 45.75 me to 41.25 me. What effect would
attenuation of the frequencies around 45.75 me have on the image? Around 43.25
me?

16. Explain the reason why the EIA recommended that the video IF carrier be
raised to 45.75 mc and the sound IF carrier value be raised to 41.25 me.

17. How are the trap circuits of a video IF svstem adjusted?

18. Explain the principle behind stagger-tuning.
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19. Wherein does a bifilar coil differ from conventional transformer coupling?

20. The video IF svstem shown in Fig. 5-24, does not contain auy trap cirenits,
Explain why this ix possible in this ease withont the receiver hecoming unduly
suseeptible to interference from adjacent channels?

21. What is the function in C, in Fig. 5-25?



CHAPTER 6

Video Detectors and AGC Circuits

Detection of the Video Signal. In accordance with the general line-up
that is peculiar to superheterodynes, the second detector follows the lust 1F
amplifier. Deteetion in television receivers is carried out in much the same
manner as i any ordinary sound broadeast reeeiver. The single diode, con-
nected as shown in Fig. 6-1, is typical. The demodulated video signal with
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Fi. 6-1. A diode detector for a television receiver.

its blanking and =ynehronizing peaks is developed across Ry, The form of
the signal when it enters the second detector is shown to the left of the
figure. The rectified resultant is illustrated at the right.

As is true of diode operation, plate current flows only when the plate is
positive with respeet to the cathode. The effeet of this action is to eliminate
the negative portion of the incoming signal. Since the positive and negative
seetions of the modulated video signal are exact duplieates of each other,
cither one may be used. Instead of a half-wave reetifier it is also possible to
use the full-wave arrangement shown in Fig. 6-2 with a 6AL5 double diode.

151
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Fig. 6-2. A full-wave deteetor.

Positive and Negative Picture Phases. At this point it is necessary to
consider the effect of the relative polarity of the voltage drop across the load
resistor Ry, It will be recalled from Chapter 1 that, for American television
systems, negative picture transmission is standard. This means that the
brightest elements cause the least amount of current to flow, while maximum
current is obtained when the blacker than black region of the synchronizing
signal is reached. This method of transmission was adopted because it was
felt that better overall reeeption would be obtained.

The signal in the negative pieture-phase form, as shown in Fig. 6-3(A)
however, cannot be applied directly to the grid of the picture tube. It first
has to be reversed to the form shown in Fig. 6-3(B). That this is necessary
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Fic. 6-3. Rectified video signals may be obtained from the output of the detector
in either one of the two forms shown, depending upon how the deteetor is conneeted.

is casily seen, for the blanking and synchronizing signals, when applied to
the control grid of a picture tube, must bias it to cutoff. The objective can
be attained only if the signal has the form given in Fig. 6-3(B). The tele-
vision engineer calls this latter form of the television signal the positive pic-
ture phase. Tt is interesting to note that, if the negative phase of the signal
is applied to the control grid of the picture tube, all the picture values
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will be reversed and the observed scene will be similar to a photographic
negative.*

In sound receivers, no attention is given to the relative phase of the audio
signal hecause our ears are insentive to all but gross phase differences.
Television, on the other hand, deals with visual images, and reversal of phase
produces noticeable effects. Possible ways of altering the phase of the video
signal are discussed in the following paragraphs.

Turning to the half-wave detector cireuit of Fig. 6-1, let us investigate
the voltage developed across I, The incoming signal has the same form
as at the antenna, with the synchronizing pulses giving rise to the greatest
voltages. At the diode rectifier, these synchronizing signals cause the plate
to become the most positive, resulting in a greater voltage drop across I,
and having the polarity as shown. On the other hand, those portions of
the video signal representing the bright segments of the image will have the
least positive voltage at the diode plate, with a smaller resultant voltage
drop at R,. Thus, with this circuit hookup, point A of resistor R, will
still give rise to a large positive voltage for the synchronizing signals, which
means that the signal is still in the negative picture phase. The signal is
unsuitable for direet application to the grid of the viewing tube.

The direetion of the current flow through R, may be altered quite easily
to give the opposite polarity. Rimply reverse the connections hetween the
diode tube and the input transformer, as shown in Fig. 6-4. Rectification now

0
l L T/ 48
’F £e
“a
W 3 -
€< | RecTFiED OUTPUT
T SiG F
wNPU NAL FORM ) , |
A A
= R — T0 VIDEO
_—+ AMPLIFIERS

Fig. 6-4. A diode iletector connceted to give a positive-picture-phase output signal.,
Note that, with an inverted diode detector, only the negative half of the input signal
i= reetified. In Fig. 5-1 the opposite is true.

climinates the positive half of the modulated earrier and leaves the negative
half. Sinee both contain the same information, nothing is lost. Point 4 be-
comes more strongly negative for the blanking and synchronizing por-

* Another widely used method of distinguishing between signal polarities is to

employ the designation of sync pulse positive (Fig. 6-3(A)) or sync pulse negative
(Fig. 6-3(B)).
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tion of the video signal, while the bright elements cause A to become less
negative. When the signal is applied in this form between the grid and the
cathode of the image tube, the largest current will flow for the bright sec-
tions of the image and a bright spot will appear on the fluorescent screen.
For the blanking and synchronizing parts of the signal, the voltage at the
grid (from point 4) will be highly negative and the electron beam will be
cut off, as it should be.

The strength of the signal that is developed at the diode load resistor is
not strong enough to use directly at the picture tube. llence, further am-
plification is necessary. The following video amplifiers, which are generally
of the resistance-coupled type, are eapable of reversing by 180 deg the po-
larity of any signal sent through them. Thus, if the video signal had a posi-
tive picture phasc at the diode load resistor, it would have a negative pic-
ture phasc at the output of the first video amplifier. With another stage of
amplification, the picture would be brought back to the positive phase again.
As a general rule, then, an even number of video amplifiers is required if the
picture phase across Rj, in the detector is positive. For a negative picture
phase at R, an odd number of video amplifiers is needed, this time for a
positive picture to appear at the grid of the image tube. These conditions are
illustrated in block form in Fig. 6-5.

0dd no. of
Video ump.
Diode
detector
Even no. of 5
Video amp. PO Picture phuase must

be positive here

Fic. 6-5. An illustration of why the number of video amplifiers after the detector
is dependent upon the polarity of the signal obtained from the detector.

The circuit of the video deteetor and the video amplifier in Fig. 6-6 ap-
pears at first glance to violate the foregoing rules. Fxamination of the video
signal developed across Iy reveals it to be positively phased. This would
require 0, 2, 4, or some other even number of video amplifiers, Actually only
one is present, The mystery is resolved when we note that the output of the
video aniplifier is fed not to the control grid of the cathode-ray tube but to
its cathode. The foregoing rules were drawn up with the tacit understanding
that all incoming signals are applied to the control grid of the picture tube.
To produce similar results, signals applied to the cathode of a tube should
differ by 180 deg from the same signals applied to the control grid.

Detector Filtering and Peaking. The frequencies present in the de-
tector cireuit include the intermediate-frequency values and the actual video
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F1a. 6-6. A video detector and video amplifier feeding the signal to the cathode of
the image tube.

signals themselves, 0-4 me. The latter voltages are to be passed on to the
video amplifiers and strengthened to the point where they are able to modu-
late the cleetron current in the eathode-ray tube to produce an image on
the sereen. At the detector output, the intermediate frequencies must be
properly shunted around the load resistor to prevent their reaching the fol-
lowing video amplifiers. In the receivers currently being produced, the prob-
lem of filtering the IF voltages has been made comparatively simple through
the use of fairly high IF values. The reetified video signal has a maximum
frequency of 4 me. In ecarly television receivers, the IF values ranged from
8.75 to 12.75 me, and considerable filtering was required because of the low
order of separation between the desired frequencies (0-4 me) and those
which were to be bypassed (8.75 to 12.75 me). However, by increasing the
separation between the two, we have simplified the problem considerably.
Current recommended values for the video TF are between 40 and 46 mec.
Adecquate filtering can be obtained through the arrangement shown in Fig.
6-7. The rectified current passes through the low-pass filter composed of
Cy, In, Ry, La, Rs, and C,. 'y is a small fixed capacitor of 5 mmf, but ac-
tually there cxists additional eca-

pacitance across this point produced

by the tube and the wiring. At the

other end of the filter, C. is shown

in dotted form because no such 3

TO IST
VIDEQ AMP

component is inserted. However,
the sum of the stray wiring capaci- “TUBE CAPACITY =
ance plus the input capacitance of Fig. 6.7. A video detector circuit with a
the following video amplifier pro- low-pass filter and load resistor.
duces the equivalent of an actual

capacitor of 10 to 15 mmf. The two coils, L, and Ls, while forming part of
the low-pass filter, at the same time maintain a good frequency response to
4 mc, thereby counteracting any tendency of the circuit to attenuate these
higher video frequencies. More will be noted on this point in the succeeding
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chapter on video amplifiers. The 39,000-ohm resistor shunted across L, is
used to prevent the response of the coil from rising abruptly at the higher
video frequencies beeause of a natural resonant circuit formed by the coil
and its inherent capacitance. The detector load resistor is K. (3,900 ohms).

In place of a diode tube, many television receiver designers use one of
the germanium erystal detectors, 1N34, 1N54, 1N35, 1N60, and 1N295,
among others. A typical circuit using a germanium erystal is shown in Fig.
6-8.

CRYSTAL
VIDEO DET,

03] ( > TO GRID
1ST VIDEO AMP

VIDEO 1 F |

Fic. 6-8. A germanium crystal as a video detector.

Shunt Video Detectors. All of the video detectors discussed thus far
are of the series type, in which the rectifier (tube or seiniconductor diode),
the input-tuned eircuit, and the load resistor are all in series. It is also pos-
sible to achieve deteetion by placing the diode in shunt with the tuned cir-
cuit and the load resistor. The basic eircuit is shown in Fig. 6-9(A) and the
complete circuit, with the low-pass filter, is shown in Fig. 6-9(B).

The circuit of Fig. 6-9(A) operates in the following manner. When the
positive half of the IF video signal is active, 1N295 germanium diode con-
ducts. Eleetrons travel up through the diode to the right-hand plate of Cy,
charging this side of the eapacitor negative. At the same time, an equivalent
number of electrons leave the other plate of €, and travel down through L,
and R. to B+ and thence to ground, completing the circuit. Because of the
low resistance of the diode while it is condueting, C, will charge to the
peak of the applied voltage.

During the succeeding half-cycle, when the signal voltage is negative,
the diode becomes nonconductive. C,, however, finds a complete discharge
path through R, and electrons travel from the right-hand plate of €,
through R, to ground, then up through V, to the other plate of (',. This
flow places the full value of the voltage of C, across ;. Thus, we obtain
all of the IF variations across Ry, as well as the modulation signal (which
represents the video information), and an average d-c voltage, because recti-
fication has taken place. Additional filtering is required to remove the IF
portion of the voltage. What happens to the d-c voltage depends on the suc-
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ceeding circuit. If it is desired to retain the d-c voltage, then a d-c path is
maintained to the next tube (a video amplifier). However, if this d-¢ voltage

is not desired, the signal across R, can be capacitively coupled to the next
stage.

FINAL G
i 1 > T0 VIDEO

V, 5.2 AMP
' L MMF
?LI R §RL

1004
l [ IN295

800 R2

MMFI 1K = =

B+ (a)
IF FILTER NETWORK L
¢ Co L ey
| ! 2 3
J— 17N 211N : +—>T0 VIDEQ
JH’ 5.2 : | L\M,J AMP
MMF G S L eex
L §R| ' MMF MMF | .
= 1000 4
, i B - 33K
800 [ R, ¥ IN295
MMF]: |K L5
J
B+
(B)

Fic. 6-9. (A) Basic circuit of shunt video detector. (B) Complete eireuit with low-
pass filter and video-peaking coils,

A full-shunt-detector circuit, complete with a low-pass filter, is shown
in Fig. 6-9(B). Ly. Ly, Cs, and 'y form the filter, while Ly and Ly serve as
the video-peaking elements. R, is a current-limiting resistor, designed to pro-
tect the 1N295 diode. Note that in this arrangement the low-pass filter is
placed before the load resistor, R;. It could have been positioned after Ry,
but the arrangement shown is the more efficient approach.

Before we leave video detectors, it might be instructive to see how a video
signal would appear as seen on the screen of an oscilloscope. A typical pre-
sentation is given in Fig. 6-10. To obtain a stationary pattern, the sweeping
rate in the oscilloscope should either be 15,750 eveles or, for two full lines,
as shown in Fig. 6-10, 7875 cycles. How clearly the sync pulses appear will
depend on the overall response of the vertical amplifiers in the oscilloscope.
If this response is too narrow, the sync pulses will appear with rounded
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corners; however, even with the limited response of fairly low-cost oscillo-
scopes, the form of the video signal will be clearly diseernible.

AVC and AGC. Automatic volume control (actually this should be
called “automatic gain control”) in a radio receiver serves to keep the
output constant while wide variations oc-
cur in the input signal. Onece the manual
volume control has sclected the output
level that is desired, the AVC system
tends to keep it there. In addition, when
tuning to other stations, no adjustments
are neeessary to prevent blasting. For
television reeeivers, automatic gain con-
trol (AGC) is advantageous in keeping
the picture intensity fixed at one level
while the actual video signal at the input
of the set may be varying. The eye is far
more critical of changes than the car, and anything that minimizes un-
wanted variations in image intensity is very desirable. AGC is advantageous
when switching from one station to another, for again input-signal strengths
may differ. Finally, more stable synchronizing is obtained if the signal fed
to the synchronizing circuits is constant in amplitude.

In a radio recciver, the AVC voltage is obtained at the second detector.
The necessary audio signal is developed across the load resistor. A circuit
frequently used is illustrated in Fig. 6-11, with the polarity of the AVC
voltage and the filter circuit included. It will be recalled that the object of
the AVC is not to feed back the instantancous audio variations but rather
an average voltage that depends upon the carrier level back to the RF and

Fic. 6-10. Two lines of a video sig-
nal, as observed on the screen of an
oscilloscope.

IF IF 2nd Det.—AVC

| A
1 =
< < s -
< = < = < To audlo
100 (')uoo 3 mo{.)uuo Rig ! meo.————>gmpitfier
4

Fig. 6-11. A conventional AVC circuit found in radio receivers.



VIDEO DETECTORS AND AGC CIRCUITS 159

IF stages. If the audio variations were sent back to the preceding tubes, all
musical passages, for example, would be heard with the same intensity, in
itself a form of distortion,

The desired AVC voltage is obtained from the average voltage developed
across the load resistor by the rectified carrier signal. The incoming signal,
both before and after reetification by the diode deteetor, is shown in Fig.
6-12. The deteetor output consists of a pulsating d-¢ voltage that contains

AV.C. Voitage -t j[_\- _/[\__ 7[\/\/_4'_
! (

x
B) Averuge or d-¢
component of

rectified wave

(A) Modulated Carrier (B) Rectified Signal

F16. 6-12. The AVC voltage developed across R, represents the average value of
the incoming wave.

a varying audio voltage, and an average d-c voltage dependent upon the
carrier strength. The audio signal, since it is varying as much above the
average value as below, contributes nothing to the d-c¢ voltage. The only
way the average d-c¢ voltage can be changed is to alter the strength of
the ecarrier. This is demonstrated in Fig, 6-13, where different levels of
carrier signals are shown, all having the same audio component. The d-¢
voltage is then fed to the various controlled 1F and RF stages. The purpose
of filter capacitor €'y and resistor 2, of Fig. 6-11 is to prevent (or at least
minimize) any audio voltage from reaching the controlled tubes.

Average or d-c voltage developed al detector

T/\/[\()/\\/[\\ [ E _

WEAK CARRIER MEDIUM CARRIER STRONG CARRIER

Fia. 6-13. These diagrams illustrate how the AVC voltage is dependent upon the
strength of the incoming signal, and not upon its modulation.

The objcetives in television receivers, through the use of automatic gain
control, are similar to those of radio broadeast sets. The means of ob-
taining the necessary voltage, though, is somewhat different, beeause of the
difference in the make-up of the video signals. A study of the television-
modulated signal in Fig. 6-14 reveals that, so far as AGC is concerned,
the rapidly varying camera signal is of little use to us. We desire some point
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which will be indicative of the strength of the carrier and which does nut
change with anything but the carrier.

With the present system of transmission, the carrier is always brought
to the same level when the synchronizing pulses are inserted. Thus, so long
as the signal being reccived is constant in strength, the level of the synchro-
nizing pulses will always reach the same value. If something should affect

SYNC. PULSES (FIXED)
CAMERA

S — __ BLANKING LEVEL
l ' (FIXED)
» \ h AVEl V'
- l“‘ll‘l‘l‘:i'h!!!l I i RA((;:OTIDF%?E;)OLTAGE
HTTH l ! l“'l W)

| uii

Fig. 6-14. An amplitude-modulated television signal. The fixed voltage levels
are suitable for AGC control since these voltages vary directly with signal
strength.

the carrier level, these pulses would likewise change. With the change, the
gain of the set would require adjustment to maintain the previous level at
the detector. Hence, the strength of the synehronizing pulses will serve
nicely as a reference level for the AGC system. It should be noted that the
level of the blanking pulses (immediately below the top of the synchronizing
pulse) is likewise fixed and may also be used.

To the present, three general methods have been employed to develop
AGC voltage: peak, average, and keyed. Eaeh will be considered in turn.

Peak AGC Systems. In peak AGC systems, the designer uses the sync-
pulse tips to establish the AGC voltage. A separate diode rectifier is em-
ployed which receives the same video IF signal as the second detector. Diode
conduction occurs during one-half cyele (positive or negative) and during
this period a capacitor is charged to the full voltage of the arriving sync
pulse. It is this voltage which is then employed for automatic gain control.

A typical peak-detector cireuit is shown in Fig. 6-15(A). The AGC
diode is one section of a 6AL5 and receives the incoming signal from the
video IF system through a 0.5-mf capacitor, C;. The load for the AGC
tube is Ry, a 1-megohm resistor. To understand the operation of this cireuit,
consider the equivalent diagram shown in Fig. 6-15(B). (The cathode re-
sistor and eapacitor are omitted from the equivalent diagram beeause they
do not affect the AGC-voltage development.) The AGC tube will not con-
duct until its plate is driven positive with respeet to its cathode. When this
occurs, electrons flow from the cathode to the plate of the diode and into
(,, where the negative charge is stored. Very few electrons attempt to go
through R; because of its high value. On account of the low impedance
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Fig. 6-15. (A) A simple peak AGC network. (13) The equivalent eircuit, showing
the charge and discharge paths of (7.

offered by the tube when it is condueting, €, charges up to the peak of the
applied voltage, which is the value of the synchronizing pulses.

During the negative excursion of the incoming signal, the plate of the
diode is driven negative with respeet to its eathode and no conduction
through the tube occurs. However, if we examine Fig. 6-15(1), we sce that
a complete circuit exists with €y, Ry, and the input coil all in series. Since
a voltage exists across 'y and a complete path is available, eurrent will flow,
with the upper end of R, becoming negative with respect to ground. Be-
cause of the long time constant of Ry and 'y, the charge accumulated across
(', will discharge slowly through R;, so slowly, in fact, that only a small
pereentage of the voltage across €'y will be lost during the interval when
the tube is not conducting,.

When the incoming signal becomes positive again, the tube does not im-
mediately conduet because the applied signal voltage must first overcome
the negative voltage existing across Cy. Sinee (' has lost little of its voltage,
tube conduction will occur only at the very peak of the positive cycle.
These peaks, of course, are the synchronizing pulses. Thus, the voltage across
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C, is governed entirely by the syne pulses, which is what we desire. The
negative voltage across R, is filtered by R, and C2 to remove the 15,750-cycle
ripple of the horizontal syne pulse, and then fed to the video IF amplifiers
as the control voltage. It is interesting to note that the same diode can
also supply the syne pulses to the horizontal and vertical sync systems.
Since current flows through this diode only at the syne pulses, voltage
pips will appear at these times across the 4,700-ohm resistor in the eathode
leg of the tube. These pips are tapped off and applied to the syne-separating
circuits.

Instead of using a separate diode to develop the AGC voltage, the syne
separator can he designed to provide this voltage as well as to separate the
syne pulses from the rest of the video signal. (The latter aspect of its be-
havior will be diseussed in a subsequent chapter.) A suitable cireuit appears
in Fig. 6-16. The entire video signal (containing signal voltages and syne

6AC7 rrsr—|
IST VIDEO 2N0 VIDEO
AMP .0l MF AMP
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FiG. 6-16. An AGC network employed in =ome television receivers.

pulses) is tapped off from the output cireuit of the first video-frequeney
amplifier and applied to a 63G7 sync-separator tube. The AGC voltage is
developed at the grid of V; as a result of the grid-leak-biasing arrangement
employed here. V; has no fixed bias of its own. Hence, when a signal is ap-
plied through 4, grid current flows for the positive portions of the signal,
the amount depending upon the strength of the signal voltage. Because of
the high value of R; and R., the grid electrons flow into (4, charging it to
the peak value of the applied signal. This peak value is set by the syne
pulses. The charge developed across €y then discharges slowly through R,
and R., developing a bias voltage across these two resistors which is nega-
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tive with respeet to ground. Because of the long-time constant of the grid
network, the charge on (') leaks off slowly, and only the syne pulses can
overeome its negative charge and cause current to flow in the 63G7. Thus, the
voltage developed aeross By and Ry is governed by the syne pulses. The
voltage aeross Ky is applied, through a suitable filter network, to several
video IF amplifiers as an automatic bias. The 63(i7 is a syne separator be-
cause only the syne pulses appear in its output. The rest of the video signal
is without effeet beeause of the high negative grid-leak bias.

A system which is more complex and involves the use of a special AGC
amplifier is shown in Fig. 6-17. As before, the incoming video signal is
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1o 33
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22n 52 2%
1 ] %

OUTPUT OF
HOR SWEEP GEN

TO
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Fis. 6-17. An AGC network that uses an amplifier.

received from the video IF system and applied to the video second de-
teetor and the AGC reetifier. In the cathode leg of the AGC diode sec-
tion of the 6AL5, we have the long-time-constant network of R, (4.7 meg)
and €y (0.05 mf). Initially the capacitor charges up to the peak value of
the incoming syne pulses and thereafter discharges slowly through R, dur-
ing those intervals when the diode tube does not conduct. Since the dis-
charge is very slow, because of the time constant of the eircuit, much of the
voltage established across Cy will remain. Henee, current will flow through
the tube only at the synec-pulse tips. The voltage thus established across C,
and R; will be governed by the level of the sync pulses in the incoming
signal.

As a result of the path of current flow through the AGC rectifier tube,
the voltage at the ungrounded end of R; is positive. This voltage is fed
to the grid of the triode section of the 7B6 AGC amplifier. This positive
voltage, however, is offset by an even greater positive voltage that is ob-
tained from the B+ power supply and applied to the cathode. Thus, the
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effective control-grid bias for the AGC amplifier is negative, although the
value of this negative voltage varies with the voltage obtained from R, and
('1. The purpose of this arrangement is to vary the bias of the 7136 with the
strength of the incoming signal and yet maintain the overall bias negative.

A second voltage applied to the grid of the AGC amplifier is obtained
from the horizontal-deflection system. This voltage is amplified in the 7B6
and then rectified by the diode section of the same tube. It is this rectified
voltage which is finally employed as the AGC voltage to control the gain
of the RF, input IF, and first-video IF amplifiers.

When the signal level inereases, the AGC rectifier develops more voltage
across ('y and R;. This means more positive voltage for the AGC amplifier
(7B6) and a greater output from this tube because of the increased gain.
The horizontal-deflection voltage fed into the tube remains constant at all
times and a more positive bias for the tube will produce a greater output.
This means that more rectified AGC voltage is fed to the controlled stages.
However, since the final AGC voltage is negative, the gain of the controlled
stages decreases, counteracting the increased video signal and reducing the
output to the normal level.

When the signal level decreases, less positive voltage appears across C,
and R; and the AGC amplifier bias becomes correspondingly more nega-
tive. Less gain in this tube provides less voltage at its output, and the nega-
tive AGC voltage decreases. As a result, the gain of the controlled stages
rises, and the signal level is again brought back to the normal level.

Whereas in the previous AGC system, the output of C; and R, was used
as the controlling AGC voltage, here it is used to control the bias of the
AGC amplifier. The final product of both systems is the same, but this
arrangement is more sensitive to carrier changes because of the addition
of the amplifier. A divider network at the output of the diode section of
the 7B6 feeds less AGC voltage to the RF amplifier than to the IF stages.
The potentiometer in the AGC system permits it to be adjusted for desired
sensitivity.

Average AGC Systems. Average AGC systems employed in television
receivers operate in exactly the same manner as the conventional AVC
system illustrated in Fig. 6-11, that is, one diode functions as the video sec-
ond detector and AGC rectifier, providing both voltages at its output. A
typical eircuit is shown in Fig. 6-18. Ty, the diode section of a 5AS8 tube, is
connected as a series detector. If we remove Rs, (s, then the cireuit is
a conventional video detector possessing a low-pass filter network and peak-
ing coils. The voltage that appears across R, is composed of the rectified
video signal plus a d-c¢ component which is an average voltage governed by
the strength of the incoming signal and its picture content. The video seg-
ment is transferred to the video amplifier that follows the detector; the d-c¢
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Fia. 6-18. Cireuit diagram of a tvpieal AGC sy=tem.

component is passed through the low-pass filter of Ra, C'» and applied to the
control grids of the first- and second-video IF amplifiers to control the gain
of these stages.

K., Oy serve several purposes. First, they prevent any video signal from
entering the AGC line. Second, by their relatively long-time constant (here
0.33 seconds), they act to smooth out any sudden noise pulses that may be
received. In this way, the AGC system responds only to the slow changes
in signal level and not at all to momentary noeise pulses.

The system is extremely simple in operation and the most economical
of all the AGC systems in use. It does, however, suffer from several dis-
advantages. The amount of AGC voltage which it develops is quite small
beeause of the relatively low level of the signal at the video deteetor. This
small amount of voltage makes it difficult to control remote cutoff video IF
tubes, the 6326, for example. (In strong-signal areas, remote cutoff tubes
are required in the video IF system to prevent overloading,)

A second disadvantage is the fact that the d-c voltage, shown across R,
of Fig. 6-18, depends not only on the signal strength (which is desirable),
but also on the picture content (which is undesirable). To illustrate the
latter point, consider two identical signals, both possessing the same video
detail but differing in background brightness, These signals are shown in
Fig. 6-19. Note that the darker signal in Fig. 6-19(A) has the video detail

DARK SIGNAL BRIGHT _SIGNAL

ey

TME ——p

SAME CAMERA SIGNAL AS
WITH ADDED D.C. COMPONEI

[ ADDED DC. COMPONENT @
AVERAGE OF CAMERA SIGNAL

C. COMPONENT OF SIGNAL ()

BLACK LEVEL
“FIXED REFERENCE*

CURRENT OR VOLTAGE

Fig. 6-19. Two video signals containing the same detail (a-¢ component) but differ-
ent background brightness (d-c¢ component).
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closer to the peaks of the sync pulses; consequently this signal will develop
a greater negative d-c voltage across R, than the higher signal shown in
Fig. 6-19(B). A larger d-c voltage across Iy means less gain in the video IF
system. Hence darker scenes will come through cven darker, and lighter
scenes even lighter.

In the average AGC system, there is no way to avoid this difficulty and
this is one of its major drawbacks. In a strong-signal arca, the lighter
scenes may readily lead to set overloading. However, the system is execeed-
ingly cconomical and this is the major reason why it is employed.

Sometimes an effort is made in average AGC systems to reduce the de-
pendency of the control voltage on changes in scene brightness by the ar-
rangement shown in Fig. 6-20. llere, part of the AGC voltage is obtained
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Fie. 6-20. The AGC voltage in this circuit is obtained by combining the average
d-c voltage from the detector and the peak voltage developed across (' by V.

from the video detector by averaging, and part of it from the grid of the sync
separator, 1. Composite video with syne positive polarity is fed from the
video amplifier to V;, where the grid and cathode function as a peak diode
detector which conducets only when the syne pulses are active. The current
that flows in the grid cireuit of V, charges €y negatively to approximately
the peak value of the syne pulses. Because of the fairly long-time constant
of the grid network, €y does not appreciably discharge bhetween pulses.
Hence current flows in 17y only at the synec-pulse tips, because only then
is the signal voltage strong enough to overcome the negative voltage of (7).

The voltage from C, is combined with the average d-c voltage developed
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hy the video detector, filtered by Ry, Cy, and fed to the IF and RF stages.
The presence of this peak-dependent voltage tends to make the overall
AGC voltage less sensitive to changes in seene brightness than an AGC
voltage totally obtained by averaging,

A number of receivers combine a “local-distant” switeh with the AGC
svstem to provide a degree of flexibility under varying signal conditions.
The function of the switeh is to have the full AGC voltage in use when the
incoming signal is strong (that is, “local” conditions), and to reduce the
control voltage when the reeeived signal is weak (that is, “distant” condi-
tions). There are a number of ways to achieve this flexibility, but the method
shown in Fig. 6-21 is fairly typical.
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Fi. 6-21. An AGC system in which the control voltage can be varied to suit local
reception conditions,

The AGC voltage is developed by a germanium diode (together with de-
teetion of the video signal) and fed via two L5-megohm resistors to the
first and sccond IF amplifiers and the REF amplifier. A 3-position rotary
sclector switeh is conneeted with this eireuit so that it can alter the AGC-
voltage distribution. When the switeh is in the “local” position, all the con-
trolled stages (IF and RF) reeeive the full AGC voltage. When the switch
is in the “suburban” position, where the received signal is somewhat weaker,
the AGC line to the RF amplifier is grounded. The two IF stages, however,
still receive the full AGC voltage. Finally, in the “fringe” position, both IF
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amplifiers have their AGC voltage cut in half. The AGC voltage to the RF
amplifier remains at zero.

By the foregoing arrangement, the AGC voltage can be regulated
according to the strength of the incoming signal. This method of control can
be applied also to the peak AGC system.

Keyed AGC Systems. Keyed AGC systems represent still another
approach to the problem of adequate control of the gain of a receiver. Al-
though of fairly recent origin, they are already widely used.

If we examine the AGC filter network in any of the cireuits discussed
thus far, it will be seen that fairly high-valued resistors and capacitors are
used. This means that the capacitors charge up and discharge slowly.
High-valued resistors and capacitors are required not only because they
must smooth, or filter, out a 15,750-cycle ripple arising from the horizontal
pulses which actuates the circuit, but because they must also smooth out a
60-cycle ripple produced by the vertical pulses. If the 60-cycle fluctuation
1s not removed, the bias on all controlled tubes will rise during the vertical
syne interval and act to depress these pulses.

For slow changes in signal strength, these filter network arrangements
are satisfactory. But what happens when a very fast change in signal level
occurs? If such changes do not oceur frequently, they will have very little
noticeable effect on the AGC bias. But if the changes occur rapidly and
continuously (or frequently), they will affect the bias and, through this, the
picture. Thus, for example, when an airplane passes overhead, the picture
intensity will rise and fall (flutter). Again, if the noise level is high, the
preceding AGC systems will react to large noise pulses by developing more
bias than they will if they respond solely to the signal. The result will be
less amplification for the signal. If the signal itself is quite weak, this de-
creased amplification may cause it to be lost altogether.

Both of these disturbances adversely affect the television image. In fringe
arcas, the weak signal and the surrounding noise are the most important
considerations; in areas near airports, airplane flutter is important. Before
we deseribe how a keyed AGC system overcomes both these annoyances,
let us briefly determine the reason for airplane flutter.

Picture flutter occurs whenever an airplane passes overhead or near-by.
The picture intensity rises and falls, becoming light and dark in turn at a
fairly rapid rate. This effect might last from 15 to 30 sec, depending upon
how long it takes the airplane to pass.

The intensity pulsation is caused by the airplane acting as a reflector.
Some of the television signals striking the metallic surface of the airplane
bounce off and reach the television antenna. If these reflected television
signals arrive in phase with the normal signal that the set antenna receives,
they will add to the desired signal and strengthen it. If the reflected sig-
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nal arrives out of phase with the normal sigral, the strength of the normal
signal will be reduced. Since this rapid increase and decrease in strength of
the reeeived signal eannot be eounteracted by the usual slow-acting AGC
filter, the picture on the sereen will vary in intensity, producing the afore-
mentioned flutter.

A keyed AGC system is able to overcome this flutter because of two
facts: first, the AGC system is receptive to incoming signals only at certain
specific times; second, the resistance and capacitances comprising the AGC
filter are lower in value than the corresponding components in conven-
tional AGC systems. Therefore a keyed AGC network can react instantly
to a fairly rapid signal fluctuation, such as that produced by airplanes, and
can change the AGC bias fast enough to counteract this signal change.

A simplified illustration of a keyed AGC system is shown in Fig. 6-22
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Fic. 6-22. A simplified diagram of the components of keyed AGC systems.

A 6AUS6 pentode is so connected that a portion of the detected video signal
is applied to its control grid. The signal is in the negative pieture phase,
which means that the syne pulses are most positive. The plate of the 6AUG
is connected to a winding on the horizontal-output transformer and receives
from this transformer a positive pulse of voltage at the end of cach hori-
zontal line.

Now, the 6AUS6 is so biased that it will not conduct unless the grid and
plate are simultaneously active. If just one of these voltages is present, the
6A UG does not ordinarily conduct.

The pulses applied to the grid are the horizontal-syne pulses. When these
pulses arrive, the electron beam traveling across the face of the picture tube
is about to start its retrace. At the moment it begins, a large pulse of voltage
is developed in the horizontal-output transformer and a portion of this pulse
is fed to the plate of the 6AUG. With both positive pulses of voltage present,
the 6AT6 AGC tube is keyed into conduction and the AGC bias is estab-
lished.
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Note the foregoing sequence of events carefully because they contain the
key to the operation of this system. Positive pulses must be present at
hoth control grid and plate of the 6ATU6 in order for the tube to pass enr-
rent and establish the proper AGC bias. The plate receives no positive
voltage other than that furnished by the horizontal-output transformer.

Since the 6AT6 conducts only when the syne pulses are active at its grid
and inactive throughout the remainder of the video signal, it is evident that
the AGC tube and consequently the AGC network is responsive to un-
desirable noise pulses for only a very short time. Actually, the syne pulses
occupy but 5 per cent of the composite video signal, and therefore only 5 per
cent of the total noise can be effective.

Contrast this with AGC systems other than the keyed type. While
they are supposed to be unresponsive to all but the syne-pulse tips, this is
true only if the amplitude of the syne pulses is greater than any of the noise
pulses present. Any noise signal possessing a greater amplitude than the
syne pulses will cause current to flow in the AGC tube and consequently
will develop a greater negative biasing voltage in the AGC network than
that obtained from the sync pulses. Until this greater negative voltage
diminishes and the normal syne pulses again resume control, the gain of
the set will be down,

When the 6ATU6 conducts, current flows from the tube cathode to plate,
then through R and R. to ground, and finally back to the cathode of the
6AUG. 'y is charged to the voltage developed across Rs. The values chosen
for the R., 'y combination are designed to remove the 15,750-cycle rip-
ple of the plate-current pulses. No provision need be made to filter out a
60-cycle ripple since none exists in this AGC system. It is the use of small
R, C values that largely accounts for the ability of a keyed AGC system to
act fast in overcoming airplane flutter.

Before we progress further, there is probably one question which will
occur to many readers: Why do the other AGC networks develop a 60-cycle
ripple, while the keyed AGC networks do not? To understand why, refer to
Fig. 1-19 (Chapter 1) where horizontal-syne pulses and vertical-syne pulses
are shown. Note that the duration of a horizontal-syne pulse is much shorter
than the duration of the vertieal-syne pulse. In the conventional AGC
system, this inequality in pulse duration results in a larger charge being
developed across the AGC eapacitors by the vertical-syne pulses. Hence,
every Y, see, more current will flow through the AGC tube because of the
greater width of the vertical-syne pulses. As a result, the AGC biasing volt-
age will have a 60-cycle ripple in addition to the 15,750-cycle variation
caused by the horizontal-syne pulses themselves.

In the keyed AGC system, the 6AUG6 is “fired” by a combination of a
positive plate pulse and a positive grid pulse, The plate pulse, however, is
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constant in duration sinee it is obtained from the horizontal-output trans-
former where the pulses do not change. Hence, whether the grid pulse is a
horizontal-sync pulse or a vertical-syne pulse, the 6ATU6 conducts for the
same length of time. It is because of this behavior that only a 15,750-cycle
ripple is present and needs to be filtered in keyed AGC systems.

In applying the syne pulses to the grid of the 6ATU6 tube, care must be
taken to sce that they are all aligned to the same level. This alignment is
neeessary because the amount of current flowing through the AGC tube is
determined in large measure by the amplitude of the syne pulses. As these
vary, so will the current and, with this, the AGC bias will be developed
across R, C; and fed to the controlled tubes. Henee, it is important that the
video signal contain its d-¢ component, for when the d-¢ component is re-
moved, the syne pulses of the same signal are no longer aligned. To feed the
latter type of signal to the AGC tube would result in a variation in bias with
picture background and would not provide true reproduction of the original
signal.

Commercial application of the keyed AGC system is shown by the circuit
of Fig. 6-23. The video signal developed at the second detector has a com-
plete d-c path to the grid of the video-amplifier tube and therefore the d-c
component is present in the video signal. Hence this requirement is satis-
fied.

Second, inspection of the diagram reveals that the video signal which is
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Fie. 6-23. A commercial application of the keyed AGC system.
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applied to the 6ATU6 AGC tube is obtained from the plate circuit of the
12BY7A video amplifier. At this point the sync pulses are positive. (This
would have to be true, of course, since the signal from here is fed directly
to the cathode of the cathode-ray tube.) A decoupling network consisting of
a 3,300-ohm resistor, a 1,800-ohm resistor, and a 47,000-ohin resistor directs
part of the video signal to the 6ATU6 AGC tube. The decoupling network is
designed to minimize the shunting effect of tlie 6AU6 on the video-amplifier
network. This is required to uphold the video response of the amplifier-
coupling network.

The cathode of the AGC tube is connected directly to the 140 volts B+
point. This is necessary because of the high positive potential present on
the control grid of the 6AU6. Actually, with the AGC tube in operation,
the control grid is approximately 25 volts less positive than the cathode,
and hence the tube does not conduct except when the horizontal-sync pulses
are active.

The sereen grid of the 6AU6 AGC tube has applied to it a positive
potential of 220 volts. The flyback pulse for the plate is taken from a
special winding placed over the normal horizontal width coil. (This coil
is connected across the secondary of the horizontal-output transformer.)
Whenever the AGC tube conduets, current flow is through the three 47,000-
ohm resistors and the 100,000-ohm resistor in its plate circuit. The polarity
of the voltage developed at points A and B is thus negative with respect
to ground and this is the AGC-regulating bias sent to the grids of the
controlled tubes.

Under normal conditions, the AGC voltage measured at the control grid
of any of the video IF amplifiers in this circuit will be approximately —4.5
volts. This voltage will vary slightly with signal-input and contrast con-
trol-setting. The latter control adjusts the screen grid voltage of the 12BY7A
between the limits of 65 and 140 volts. At 65 volts the video signal is cut off
completely; at 140 volts it receives its maximum amplification.

The foregoing has indicated the advantage of a keyed AGC system and
its manner of operation. There are certain disadvantages to this system, too.
First, when the horizontal sweep is not in step with the incoming signal,
the pulses at the AGC tube will be also out of step and the AGC bias
will vary rapidly. Ience it is most important that the horizontal-sync
system be stable.

Another factor which will influence the operation of this AGC network
is the timing of the horizontal-sweep pulse with respect to the incoming
sync pulses of the signal. The interval during which both must be active
is very limited, being at most 10 microseconds, and this tends to make the
operation of a keyed AGC system more critical than that of an ordinary
AGC system, However, this criticalness cannot be reduced since it is inherent
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in the operation of this circuit. Actually, to make the system less critical
the 6AU6 would have to conduct for a longer period of time, and this, in
turn, would cause the set to be more susceptible to noise pulses. Thus, a
choice must be made and the operation of the circuit, as outlined above,
provides very good results when it is functioning properly.

In place of a pentode keying tube, a triode is occasionally employed. A
pentode will provide more gain, but if the signal is first passed through the
video amplifiers, the additional gain will not be required, and a triode will
provide all the AGC voltage desired.

Diode Clampers in AGC Systems. Before we consider other keyed AGC
networks, recognition should be given to a method which varies the
AGC voltage fed to the RF amplifier differently from the AGC voltage ap-
plied to the video IF stages. The reason for this difference stems from the
need to operate the RF amplifier, under weak signal conditions, at maximum
gain until the input signal has reached a value of about 500 mv. This is
desirable in order to present as much signal to the mixer as possible since the
mixer is one of the greatest sources of noise in the receiver. With a large
input signal, the output signal-to-noise ratio will be more favorable than
it would be if the gain of the RF amplifier were less than its maximum.

Actually, what we are seeking to do is to delay the application of an
AGC voltage to the RF amplifier, at least until the input signal has attained
a level of 500 mv. Thereafter, the AGC voltage at this stage should rise
fairly rapidly to avoid any overloading. Figure 6-24 shows the desired
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Fig. 6-24. The desired variation of AGC voltage versus input signal for the con-
trolled RF and IF stages.

variation of AGC voltage versus signal for the RF and IF stages. The IF
control is initiated immediately; the RF control is first delayed and then
made to rise quite sharply.

One method of obtaining RF delay is shown in Fig. 6-25, Tube 17, is
the keyed AGC tube which operates in the same fashion as the 6AU6 of
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Fi6. 6-25. An AGC system containing a clamping diode.

Fig. 6-23. The AGC voltage which 'y develops appears across Cy, and from
this point it is distributed to the video IF and RF stages through R., Rj, Ry,
and R;. Of these components, B3 and C. are readily recognizable as a de-
coupling filter for the AGC voltage fed to the first-video IF stage. R is an
isolating resistor designed to keep the AGC variations at the RF tube
distinet from the AGC variations occurring at the video IF tubes.

Ry, R;, and diode 175 all connect to the line that goes to the RF amplifier
at point A. If, we first concentrate only on R, and Rs and disregard 1o,
then the +310 volts that are applied to one end of E; divide between R; and
R,. However, since R; is so much larger than Ry, all but 2 volts appear
across R;. Thus, point A becomes 2 volts positive with respect to ground.
If diode V2 were not present, these +2 volts would be applied to the control
grid of the RF amplifier. By connecting the plate of 1'» to point A, and the
cathode of V, to ground, the tube conducts. Plate resistance of V5 under
these conditions is low enough so that resistor R, is practically shunted by
a short circuit, and the voltage at point 4 drops to zero. Furthermore, point
A remains fairly close to zero so long as point A is positive.

While all this is happening at point A4, point B remains at whatever
negative voltage 1", develops across C,. It is the purpose of R. to provide
some isolation between points A and B. However, as the signal level rises
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and point B becomes increasingly negative, point A becomes less and less
positive until the voltage across C, is strong enough to make point 4 nega-
tive. At this moment, Vo stops conducting and the voltage at point A in-
creases in the negative direction as the generated AGC voltage rises. By
properly proportioning the resistive dividers in the RF and IF branches,
the AGC voltage at point A can be made to rise faster than the AGC voltage
reaching the video IF stages.

The important thing to remember is that when the incoming signal is
weak, the AGC negative bias is small and the potential at point ., beeause
of the presence of the clamping diode, is zero. The controlled video IF
amplifiers, under the same signal condition, have a bias close to —1 volt.
But as the signal strength inereases, so does the negative AGC bias, and
part of it overcomes the slight positive potential at point A, driving the
clamping diode into nonconduction, and raising the negative grid bias of
the RF amplifier.

After the principle of the clamping diode had been employed for some
time, it was discovered that the same clamping effect could be uchieved by
removing the diode and using the eathode and control grid of the RF
amplifier itself. When the positive voltage is applied to the RF-amplifier
control grid, grid current flows, reducing the grid-to-cathode impedance to
a low value. If the cathode is grounded, we have essentially zero-bias voltage
on the RY tube. This method can be employed because the small amount
of grid current flowing (less than 50 pa does not noticeably increase the
noise factor of the tube. This delayed AGC principle ean be applied to any
AGC system.

Sync-pulse Keyed AGC. An alternate form of keyed AGC, in which
the keying is done by the svne pulses themselves, has been developed for ¢
special tube, the 6BUS. This tube (Fig. 6-26) is a twin pentode possessing
a common cathode, a common control grid, and a
common sereen grid. Only grid no. 3 and a plate
are established separately for each pentode seetion.

Plate current for each half of the tube is con-  —z5
trolled by either grid no. 1 (the control grid) or ~ Ne!
grid no. 3 (normally the suppressor grid). Fur-
thermore, cach pentode is designed to have a sharp
cutoff characteristic in order to effect good, clean
syne separation and to develop suitable AGC operation.

One pentode seetion serves as a noise-immune syne scparator and
clipper tube, which will be examined in a later section. The other pentode
section provides the AGC voltage, which will be discussed here.

One arrangement of the 6BU8 to develop AGC is shown in Fig. 6-27.
The cathode is grounded and a positive voltage is applied to grids no. 1

GRID
No.2

Fic. 6-26. A 6BUS twin
pentode tube.
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and 2. Grid no. 2, the screen grid, receives a positive potential of 75 volts.
Grid no. 1 receives its positive potential through a 2.7-megohm resistor and
the ensuing current flow causes almost all of the 75 volts to be dropped
across K, leaving grid no. 1 almost at zero volts. (If a large resistor, for
example Rj, is similarly positioned in the grid no. 2 circuit, the same effect
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Fic. 6-27. An AGC system utilizing the 6BUS tube.

will occur here.) A video signal, with the sync pulses negative, is then
brought to grid no. 1 by capacitor (*;. The video signal, which is obtained
from the output of the video detector, has an overall peak-to-peak ampli-
tude of about 1.5 volts. This amplitude will have little effeet on tube condue-
tion. Ilowever, if a strong noise pulse should come along, it would drive
grid no. 1 negative enough to ecut off the tube momentarily.

Grid no. 3 receives a negative d-¢ voltage through Ry, Ry, R5, and Rg.
R, is made variable to permit the d-c level at the grid to be altered to suit
local receiving conditions. A video signal with positive-going syne pulses
is also brought to grid no. 3 from the output circuit of the video amplifier.
D-c¢ coupling is employed to insure that all of the sync-pulse tips will be
aligned at the same level. (A d-c-coupling path is also provided from the
video deteetor to this amplifier.) Sinee the syne-pulse tips represent the
most positive portion of the signal, R, is adjusted so that conduction through
the tube occurs principally when the syne pulses are active. In essence, these
syne pulses turn the tube on. At all other times, the negative d-c voltage
at grid no. 3 keeps the tube cut off.

The plate of the tube receives a positive voltage through R;. This posi-
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tive voltage is also applied to the grid of the RF amplifier through Rs and
Ry. Tapping into the same network are resistors Ry and Ry, and the voltage
that appears at the junction of these two resistors is applied to the video IF
stages. This voltage is negative because R,y ties into a source of negative
voltage at its other end. Thus, in the absence of a signal, the RF amplifier
receives a slightly positive voltage and the video IF amplifiers receive a
slightly negative voltage.

When a signal appears, current flows through the tube at each horizontal
pulse. This flow of current reduces the plate voltage, which, in turn,
drives both the RF and the IF AGC voltage more negative. When the
signal level rises above 500 mv, the plate voltage has dropped enough that
even the RF AGC voltage is negative.

To sunmmarize, the signal at grid no. 1 is designed to cut off the tube
whenever a strong noise pulse appears. The signal at grid no. 3 is the keying
or pulsing signal. Thus, with these two watchdogs, very little noise voltage
reaches the AGC system.

Combination Keyed AGC. In recent receivers, a combination keyed
AGC has been employed in which the actions of the two preceding keyed
systems have been applied to the 6BUS. See Fig. 6-28. This circuit is con-
nected in practically the same fashion as the AGC circuit shown in Fig.
6-27, with the addition of strong keying pulses for the plate. These pulses,
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Fig. 6-28. A combination-keyed AGC system.
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with a peak-to-peak value of 400 or more volts, are obtained from the
horizontal-output transformer. The d-c voltage reaching the plate of the
tube from Ry and Ry is close to zero, so that in the absence of any keying
pulses very little current passes through the tube even if the voltages on
grids no. 1 and 3 are favorable to such flow. However, when a positive
triggering pulse reaches the plate through €'y, current will flow, provided
grids no. 1 and 3 permit this to happen.

Resistor K, permits the d-¢ voltage at grid no. 1 to be adjusted to the
noise conditions present at that particular location. It should be set so that
the normal signal does not cut off the tube, but noise pulses will. (The
video signal here is in the negative syne-pulse phase, similar to the cireuit
of Fig. 6-27.) Grid no. 3 is dircetly connected to the plate circuit of the
video-output amplifier, receiving a video signal from here, with the syne
pulses extending in the positive direction. With no signal being received,
the positive d-¢ voltage at grid no. 3 is some 20 volts less than the cathode.
This amount is enough to bias the tube to cutoff. When a signal is received,
the syne pulses are strong enough to permit plate current to flow if the plate
is being pulsed at the same time,

In the plate circuit, one AGC branch goes to the RF amplifier and the
other branch goes to the video TF. The video IF always receives a negative
AGC voltage, whereas the RF amplifier, due to Ry and the +145 volts,
operates at zero voltage until the incoming signal reaches a high enough
level to drive this line negative.

This combination AGC system is more noise-immune than either of the
two keyed circuits previously mentioned and because of this, is being em-
ployed widely.

QUESTIONS

1. Draw the circuit of a television diode deteetor which will produce a negative
picture-phase signal.

2. Show how the ahove circuit can he modified to produee a positive picture-
phase signal.

3. Explain the difference between positive and negative video signals, What
phase must the video signal possess when applied to the grid of the cathode-ray
tube? Why?

4. How can a video signal, which is phased positively, be converted to the nega-
tive phase? Explain your answer.

5. Besides picture phase, what other precautions must be observed in video de-
tector circuits?

6. What advantages are gained by the use of AGC in a television receiver?

7. What portion of the incoming signal is nseful in regulating the AGC voltage?
Why?

8. What three types of AGC systems have heen employed in television re-
ceivers? Which system is the most economical? Which possesses the best noise
immunity ?
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9. Deseribe briefly how the AGC svstem of Fig. 6-16 operates.

10. Draw the diagram of the most economical AGC syvstem and explain how it
funetions. What disadvantage does it have?

11. What relationship exists between the polarity of the signal at the video de-
tector output and the number of permissible video amplifiers?

12. Would vour answer remain unchanged if the signal is applied to the cathode
of the picture tube rather than to its control grid? Fxplain.

13. Why is it important to maintain a good frequeney response in the coupling
network between the video second detector and the video amplifiers?

14. Describe briefly how a keved AGC =ystem operates.

15. What advantages does a keved AGC svstem possess over the system shown
in Fig. 6-15?

16. Why is the AGC voltage to the RF amplifier frequently prevented from
varving in the same manner as the I[F AGC voltage?

17. Show how the action described in question 16 can be achieved in a cirenit.
Explain the operation of this network.

18. How do the cireuits of Figs. 6-23 and 6-27 differ in operation?

19. What funetion does the super-range finder of Fig. 6-28 serve?

20. What effect would an open eireunit in Ry of Fig. 6-28 have on the operation
of the receiver? What would be the effect if 5 shorted?




CHAPTER 7

Video Amplifiers

Introduction. Up to this point, the television signal has been received
and amplified by an RF stage, converted to another frequency by means of
a mixer, further amplified by the IF stages, and rectified by the diode
deteetor. We now have the video signal in a form that can be applied to the
picture tube. However, as shall be seen, the signal amplitude at the output
of the video sccond detector is not great enough to drive the picture tube
directly. Henee, further amplification is necessary and this is provided by
the video amplifiers.

As a first step in determining the characteristies that a video amplifier
must possess, let us look ahead to the picture tube and see what its require-
ments are. With these established, we can better determine how the video
amplifiers should meet these needs.

Video-signal Requirements of Picture Tubes. In order for a video
signal to produce a suitable image on the sereen of the picture tube, it must
possess certain attributes. First, it must contain the video information in
the same form that it had when it was originally developed at the studio.
Any change in shape or any loss of frequency will result in an alteration
in the image produced on the picture-tube sereen. This video information
requires frequencies from near 30 cycles to 4 me to produce a high-quality
picture. Sccond, the signal must possess the proper phase polarity, other-
wise it will produce a negative picture at the picture tube. Finally, the video
signal must be strong cnough to vary the intensity of the picture-tube
scanning beam sufficiently to produce a suitable range from bright to dark
light values on the sereen. Without a suitable variation, the image on the
sereen will appear washed out, beeause it lacks sufficient contrast to provide
a satisfactory image. These three requirements are basic to every picture
tube, although the extent to which they are met will frequently vary from
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receiver to receiver. In order to appreciate more fully the relative importance
of each characteristic let us examine each in more detail.

Video-signal Bandwidth. The video signal which is developed by the
second detector and then passed through one or more video amplifiers before
being applied to the picture tube contains the blanking, synchronizing, and
picture information, and has a bandwidth extending from 30 cycles to 4 me.
The synchronizing pulses are not required by the picture tube. Their func-
tion is to synchronize the vertical- and horizontal-sweep systems and at
some point before the video signal reaches the picture tube some of this
signal is diverted to the sync-separator system. The blanking and the video
information, however, are directly employed by the picture tube. The blank-
ing pulses cut off the picture-tube beam at the end of every line and every
field in order to mask the movement of the beam as it quickly swings from
the right-hand side of the sereen to the left-hand side, or from the bottom
to the top. The video information deals directly with the detail which forms
the picture. The low frequencies in the video signal produce the larger
objects in the scene, while the high frequencies in the video produce the
fine detail. It is important for a video amplifier to have a uniform response
over the entire range, otherwise either or both ends of the video spectrum will
suffer. We shall learn in our subsequent study of video-amplifier circuits
what precautions are taken to insure that the response does not fall off too
soon at either the high or the low ends. We shall see also why certain
manufacturers purposely restrict the video bandwidth, particularly at the
high end, because of cconomy or because of the small size of the picture-
tube screen itself.

It will be appreciated that the demands on a video amplifier for a uni-
form bandwidth of from approximately 30 eycles to 4 me are unusually
severe, particularly in comparison with any high-fidelity audio amplifier
where the response is uniform for only some 20,000 to 30,000 eycles. Obvi-
ously, the conventional resistance-capacitance-coupled amplifier is not suit-
able for video signals. Before it can be suitable, modification is necessary.

Video-signal Polarity. 1t was previously noted that the video signal must
possess a certain polarity when applied to the picture tube, otherwise a
reverse, or negative, image will be produced on the screen. See Fig. 7-1.
Several lines of a typieal video signal are shown in Fig. 7-2. The signal is
drawn with the black level most negative. Whether it possesses this par-
ticular polarity at the output of the video sceond detector depends on the
deteetor circuit. This we have already scen. When the video signal reaches
the cathode-ray tube with this polarity, it must be applied to the control
grid. The black level will serve to cut off the beam while the video varia-
tions, being relatively more positive, vermit electrons to pass the control
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Courtesy Sylvania Electric

Fig. 7-1. A negative picture.

grid and reach the sereen. The brightest portion of the video signal will be
produced by the most positive voltages in this signal. These represent the
highlights in the image.

It is also permissible to apply the video signal to the cathode of the
picture tube and, in this case, it is necessary that the video-signal polarity
be reversed 180 deg; that is, the sync pulses will be most positive and the
video-signal variations relatively more negative. The bias between the
grid and the cathode of a tube depends on the voltage between these two
clements. If we wish to increase the number of eleetrons which pass the
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Fic. 7-2. Several lines of a typical video signal.
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grid, then the grid must be made more positive than the cathode; or, looking
at it another way, the cathode must be made more negative than the grid.
Consequently, if we apply a video signal to the cathode, holding the grid at
some fixed bias voltage, any signal variation which makes the eathode more
negative will cause more electrons to travel through the tube. In the present
case, we want the video signal to produce more cleetrons than the blanking
pulses. Consequently, we will have the video signal drive the eathode more
negative than the blanking pulses.

The video signal, at the output of the video second deteetor, may possess
cither a positive or a negative picture phase. This means that the syne
pulses may be cither relatively negative or relatively positive with respeet
to the video variations. The signal is then passed through one or more
amplifiers before being applied to the picture tube. Fach time the signal
passes through an amplifier, its phase is reversed by 180 deg.

To show that this reversal oceurs, consider the simple amplifier eircuit
shown in Fig. 7-3. A sine-wave signal is applied to the control grid and the

It
N
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Ry

Fic. 7-3. A simple amplifier circuit.

amplified version is obtained at the plate. Assume, now, that the positive
half of the sine wave is active at this moment. This positive-going voltage
will drive the control grid more positive, inereasing the flow of current
through the tube, which, in turn, will produce a greater voltage drop across
the load resistor K3, making the top end of Ry relatively more negative
than the bottom end. Thus, this positive increase in grid voltage has pro-
duced a negative inerease in output voltage. By the same token, for the
negative half of the input signal, the grid becomes relatively more negative
than it was, and this tends to reduce the flow of current through the tube.
The reduced current produces a lower voltage drop across Rj, enabling the
potential at the top of I3 to become more positive. Again, we see that a
180-deg phase reversal has oceurred.

The vacuum tube in the illustration is a triode. The same behavior,
however, occurs with pentodes. The phase reversal holds so long as the
input signal is applied to the grid and the output signal is obtained from
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the plate. A phase reversal does not occur if the input signal is fed to the
cathode and the output signal is obtained from the plate. The latter is
known as a “grounded-grid amplifier.”” No phase reversal occurs in cathode
followers either, where the signal enters the stage at the control grid and
leaves at the cathode. However, the latter two circuits are seldom employed
in the video section of a television receiver.,

Between the video second detector and the picture tube, d-¢ amplifiers
are also employed, and these operate on the signal in the same manner
that a resistance-capacitance coupled amplifier operates, that is, a signal
applied to the grid appears at the plate inverted 180 deg. It may be instruc-
tive to follow a signal through a 2-stage d-c-coupled video amplifier to sce
what happens at the grid and plate of each tube. For this discussion the
circuit shown in Fig. 7-4 will be used. Note the direct coupling between the

Fic, 7-4.

plate of one tube and the control grid of the next without intervening
coupling capacitors. The circuit consists solely of tubes and resistors.

L.et us assume that a sine-wave signal having a peak amplitude of 1 volt
is apphied to the control grid of 17,. This wave is shown at the left of the
illustration and can be seen to vary from —1 volt to zero at its positive
peak and from —1 volt to —2 volts at its negative peak. The average voltage
is —1 volt, and it is at about this level that the sine-wave variations take
place. The —1 volt represents a d-¢ bias. For this bias, 2 ma of current
flow through the tube and through R,, producing a drop of 10 volts across
the resistor. Since the bottom end of R. connects to a point which has a d-¢
potential of 150 volts, the top end of K. will have a potential of 140 volts.
These 10 volts across Ro act as a 10-volt bias on V. Furthermore, since the
top end of R. is less positive than the bottom end, the control grid of V,
is more negative than its cathode. Thus, V' has the necessary bias for its
purpose.

Now let us see what happens when the 1-volt peak-to-peak sine-wave
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signal is applied to the control grid of 17y, If we assume that initially the
signal goes positive, then the bias between the control grid and cathode of
1"y will decrease, increasing the current flow through the tube. This increase
will raise the voltage dropped across R.. If we assume that the current
increases to 4 ma, then 20 volts will be dropped across R. and the control
grid of 1”2 will now receive 130 volts in place of the previous 140 volts. Since
the cathode of 1'» is kept at a constant 150 volts, the total bias between
control grid and cathode is now —20 volts. This represents a 10-volt change
from the previous condition.

By the same token, when the signal at the control grid of 1"y becomes
more negative, perhaps to —2 volts, the plate current decreases. If we assume
a 2-ma decrease in current for this voltage, then at the negative peak of the
input signal the plate current through 1"y will drop to zero. This drop will
produce no voltage drop across R» and bring the full 150 volts to the control
grid of V.. The bias on this tube is now zero. Thus, a 1-volt peak variation
at the control grid of 17y produces a 10-volt peak variation at the control
grid of 1"». The stage has provided an amplification factor of 10.

[f we follow the signal through one more stage, we can sce what varia-
tions oceur across the output load resistor K,. When the control grid voltage
on 1’y is 140 volts, let us assume 15 ma of current will flow through 1,
producing a voltage drop of 150 volts across R,. This voltage, subtracted
from the power-supply voltage of 300 volts, leaves 150 volts at the plate
of Vo, When the control grid of 1" is driven more negative, the current
through Vs decrcases, reducing the voltage drop across R, and raising the
plate voltage. In our example, we are assuming that, at this time, the current.
through 1’y deereases to 10 ma and that this current, flowing through R,
produces a 100-volt drop. This voltage, subtracted from 300, leaves 200
volts at the plate of V.

By the same token, when the grid of ¥y is driven more positive, the
increased plate current will produce a greater drop across R, and lower
the plate voltage of 1. In this example, we assume that the plate current
will increase to 20 ma and produce a 200-volt drop across K. These 200 volts
subtracted from the 300 volts of the power supply leaves 100 volts at the
plate of Vo,

For the entire amplifier, a 1-volt peak variation at the input of V',
produces a 10-volt peak variation at the input of 1°s, which, in turn, produces
a 50-volt peak variation at the output of I's. Furthermore, whenever the
grid of 1"y goes positive, the grid of 1'» goes negative, and the plate of 1,
goes positive. Thus, passage of the signal through a tube causes its polarity
to he reversed by 180 deg.

In the video section of television receivers, d-c¢ amplifiers are employed
because they possess certain advantages. There is an economic advantage
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hecause no coupling capacitors are required. Second, such amplifiers permit
the d-c component of the video signal to remain, which helps in the subse-
quent presentation of the image. More will be said on this point later. Note,
however, that when we employ a 2-stage d-c¢ amplifier, the power-supply
voltage must become inereasingly large as we move through the system
beeause of the direct connection between the plate of one tube and the grid
of the next. For example, since the plate of 17y direetly connects to the grid of
’», we must return the cathode of Vy to a point in the power supply where
it will receive a higher voltage than its control grid, in order to present
this tube with an overall negative grid bias. By the same token, if we
directly connect the plate of V', to the control grid of a following stage, then
the cathode of this following tube will have to be placed at an even higher
voltage in order to again maintain the proper bias between control grid and
cathode. This is one of the difficultics of using d-e¢ amplifiers in cascade;
generally, when a d-c amplifier is employed, there is only one stage.
Video-signal Amplitude. The amplitude of the signal which is applied
to the picture tube governs the contrast of the image which appears on the
sereen. To gain a better appreeiation of this dependence, consider the typical
transfer-characteristic curve shown in Fig. 7-5. This curve shows the rela-
tionship between the control-grid voltage and the intensity of any spot pro-
duced on the sereen by the clectron beam. For example, if the control-grid
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Fi6. 7-5. A typical curve of a picture-tube transfer characteristie.
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voltage is —50 volts (with respeet to the eathode), the beam is completely
cut off and nothing is scen on the sereen. This is the condition when the
sereen is black. If we lower the grid voltage to —20 volts, the sereen illumi-
nation produced can be determined in the following manner. Start at the
—20-volt point on the horizontal axis and draw a straight line vertically
until the curve is reached. Then draw to the right. A line so drawn will fall
within the area marked “gray.” If we continue to reduce the control-grid
voltage, perhaps to —10 volts, then, according to the above procedure we
see that the sereen will become brighter.

It is the purpose of the incoming video signal to vary the control-grid
bias of the picture tube so that the desired variation of screen brightness is
produced. The first step is to establish the proper operating bias for the
pieture tube. Let us say that without any incoming signal, this bias is
adjusted to 25 volts. See Fig. 7-6. The video signal is now applied and it
will distribute itself about the operating point so that as much signal area
appears on one side of the point as on the other. This distribution is also
indicated in Fig. 7-6. Actually, the operating bias is adjusted so that the
blanking voltage just reaches the cutoff level of the beam. If we examine
the video-signal variations and the brightnesses which they produce on the
screen, we see that maximum white is produced on the sereen for the video
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Fig. 7-6. The cffect of a video signal at the control grid of a picture tube.
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signal which extends farthest to the right. For that portion of the video sig-
nal which does not extend quite as far, less sereen illumination is produced
and the signal falls, perhaps within the gray areas. Finally, whenever the
blanking pulses appear, the voltage on the tube reaches the —50 volt cutoff
point and the screen goes black.

If a smaller video signal is received, the situation shown in Fig. 7-7
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Fic. 7-7. The effect of a small video signal at the control grid of a picture tube.

prevails. First, the d-c bias on the tube would be adjusted as before, until
the blanking level of the incoming signal plus the d-¢ bias voltage reaches the
cutoff point. Once this is done, the signal variation to the right of the cutoff
point will produce varying levels of illumination on the screen. In this case
it is interesting to note that, sinee this video signal has a smaller peak-to-
peak variation than the preceding signal, we shall not obtain the range of
sereen illumination that we did with the preceding signal. The present signal
extends from cutoff to a point less than halfway between maximum white and
gray. The result, in the picture, is that there is less contrast between the
dark and light areas. If the video-signal amplitude is further reduced, we
shall eventually have a washed-out picture.




189

Conversely, if too strong a signal is applied to the picture tube, and the
d-c Dbias is adjusted so that the blanking voltage just cuts off the beam,
then for a considerable range of the video-signal variation, the sereen illumi-
nation will not vary muech. This condition will occur for the most positive
values of the video signal and tend to wash out some of the detail because of
the inability of the clectron beam to produce a suitable change in screen-
brightness variation for a corresponding variation in video signal. For best
operation of the picture tube, the applied video signal should be restricted
so that it varies the bias on the picture tube from approximately —5 volts
to —50 volts. Any greater signal variation does not produce as pleasing a
picture and anything less does not provide the best range of contrast.

Two controls in the video system help the viewer produce the best-
appearing picture. One is the contrast control which regulates the peak-to-
peak amplitude of the video signal reaching the picture tube. The other is the
brightness control whieh establishes the d-c¢ bias for the tube. If the bright-
ness control is set so that the control-grid voltage applied to the picture
tube is not sufficiently negative, then we are really shifting the operating
point of the tube to the right. Sce Figs. 7-6 and 7-7. This shifting will pro-
duce an image with insufficient contrast beeause the background illumina-
tion will tend to be too light. If we make the control-grid bias too negative,
then much of the signal will be lost in the eutoff region and the overall
appearance of the image will be darker than normal. The proper setting
for the brightness control is at that point where the image possesses its
most pleasing contrast.

Screen Size and Video-signal Detail. It may not be immediately ap-
parent, but the size of the screen on
which an image is placed will also gov-
ern how much fine detail the image
should possess. While it is true that 525
lines can be placed on a 5-inch screen as
well as on a 23-inch sereen, the amount
of detail necessary for the smaller tube is
not as great as for the larger screen. The
reason stems from the resolving power of
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1 minute angle
(1/60 of a degree)

Minimum Resolving Distance ———>

Fi. 7-8. The power of the human

the human eye.

The “resolving power” of the eye is
the ability of the eve to distinguish be-
tween objects that are placed elose to-
gether. As an example, consider the card,
shown in Fig. 7-8, with two narrow lines

eve to resolve or separate two ob-

jeets that are elosely =paced depends

upon the distance from the eve to

the objects. If the objects subtend a

I-min angle at the eve, they may be
seen separately.

located side by side. So long as the card is held fairly close to the eye, it is
possible for an observer to see each line separately. As the card is slowly
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moved farther and farther away, it becomes increasingly difficult to see each
line distinctly. Eventually a point is reached where the eye is just capable
of distinguishing between them. This point is the limit of the resolving power
of the eye for these two lines.

Quite obviously, the farther apart the lines are, or the wider apart they
are, the more casily they can be separated at any given viewing distance.
For the average person, it is claimed that so long as the two objects subtend
an angle of 1 min or more at the observer's eve, they can be seen as distinet
units. This angle is known as the “minimum resolving angle of the eve” and
is 1llustrated in Fig. 7-8. The reader can determine how wide a 1-min angle
is by dividing any circle into 21,600 cqual wedge-shaped parts. The angle
of any small section at the wedge end would then equal 1 min, or 14, deg.

The distance that the observer must be from the objects in order to have
the 1-min angle subtended at his eve is known as the “critical resolving
distance.” If the observer is farther away than this distance, the two objeets
merge into one. With television, it is necessary for the observer to remain
outside the eritical resolving distance. Coming closer only reveals the sepa-
rate scanning lines and this hampers the illusion of continuity.

From the foregoing line of reasoning, it would seem possible to calculate
the exact viewing distance for an object of any size. Actually, with television
images, an ohserver can approach the sereen closer than the calculated
figure and still be unable to distinguish one line from another. This is possi-
ble because the resolution of two lines, for example, depends not only on
their separation, but also on the amount of light of the lines and their
relative motion. The stronger the light, the more clearly they stand out.
Under these conditions, the eritical resolving distance increases.

On the other hand, the introduction of motion tends to make the line of
demarcation less clear-cut and the objeets blend into each other at much
smaller distances than if they were stationary. The latter condition pre-
vails for television images and hence the observer may view the sereen from
closer distances than he could if the motion was absent. In addition, be-
cause of the impossibility of obtaining perfect synchronizing action, the
positions of the lines of the picture tend to change slightly during each
scanning run, and this further obsecures any clear division between lines.

Placing the same 525 lines on a 19-in, sereen as on a 7-in. screen means
that the proper viewing distance for the larger screen is greater than that
for the smaller sereen, With the smaller sereen, the ideal viewing distance is
generally so short that the observer ordinarily never comes this close to the
sereen. Therefore many of the finer details of the picture are not seen, even
though they are present on the screen. Manufacturers take advantage of
this fact to design small-screen receivers with bandwidths less than 4 me
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By the same token, as the picture-tube sercens become larger, it becomes
mmore important to have the bandwidth wider,

Although it is possible to sacrifice some response at the high-frequency
end of the 4-me signal, the amplifier should possess a flat characteristic at
the low end. This provides uniform response to 30 eyeles. Since amplifiers do
not cut off sharply at any one frequeney, but tend rather to decrease gradu-
ally, it is necessary for a flat response at 30 eyeles to have the curve extend
downward to 10 eyeles, or even less,

To ascertain what loss of response at the low frequencies would mean,
let us examine the camera signal, for it contains the information of the
picture. A section of the signal which might be obtained from the seanning of
one line is shown in Fig. 7-9. On cither end of the line we find the blanking
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Fia. 7-9. The height of the eamera-signal variations above the reference axis repre-
sents the amount of background illumination that the line (or scene) will pos=ess, This
average value is known as the d-¢ component of the video signal.

and synehronizing pulses. These have a fixed level, always reaching the same
voltage (or current) value whenever they are inserted into the signal. The
clements of the image itself are represented by the varying voltages between
the pulses and naturally differ from one line to the next. The engineer refers
to these changing voltages as the “a-c variations of the television signal.”

In addition to the a-c variations, the synchronizing and blanking pulses
of the video signal, there is another component, referred to as the “d-¢ com-
ponent.” Examine the two video signals placed side by side in Fig. 7-9. The
blanking levels of both are of the same height and the a-¢ variations of each
signal are identical. The only difference is in the average level of the
a-c variations of Fig. 7-9(A), as compared with the average level of the a-c
portion of the signal of Fig. 7-9(B3). That of B is the greater of the two. This
average level represents the background iHumination of the scene at that
line and is the d-c¢ component of the video signal. The background illumina-
tion may vary from line to line, but this situation is unusual. Generally it
changes slowly over the entire seene, and adjacent lines will have almost
cqual d-¢ components.

When the value of the d-¢ component is high, as in Fig. 7-9(B), the peo-
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ple and objects in the seene being televised will appear against a dark back-
ground. This is true because with negative transmission every value is re-
versed. The darker the seene (or element), the greater the current. As the
scene becomes brighter, there is correspondingly less current, and the a-c
variations of the video signal move closer to the zero axis. lence, as the
d-e value is less in Fig. 7-9(A) than in Fig. 7-9(B}, the background illumi-
nation of (A) will be brighter. Neither the people nor the objects, however,
have changed. A lighted background will convey to the viewer of a television
scence the impression of daylight, sunshine, and clear weather. A darker
background, on the other hand, will give the viewer the impression of night.

At the transmitter, the d-¢ component can be inserted manually by an
operator viewing the scene from a monitor, or automatically by using the
average current derived from the viewing tube, when this is possible. If
the latter cannot be accomplished, the light from the scene is allowed to fall
onto a photoelectrie tube and the d-¢ component is derived in this manner.
Once obtained, it is inserted into the video signal, raising the a-c¢ component
to the desired level.

From the discussion of the d-¢ component, which for the present is suffi-
cient, we can see that the average illumination of a scene may change with
each frame, or 30 times a seecond. Of course, if the exact scene 1s televised
without any variations, the average illumination remains constant. Actually,
cach frame seanned at the camera has a somewhat different average value.
In order to obtain the correet shading of the image background at the re-
ceiver, it 1s necessary that all transmitting and receiving circuits be capable
of passing 30 cps without too great attenuation. Any poor response would
result in incorrect values for the background illumination and, as shown
later, left-to-right streteching or smearing of large objeets.

Phase Distortion. Frequeney response is an important consideration
in video amplifiers, but not the only one. Phase distortion, which can he
tolerated in an audio amplifier, is capable of destroyving the image on the
cathode-ray-tube sereen and must also be given careful attention when an

amplifier 1= designed. Since phase distortion is

v very seldom considered in audio amplifiers, a
B brief discussion at this point may be helpful.

360° Phase distortion 1s produced when the time

or angle relationship of electric waves to each

other changes as they pass through any clee-

Fi6. 7-10. Two waves, 45 deg tf‘i(‘al system, Ff)r a simple example, let us con-

out of phase with each other. sider the two sine waves shown in Fig. 7-10.

Curve A reaches its maximum value a short

time before curve B and curve A is said to lead curve B by a number of

degrees. The actual number depends on the manner in which these curves
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were generated. Suppose that, in this case, curve A leads curve B by 45 deg.
If, after the output of the electrical system is reached, there is still this re-
lationship between the two waves, no phase distortion has been introduced.
On the other hand, if the value of the angle is altered, the network has intro-
duced some phase distortion.

As another example, consider the wave shown in Fig. 7-11(A), which
is actually composed of a fundamental wave in combination with its third
harmonic. Sce Fig. 7-11(B). If the network has a different effect on each of
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Fic. 7-11. The eficet of phase distortion in changing the <hape of a wave. The com-

posite wave (A) can be broken down into two waves (B). 1f these two component

waves change their relative phases (C), then (D1 zhows one result. There may be
other combinations than the ones shown.

these waves, the two waves may appear as in Fig. 7-11(C), where the third
hannonic wave has changed its position with respeet to the fundamental,
that is, its phase has changed. The resultant of the latter waves now assumes
the shape given in Fig. 7-11(D), which is eertainly different from the original
form of Fig. 7-11(A).

How Phase Distortion Is Introduced. Now that the cffeet of phase
distortion in changing the shape of a wave has been illustrated, let us see
how the circuits found in video amplifiers may bring about such distortion.
A resistance-coupled amplifier is used, as it is the only type that can be
casily and economically adapted to satisfy the stringent requiremnents of
wide-band amplifiers. A typical eireuit i= shown in Fig. 7-12. We are con-
cerned here initially only with the low-frequency response of the eircuit,
which means that in Fig. 7-12, we will deal only with R, C,, and R,. C,,
representing the wiring, tube, and stray capacitances, has too low a value to
be significant and can be disregarded.
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When an alternating voltage is applied to the input of 173, an amplified
version of this voltage will appear across Ry,. It is desired to transfer this
Wiring a-c voltage to the grid of V., and this is
and tube V2 accomplished through the series combina-

| capacituncas A
2 tion, . and R,. How much of the total
] voltage of Ry, will appear across R, is de-
Re p, pendent on the opposition (or impedance)
C. presents to the a-c¢ current flowing in
this circuit. At low frequencies, the opposi-
B+

tion of the capacitor is high and a large
part of the a-e voltage is lost. Less is avail-
able for R,. This condition is responsible
for the poor low-frequeney response of re-
sistance-coupled amplifiers. Increasing the frequency will result in less volt-
age being lost across C, and more will be available for R,,.

The phase of the voltage at R, is governed by the opposition C, offers
to the a-¢ wave passing through the circuit. Consider, for example, what
the phase of the a-c current would be if only €', were present in the eircuit.
The current flowing would be 90 deg ahead of the voltage. Now, add a
resistor in series with the capacitor. The current flowing in the eircuit
hecomes less than 90 deg out of phase with the applied voltage. The voltage
drop across the resistor is in phase with the current flowing through it; henee
it would also be less than 90 deg out of phase with the applied voltage.
The situation is shown in Fig. 7-13, where E, is a little less than 90 deg out
of phase with E,,

Fii. 7-12. A resistance-coupled am-
plifier.
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Fig. 7-13. At the low frequencies £, is out of phase with K, because of the coupling
capacitor C,.

As the opposition that C. offers to the current in the eircuit becomes less
and less (say, with increasing frequeney), K, becomes more important and
the current approaches closer and closer in phase with F;. At the middle
range of frequencies, the opposition of ', may be neglected entirely and E,
is in phase with F, which is similar to any other completely resistive eireuit.

We see, then, that when voltages of many frequencies, and with no
phase difference, are applied at K, the voltages appearing across E,; have
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different phase relationships, the degree being dependent upon cach fre-
queney,

The lowest frequeney will have the greatest phase angle introduced
while it is traveling from the output of the tube to the input of the next
stage. As the frequeney rises, the phase difference becomes less, gradually
reaching zero. This behavior of a resistance-capacitance-coupled amplifier
is illustrated by the bottom curve in Fig. 7-14.
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Fig. 7-14. The frequeney and phase response of a resistance-eapacitance-coupled
amplifier.

A complex wave, which econtains many frequencies, will have its shape
altered when it passes through a resistance-capacitance-coupled amplifier
network. With a change in shape, the effect of the wave at the grid of the
picture tube must certainly be different and the resulting image is distorted
to some extent. By distortion, we mean that the image is not an exact
duplicate of the original. The amount of change introduced into the picture
detail depends on the degree of phase distortion.

In the middle range of frequencies, from 200 to 2,000 cycles, (', has no
effect on the passing waves and can be disregarded. Since only resistances
are involved, there is no phase shift introduced between the voltages at R,
and R,

At the high frequeney end of the band, the shunting capacity, C,,
beeomes important and must be considered. €, has the effeet of offering an
casy shunting path for the a-¢ voltages around R, and the voltage appearing
across this resistor decreases with inereasing frequency. Note that (C, forms a
parallel combination with R,. As the frequeney inereases, more and more
current flows through C, rather than through R, and soon the current be-
comes wholly a capacitive one. Again we sce £, and E, differing by 90 deg,
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but in this case the phase angle increases with frequency, whereas for the low
frequency action the opposite was true. However, for both cases, the result is
phase distortion. The graph in Fig. 7-14 shows how the phase angle between
input and output voltages of the resistance-capacitance-coupled network
changes with frequency.

Results of Phase Distortion. To correlate phase distortion and its effect
on the television picture, let us study the dependence of phase distortion and
time delay. It has been noted that at the low frequencies the phase angle
between input and output voltages increased to a maximum of 90 deg as the
frequency decreased. Suppose that a video signal is sent through this R-C
network containing (among others) two frequencies, say of 40 cycles and
90 cycles. From the preceding discussion, we know that the 40-cycle wave
will receive a greater phase delay than the 90-eycle wave. Assuine that the
40-cycle wave is shifted 45 deg and the 90-cycle wave, 10 deg. Obviously
the two waves will no longer have the same relationship at the output that
they had at the input, and by simple mathematies it is possible to compute
their difference.

A 40-cycle wave takes 14, sec to complete one full cycle, or 360 deg.
With Y4, sec for 360 deg, it will take %4, see for the wave to change 45 deg;
Yaao sec is approximately 0.003 sec. Thus there will be this time difference
between a maximum occurring at the input to the next tube and that oc-
curring at the output of the preceding tube. The appearance of one will lag
behind the other by 0.003 sce.

The 90-cycle wave, we know, has a 10 deg phase angle introduced into it.
One cycle, or 360 deg, of a 90-cycle wave occurs in Y% sec. Ten degrees
would require only %40 sce, or approximately 0.0003 sec. Thus the input
and output variations will differ by this time interval for the 90-cycle wave.

At the cathode-ray screen, the electron beam moves aecross a 12-in.
screen a distance of 1 in. from left to right in about 0.000,007 sec. The time
interval is extremely short and, if waves containing the 40 and 90 cycles
receive the time displacements computed above, the end result is a displace-
ment of the picture elements that they represent. In actual television prae-
tice, the background illumination is determined by the low frequencies, and
phase distortion in the video amplifiers causes a change in this shading. If,
for example, the background transmitted from the studio is perfectly white,
by the time it appears at the receiver screen phase distortion will have
altered it. It will now vary from white to gray, or will even be black in some
parts.

Any large objects or letters in the picture are distorted, too, by poor
low-frequency response. They appear to be smeared across the image like
fresh paint. The smearing effect is derived from the action deseribed in the
last paragraph, where we learned that phase distortion and time delay are



VIDEO AMPLIFIERS 197

directly related. A slight time delay causes certain parts of the object to be
displaced from the correct position. The visible consequence of this dis-
placement is smearing. Sinee the beam moves from left to right, the extended
stretching of large objects will always be towurd the right, or in the direetion
that the beam is moving., Only large objects are affected, because they are
the only ones represented by the lower frequencies.

At the high-frequency end of the video signal, phase distortion results
in the blurring of the fine detail of the picture. The larger the size of the
cathode-ray-tube screen, the more evident this defeet. This is another reason
why the larger sets require more careful design and construction. Phase
distortion can be eliminated if the phase difference between the input and
output voltages is zero, or if a proportional amount of delay is introdueed
for cach frequency. Thus, a phase delay of 45 deg at 60 cycles is equivalent
to a 90 deg delay at 120 cycles, ete. The first introduces a delay of approxi-
mately 0.002 see, similar to 90 deg at 120 cycles. The net result is that all the
pieture elements ave shifted the same amount, and correetion is attained by
positioning the pieture. Phase shifts introduced by the electrical constants of
one stage are to be added to those of any other stage. The total phase delay
of a system is equal to the sum of all the individual phase delays.

Video-amplifier Design. The preceding paragraphs have indieated the
requirements necessary for high-fidelity transmission and reception of tele-
vision images. The methods whereby these requirements are met in practice
represent an important consideration in television today.

The type of amplifier that can be used to give the necessary 4-me band-
width is restricted, almost without exception, to resistance-capacitance-
coupled networks. Transformers and inductances, even when they are built
with a 4-me width, involve a disproportionate expense. On the other hand,
R-C' amplifiers have the advantage of small space and economy, and are
universally employed.

From knowledge of conventional resistance-coupled amplifiers that the
reader possesses he knows that a flat response is obtained in the middle
range of frequencies (say from 200 eyeles up to approximately 2,000 cyceles),
with ordinary ecircuits. A frequency-response curve is illustrated in Fig. 7-14
and applies to any conventional B-C amplifier. As we are also interested in
phase response, this, too, is indicated in Fig. 7-14. The frequency and phase
characteristics of the amplifier, throughout the middle range, are suitable
for use in video amplifiers, and this section of the curve requires no further
improvement. However, the responses at either end of the curve are far from
satisfactory and corrective measures must be taken. Fortunately, any
changes made in the circuit to improve the high- or low-frequeney responses
of the curve will generally not react on each other (with one Hmitation noted
later), and each end can be analyzed separately and independently. IHow-
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ever, before we see what can be done to extend the high- and low-frequency
ends of the response curve, let us derive the gain cquation for amplifiers.

Amplifier Gain. The gain of an amplifier, and by this we mean voltage
gain, is the ratio of the output signal to the input signal. We particularly
stress voltage gain beecause it is also possible to obtain power gain in an
aniplifier; however, in most vacuum-tube applications, voltage gain is the
figure of merit, and this is the value to be considered here.

The gain of a stage is dependent upon the p or amplification factor of
the tube as well as the value of the load which is employed in the plate or
output circuit. The p value is governed largely by the tube construction
as well as the operating voltages applied to the various elements, particu-
larly the sereen grid and plate. The output load of an amplifier is much
more than simply the resistance or impedance which may be found directly
connected to the plate. It also includes the impedance of any circuit to
which the plate may be connected. In most instances, this impedance in-
cludes the control-grid-input circuit of the following stage.

In order to appreciate better the roles which the two foregoing factors
play in determining the gain of an amplifier, it is desirable to analyze the
amplifier circuit by means of an equivalent diagram. The purpose of an
equivalent diagram is to provide a circuit which contains only those com-
ponents essential to the operation of the amplifier insofar as the signal is
concerned. It is important that the latter distinetion be carefully noted,
because equivalent circuits do not possess d-c¢ voltages, it being assumed
that the proper voltages are applied and the tube is operating in the desired
manner. Generally, this means that the stage operates as a linear amplifier.

Figure 7-15(A) contains the diagram of a triode amplifier in its simplest
form, with the input signal applied between grid and cathode, while the
output signal appears across Z,. Grid bias is established by a battery in-

I—o
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€our

|

(A) (B)

Fig. 7-15. (A) A triode amplifier and (13) its equivalent eircuit.
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serted between the eathode and the grid. Plate voltage is obtained from a
power supply which applies B+ to the bottom end of Z,, while the negative
side of the supply conneets to ground and the cathode.

In any amplifier, such as the one shown in Fig. 7-15(A), a small a-c
voltage inserted between grid and cathode will develop a muel larger voltage
across the output-load impedanee. In an equivalent diagram, Fig. 7-15(B),
we ecan represent this amplifying action of the tube by a generator produeing
a voltage of pe,. In this equation, p is the amplification factor of the tube
and e, is the input a-c voltage.

The pe, generator is placed in series with the plate resistance of the tube
(Rp) and the output-load impedance, Z;. The plate resistance must be in-
cluded beeause we know such a resistance exists and when current flows
through the tube, a certain voltage drop is developed across the resistance,
1.e., across the tube.

The circuit of Fig. 7-15(B) thus becomes the equivalent circuit of the
amplifier in Fig. 7-15(A). Note that capacitors Cy and C» do not appear in
the equivalent circuit because their purpose is simply to provide a low-
impedance path for signal current flowing around the bias battery in one
case and the power supply in the other. Since it is not their purpose to
impede the flow of current, and since their a-¢ impedance is, or should be,
negligible, they need not be shown in the equivalent diagram. Also, we can
disregard completely the grid circuit of the tube beecause the signal voltage
here 1s multiplied by the p of the tube and is represented by the generator,
pey. Furthermore, there is ordinarily no current flow in the grid circuit and
this, too, 1s a good reason why the grid circuit itself is not shown separately
in the equivalent diagram. Thus, all we have left is the small generator pe,,
the plate-load resistance, and the tube internal resistance. We know that
Z;, and R, must be in series with each other because any current that flows
through the tube, and henee, R, must also flow through the load impedance,
Z.. Z;, 1s designated as an impedance rather than as a resistance because
resistors are not always employed as the load. To make the discussion gen-
eral, at least at the start, the load is being considered as an impedance.

To derive the equation for the gain of this amplifier, we proceed as
follows. Since this is a simple series eireuit, we ecan indicate its governing
cquation as

pne, = ip X (Rp + ZL) (])
Solving this equation for 7, we obtain
. ue,

ip = R,, + ZL (2)

The next step is to multiply the plate current, ¢, by the load impedance,
Z, to obtain the voltage developed across Z,,. This gives us
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€out = 7rpZL (3)

R
m+a7‘
The over-all gain of the amplifier, which is defined as the ratio of egu to
ey, can now be obtained.

Gain = ‘ot )

Y/ .
. R+ Z1) ¢
uZy
=R+ Z (5)

From ecquation (5), we see that the over-all gain of the amplifier will
always be less than p beeause of the fraetion that it is multiplied by:
Z./R, + Z.; unless Z;, becomes much larger with respect to R, this fraction
will always have a value which is less than 1. Ilence, the gain will always
be less than the theoretical amplification factor p of the tube that is em-
ployed. It can also be scen that in order to obtain maximum gain, the plate-
load impedance should be as high as possible. However, if this happens to he
a resistor, then, obviously, the larger this resistor, the lower the plate
voltage (for any given value of B+). With a lower plate voltage, less
signal can be handled by the tube without distortion. In a practical design,
a compromise is reached between the power-supply voltage and the value
of the plate-load resistance.

When a pentode tube is employed, we obtain the same equivalent cireuit.
However, a better appreciation of stage gain for this tube can be obtained
in the following manner. In a pentode, the plate-load resistance is exceed-
ingly high, certainly mueh higher than it is in a triode. Under these condi-
tions, R, completely swamps Z;, in the denominator of equation (5) and the
result is

Gain = (6)

We see that g is multiplied by the ratio of load impedance to plate resistance
of the tube. Now, x and R, are values determined by the tube which is being
employed. Furthermore, these two quantities are related to each other by
gm = /R, This relationship is true of every tube, whether it is a triode,
tetrode, or pentode. If g, is substituted for the ratio p to R, the gain equa-
tion for an amplifier is given by

Gain = g7t (M)

This equation is mueh more convenient to work with when the internal
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plate resistance of the tube is considerably greater than the load resistor.
We also see why equation (7) would not be correct for triodes unless the
same conditions hold. In recognition of the preceding relationship, tube
manuals are more likely to list g, values for pentodes than p values.

Thus, as a rough measure of the amplification of an amplifier, it is neces-
sary simply to multiply the mutual conductance of the tube in question by
the impedance or the resistance of the plate load. The reason this does not
always give an accurate value stems from the presence of other impedances
which affeet the plate circuit and which frequently have a decided effect
on the total value of impedance that the tube sees as a load. However,
the foregoing procedure can be used as a rough indication. Also, in the dis-
cussion to follow, we shall consider the platc load as being purely resistive
and use R, in place of Z;. This is permissible for video amplifiers.

The g.., or mutual conductance, of a tube is governed by the particular
tube used and the plate current flowing through the tube. The latter is
dependent upon the B+ applied to the plate. The second part of equation
(7) is the load resistance into which the tube works. To see what fully
constitutes this load, consider Fig. 7-16. Here we have the coupling network

Fic. 7-16. The complete coupling network between two amplifiers.

between the output of one amplifier and the input of the following stage.
In addition to the plate-load resistor, R;, we also see C,, the coupling ca-~
pacitor, and Rg, the grid resistor of the following tube. These three com-
ponents arc those that are ordinarily wired into the cireuit. Also present,
hut not physically wired into the circuit by the designer, is the output ca-
pacitance of the first tube, Cou, the input capacitance of the following tube,
Cin, plus two additional shunt capacities, (', and Cy. C, is the stray ca-
pacitance which exists across the circuit because of the wiring between
stages, the capacitance that R, or Rg may have with respect to the chassis,
and any capacitance that C, itself may develop with respect to the
chassis. This stray capacity, while it is seldom greater than 5 or 6 mmnf,
must be taken into account when dealing with the high frequencies which
pass through a video amplifier. Cy is a capacitance which is reflected from
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the plate of Vo to its grid circuit. We shall discuss the value of this ca-
pacitance in a moment.

Thus, what initially appeared to be a fairly simple cireuit, consisting of
two resistors and a coupling capacitance, actually turns out to be a fairly
complex network containing three additional eapacitances which are ordi-
narily not visible. These eapacitances, with the resistances, combine to make
a complex quantity, Z. As we shall see, however, not all of these components
need be considered when dealing with any specific section of the overall
video response. This fact will become evident as we consider the operation
of these amplifiers, first at the high-frequeney end, then over the mid-fre-
queney section and, finally at the low-frequeney end. Let us start with the
high-frequency response of an amplifier.

High-frequency Behavior of Video Amplifiers. When considering the
high-frequency operation of a resistance-coupled amplifier, we need not in-
clude the coupling eapacitor C,. The reason for this is that C. will generally
have a value of approximately 0.1 mf and the high-frequency end of a video-
amplifier-response curve generally falls about 1 me or above. At these fre-
quencies, ('. has negligible impedance. All we need include are the two resist-
ances, R, and Rg, plus the shunt capacitances which are present in the cir-
cuit. The high-frequeney version of the network between 1y and T'» is now
as shown in Fig. 7-17. We could, if we wish, simplify this circuit even more

'
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Fic. 7-17. The high-frequency equivalent of the interstage coupling network.

by showing only R; and omitting Rg. This simplification can be made be-
ause K is considerably higher in value than R, and the two resistances in
parallel will provide a total resistance very close to the value of R, How-
ever, for the sake of those instances when Rg may not be negligible in its
cffect on Ry, we shall retain Rg.

To determine the high-frequency gain of an amplifier with the interstage
network shown in Fig. 7-17, we must take not only R, into consideration,
but also the four shunt capacitances, Cou, Cu, Ciay, and Cy. Since all of the
capacitances arc in parallel, their total value is equal to the sum of the
separate units, that is,

CT = Cout + Cu + Cin + CM
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To evaluate Cr numerically, we must know the exaet values of each of
its four components. The values of €, and (', can be obtained from a tube
manual. A typical value of C,y is 3 mmf, and for 'y, it is 7 mmf. C, will vary
with the cireuit, but generally it falls about 6 mmf. Still remaining is the
determination of Cy. This capacitanee 1s an addition to the input eapacitance
of a tube due to the grid-to-plate eapacitance of the tube plus the presence of
a larger signal (generally) on the plate than on the grid. As a matter of fact,
the plate signal is A times larger, A being the amplification of the stage.

If we examine Fig. 7-18, we sce that €y, has applied to it, on the grid side,

AVOLTS {OUTPUT)

the incoming signal voltage. Let us assume this 1s 1 volt. On the other side of
(' yp the amplified signal is present. If the stage gain is A, then —A4 volts ap-
pears at the plate side of (. (The minus sign takes into account the phase re-
versal that oceurs in the tube.) Henee, the two voltages, so far as Cy, s con-
cerned, are series aiding, or (A + 1). Now, the grid-to-plate capacitance,
("gp. 15 In series with the normal-input capacitance of the tube, 7y, and the
charging current that flows through €, will affeet Cy,. If we keep the voltage
across Cy, constant, in this case the input signal, e,, but increase the effective
charging current, then the over-all effeet is equivalent to an increase in ca-
pacitance. This effeet ean be seen from the equation whieh governs capaeitor
charge and eapacitance,

Q=CV (8

where Q is the capacitor charge, C is the capacitance, and 17 is the voltage
across the eapacitor. If 17 is kept constant, but () inereases, then (' must be-
come larger to maintain cquation equality.

Thus, because of the presenee of €y, the input capacitance of a tube
rises above the published value of €y, which represents the eapacitanee be-
tween the control grid and eathode, heater, grid no. 2, grid no. 3, and any
internal shicld that may be employed. This additional increase is equal to

Car = Cop(1 + A) ("

where . is the stage gain, If we assume a value for €y, of 0.05 and a stage

gain of 20, then this additional capacitance is equal to
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Cx = 0.05(1 4+ 20)
1.05 mmf

Now, we can compute the value of Cy.

CT = (‘out + pa + (‘in + CM
=34+64+7+1.05
17.05 mmf

This capacitance is evidently not negligible; therefore it will certainly
affect the total plate impedance at the high-frequeney end of the video-
response curve. The plate-load re-
sistor, I, and Cy are in parallel with

Vi cach other (Fig. 7-19). Tt is useful to
% T determine at what frequency the im-
: Cr == pedance of Cr equals Ry. When this
Ru = <Rg point is reached,
= R. = Xer
Fig. 7-19. The plate-load resistor R, 1
and 'y are in parallel with each other. or Ry, = ——
Coupling capacitor €', has been omitted 22FCr
because it does not enter into high- ]
frequeney gain calculations. and F = 2xCrRRy, (10)

At this frequency (F), the total impedance in the plate circuit is 1.

V2

of its value at lower frequencies, when Xerp is so large it ean be disregarded.
. 1 . . .
The expression 75 is equal numeriecally to 0.707. In terms of decible loss,

0.707 represents a deerease of 3 db. llenee, at frequeney F the amplifier gain
is 3 db down from its gain at lower frequencies.

It is apparent from equation (10) that in order to raise frequency F,
cither Cp or Ry, must deerease in value. The curves in Fig. 7-20 demonstrate
how the bandwidth of a video amplifier is broadened by lowering the value

* This can be seen readily. Let us assume that R, and X. each have a value of
1 ohm. Then, since both are in parallel and since one is a resistor and the other is a
reactance,

N R-X.
VR + (X2

1-1

V(1) + (1)
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of the plate-load resistor. This, then, is the primary reason why low-valued
load resistors are used in video amplifiers. Unfortunately, Fig. 7-20 reveals
that lower load resistors also provide less stage gain. Hence, while this
method of inereasing the response of a stage frequeneywise is useful, it can-
not be carried too far if any useful gain from the stage is to be achieved.

High plate load resistor

Medium plate load resistor,,

Low plate load resistory

AMPLITUDE

'l I 1 1 1
100 1000 10K 100K 1000K
FREQUENCY — CYCLES
——

Fic. 7-20. By lowering the plate-load-resistor value, it is possible to increase the
extent of the flat portion of the response curve.

Shunt Peaking. A mcthod which is useful in extending the high-fre-
queney response of an amplifier is the addition of a small inductance in
series with the load resistor. The inductance is designed to neutralize the
effect of the shunting capacitances, at least to the extent that we ean improve
the amplifier response at the upper frequeneies. This method is known as
“shunt peaking.”

A circuit diagram using this eompensating inductance is shown in Fig,
7-21. The impedance of the combination of L, R, and Cr is given as

RL + (.\L - .\01)2

If the value of X¢, is made equal to R, and X, is equal to half of R,

then we find that

("”) ’: + (R}

B+ (m - %’)

g2 (’ 2 pr)

R+ X RL
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VVMVWA-

: I

(8) ACTUAL CIRCUIT

Fig. 7-21. High-frequency eompensation for an R-C amplifier.

Thus, under the conditions specified, the impedance of the plate cireuit
is the same as the impedance it possesses at mid-frequency. This is certainly
a desirable situation, since it means that the response of the circuit remains
flat up to frequency F, the frequency at which X¢, equals R;. In an uncom-
pensated amplifier, at frequency F, the response is down 3 db from its mid-
frequency value. By the addition of the inductance L, we have raised the gain
3dbatF.

The procedure for finding actual values for R, and L is as follows. First,
the highest frequency at which it was desired to have the response remain
flat would be specified. In a video amplifier, this would occur between 3 and
4 me. Then Ry, would be determined from the equation

1
R = orCy
Also, since X1, ix i) have a value equal to one-half Ry,
0.5
X, =05R, = 2 FCy
Also, since X = 2#FL,
0.5
27FL = 2xFCr
0.5
or L = 1220y (12)

and L = 0.5CrRE (13)
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The value of C7 would be caleulated from the eireuit or would be actually
measured. Typical values of R, range from 4,700 ohms to 6,800 ohms.

Figure 7-22 demonstrates the effect of toc high an inductance value for
L (curves 3 and 4) and too low a value (curve 1). A small amount of over-

14 S—
12 L

L B i i

8 e b

P s pass

{ 1 i Bl | =4

s frte =

i B e o z N

o B e i i pafie) N

} ! i eS| } ! ¥ I '

F i? f i 1 Fac?uerc;v" \

o SR2H i 0 i i £ 1 SEaE roie h | 3381
T
- R R332 8 & 8 388%& "~ G

Fic. 7-22. The effect on amplifier response of the insertion of various amounts of
peaking inductance in the plate load.

peaking may sometimes be employed to sharpen the fine detail in the pic-
ture. Too much peaking, however, will lead to ringing, a condition where
multiple lines follow the edge of an object. This is sometimes confused with
ghosts,

Series Peaking. A sccond method of improving the high-frequenecy re-
sponse iz to insert a small coil in series with the coupling eapacitor, as illus-
trated in Fig. 7-23. This mecthod gives higher gain and better phase re-
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Fic. 7-23. High-frequency compensation by means of a series peaking coil.
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sponse than shunt peaking. The improved gain of this type of coupling is
due to the fact that the components of Cr are no longer lumped together
in one unit, but are separated. On the left-hand side of the series inductance
is the output capacitance of the preceding tube, and on the other side 1s
the input capacitance of the following tube. With this separation, the load
resistor Ry, may be higher in value beeause only Cy is directly across it and
not the larger Cr. As Cy is smaller than Cr, its capacitive reactance is
greater, and it will have less of a shunting effect on R.. A larger value of Ry
is then possible, actually 50 per cent larger. Thus,

15
= 27FCr

Cr is the total capacitance shunting R,, (that is, Co + C, in Fig. 7.23).
It has been found that best results are obtained when the ratio of C; to
C, is approximately 2. The value of the series coil, L, is given as

L = 0.67CrR2 (15)

R. (14)

Series-shunt Peaking. It is further possible to combine shunt and series
peaking and obtain the advantages of both. The shunt coil is designed to
neutralize the output capacitance of the preceding tube, while the series coil
combines with the input capacitance (and stray wiring capacitance) of the
next tube. With this double combination, it is possible to achieve 1.8 times
more gain than can be derived through the use of shunt peaking alone.
Furthermore, the phase distortion of the coupling network is lower than
cither of the two preceding types. An amplifier using shunt and series peak-
ing combined is shown in Fig. 7-24. A resistor is shunted across the series
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Fic. 7-24. A video amplifier employing series-shunt peaking combined.
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coil to minimize any sharp inerease in cireuit response due to the combina-
tion of the series coil inductance and its natural or inherent capacitance.
The coil is designed to have a natural frequency considerably above the
highest video frequeney. In production, however, a certain number of coils
will be produeed with natural resonant frequencies within the range covered
by the amplifier. The effect is a sharp rise in response, similar to curve 4 in
Fig. 7-22. It is to prevent this peak from oceurring that the shunting resistor
ix used. Its value is generally 4 or 5 times the impedance of the series coil at
the highest video frequency.

For the combination eireuit, the values of L;, L, and Ry, are obtained
from the following relationships:

1.8
RL = 2‘”,’,(;‘ where C'[' = C.‘ + Co (16)
L, = .12C7R? (shunt coil)

L. = .52C¢R? (scries coil)

F is the highest frequeney at which the response remains uniform.
Low-frequency Compensation. With the high-frequeney end of the
response curve taken care of, let us determine what changes can be made
to improve the low-frequeney response. At this end of the band, it is pos-
sible to disregard the shunting capacitances sinee their reactance, given by

N

T 2xfC

1s very high, and they do not affect the low-frequeney signal voltages in any
way. Now, however, it becomes necessary to include the ecoupling capacitor.
The equivalent low-frequeney cireuit can be represented as shown in Fig,
7-25. The operation of the eireuit, as explained in conjunction with Fig. 7-12,
shows thuat the lower the frequency, the greater the cffeet of the coupling
capacitor, The response gradually falls off because the reactance of C,

Re
Cc
TONEXT
e g TUBE
Ry Rg

(8)

X.

(A)

Frc. 7-25. (A) An RC-coupled amplifier and ¢B) its low-frequency equivalent
circuit.
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soon becomes dominant and a large portion of the output voltage of V,
is lost. The phase delay of the signal begins to change, eventually approach-
ing 90 deg. As a result, the background illumination of the reproduced image
is affected.

To inerease the lincar response at the low frequencies, cither C, should
be made larger (so that it will have less reactance) or R, should be made
larger. The limit of the size of cither (', or R, is governed by several fac-
tors:

1. Too large a value of (. increases the stray capacitance to ground, and
is certain to interfere with the high-frequeney response.

2. Larger coupling capacitors generally have higher leakage currents.
This permits the positive power-supply voltage on the preceding plate to
affect the grid of the following tube and to bias it positively.

3. A large value of R, proves detrimental if the tube to which it is
attached has even a slight amount of gas.

4. Finally, high values of R, and C, have a tendeney to produce motor-
boating (oscillations), because of the slow building up and leaking off of
charge across the combination.

By inserting a resistor and capacitor in the plate cireuit of tube V,, as
indicated in Fig. 7-26, it is possible to improve the low-frequency response
without making either R, or C, too large. B, and (; are the two added
components. They form the low-frequeney compensation cireuit. Through
the addition of this resistor and capacitor, the impedance in the plate eir-
cuit is increased for the lower frequencies and greater gain results. At the
high frequencies, ('; bypasses R, and effectively nullifies it. Furthermore,
('; and R; serve as a decoupling filter which aids in stabilizing the stage
by preventing any low-frequency oscillations, or motorboating, from feed-
back between stages by way of the power supply.

The value of C; in Fig. 7-26 is obtained from the expression:

R.C; = C.R, (17)

Rg

=

Fi6. 7-26. Low-frequeney compensation (R, C) of an R-C amplifier.
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where R, C., and R, have previously been as-
signed values, R, will be determined by the high-
est frequeney to be passed by the amplifier and
(. and R, will be as large as possible but within
the limitations noted above. Finally, I, should
have a resistance which is at least 20 times larger
than the impedance of (' at the lowest frequency
to be passed.

C'y and R, provide the greatest amount of com-
pensation, but there are additional faetors which
influence the extent of the low-frequency response,
One of these is the sereen-grid dropping resistor
and bypass capacitor. For best results, R,, and
(', should have a time constant which is at least 3
times as long as the period (1/f) of the lowest
video frequency to be passed by the amplifier. A
seeond governing factor is the cathode resistor, Ry,
and the cathode bypass capacitor, . These
should be chosen so that they satisfy the following
expression:

RCr. = R.C, (18)
Admittedly, the latter two circuits are not quite
as important as the decoupling resistor and capaci-
tor, R, and (7, but they should be considered in the
amplifier design,

In the design procedure of video amplifiers, the
values of the high-frequency compensating com-
ponents are selected first. These include Ry, L.,
and L.. Next, the low-frequency compensating
components, Cy and R, are computed, then R,,
and C,,, and, finally, Ri and Ci The values of
each of the latter three resistors must fall within
the operating characteristies of the tube as recom-
mended by the manufaeturer., This requirement
imposes a limitation. However, since we are con-
cerned with a time constant in each instance (as
C; X Ry, Ry X Cyy, and Ry X Cy) rather than the
individual value of cach part, we can usually
satisfy all the required conditions.

When the high- and low-frequeney compen-
sating ecircuits are applied to a video amplifier,
the result appears as shown in Fig. 7-24. The fre-
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quency-and-phase response of this amplifier is plotted in Fig. 7-27. The num-
ber of such stages required between the video detector and the cathode-ray
tube will depend upon the polarity of the signal at the output of the detector.
If the picture phase is negative, its current or voltage increases as the picture
elements become darker; an odd number of video amplifiers must be used
beeause each amplifier changes the signal by 180 deg. 1lence, if the picture
phase is negative, one stage will convert it to a positive phase and the signal
in this form can then be applied to the grid of the viewing tube. Of course,
three, five, or any other odd number of stages will also answer the purpose.
For a positive picture polarity at the output of the detector, an even num-
ber of stages is necessary.

It is well to remember that this 180-deg-phase reversal in a tube has
nothing at all to do with any phase distortion caused by the eoupling-ca-
pacitor or shunting-tube capacitances. The tube reversal merely has the
effect of changing a positive picture phase into a negative picture phase, or
vice versa. The voltage output is still in step with the wave at the input and
there is no time delay introduced at all.

Mid-frequency Compensation. In the middle range of frequencies, ex-
tending from several hundred cyeles to several thousand eyeles, the eapaci-
tanees which caused so much trouble at cither end of the frequency curve
can usually be disregarded. Thus, €'y and (’; of Fig. 7-23, so troublesome at
the higher frequencies, still present sufficiently large impedances in the mid-
range that they introduce little shunting effect. On the other hand, the
coupling capacitor, C., which affeeted the low-frequency response, presents
a negligible impedance in mid-range. It, too, can be disregarded here. The
result is a basic interstage coupling network of R, and R, and since their
impedance (or resistance) remains constant, no variation in gain results.
Hence, a flat response curve is obtained and no speeial compensatory steps
need be taken throughout this range. As a matter of faet, the mid-range
level, or gain, is taken as the reference level of the stage and the high and
low ends are raised to meet this gain.

Video Amplifier Tubes. The ability to provide high gain and to handle
signals up to 4 me are the primary considerations in the seleetion of tubes
for nse as video amplifiers. To aehieve high gain, pentodes and beam-power
tetrodes are the favored types, although occasionally a triode or a dual
triode (for example the 12ATU7) is utilized. The 6AWSA, 12BY7A, 6AUS,
8BQ5, and others have mutual conductances (in their pentode sections)
ranging from 6,000 to more than 12,000 micromhos, values which are con-
siderably higher than those ordinarily found in triodes. In addition, the
pentode sections of these tubes are capable of handling relatively large signal
swings without introduecing exeessive amplitude distortion.

The requirement of amplifying signals up to 4 me is met by low inter-
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clectrode capacitance, particularly between plate and grid. As was noted
carlier in Chapter 3, the figure of merit of a high-frequency tube is given
by the expression

L
Cin + ('out
To the denominator should be added Cy (or its equivalent C (1 + A)),
since this appears in parallel with ('y,. Hence, the expression hecomes

- L (
Cin + (Vout + (‘ﬂp(l + :1) (lJ)
The larger the value of this expression, the better the tube for use as a
video amplifier. Sometimes. the power need is the more important require-
ment. In sueh cases the intereleetrode eapacitance is sacrificed, because
higher power requires a larger tube structure and this, in turn, leads to
greater interelectrode capacitances.

Contrast Controls in Video Amplifiers. The purpose of a contrast con-
trol is to regulate the amount of video signal reaching the picture tube. It
is manually operated and is adjusted by the viewer until the picture in-
tensity suits his taste. If the room is light, he may want to turn the con-
trast control up. If the room has been darkened, he may want to decrease
the picture intensity.

Regulation of picture intensity may be accomplished in several ways.
Variation of the bias of one or more video IF amplifiers will vary the gain
of these stages and this variation, in turn, will control the signal amplitude
at the picture tube.

Signal gain can also be varied in the video-amplifier stages following
the video second detector. In the circuit of Fig. 7-28, a contrast control is
placed in the screen-grid lead of the 6CB6 video amplifier. By regulating

82

6CB6
VIDEO QUTPUT

140MH
FROM
DETECTOR
18K

+233v

Fic. 7-28. A vidco amplifier stage containing a contrast control in the screen grid
circuit.
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the sereen-grid voltage, we can vary the gain of the amplifier and of the
signal that passes through.

Another approach to video-signal-amplitude eontrol is shown in Fig.
7-29. Here the contrast potentiometer is placed in the eathode leg of the

VIDEO OUTPUT =
6AWBA W 4.5MC TRAP
{
X 15K 47 $——+T0 CRT
FROM S g MMF
VIDEQ <+ o
DETECTOR }
+130V
220 S
K fool+
ME 68n
1500 n.
CONTRAST
CONTROL

+250v

¥

Fie. 7-20. A video amplifier with the contrast control in the cathode leg of the
GAWSA.

stage. At first thought it might appear that the control varies the bias on
this stage and thereby varies the signal gain. Actually, because the 220,000-
ohm grid resistor ties in to the bottom of the 150-ohin cathode resistor, the
bias of the stage is only slightly affected by the contrast control. What
the control really does is to determine how much of the video signal appears
across the 5,600-ohm resistor in the plate circuit and how much of the signal
appears across the 2,500-ohm contrast control. Naturally, the mare the con-
trol receives, the less there is available for the 5,600-ohm resistor and the
cathode-ray tube to follow.

Variation of the negative feedback voltage to achieve gain control is ob-
tained in the circuit shown in Fig. 7-30. The 270-ohm resistor is shunted

VIDEOQ OUTPUT [ F0%0F T0
8BQ5S — T CRT

FROM

VIDEOQ 2
T s000 |
DETECTOR l»e d T T wwe

no o
4.5-MC CONTRAST
RAP CONTROL
1000 B+
235

F16. 7-30. Bias variations to achieve control of signal amplitude.
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across the 1,000-ohm contrast control to prevent the total cathode resistance
from excceding 225 ohms (approx.}. To do so would result in picture dis-
tortion. The signal receives maximum gamn when the cathode resistance 15
zero.

A number of sets have employed the contrast-control arrangement shown
in Fig. 7-31. The video signal which is amplified by the 12BY7A video am-
plifier appears aeross the contrast control (and the 33,000-ohm resistor below
it). The amount of the signal which then actually reaches the picture tube
depends upon the position of the center arm of the control. This action 18
quite similar to that of the volume control in radio receiver.

Inspection of the diagram will also reveal that the control has three
emall, fixed capacitors branched across it. These serve to equalize the re-
sponse of this unit so that all a-c and d-¢ voltages receive similar treatment.
A potentiometer (or any other resistor, for that matter) acts as a pure re-
sistance only at very low frequencies. At high frequencies, stray capaci-
tance across sections of the control offer alternate paths for high-frequency
signals with the result that the proportion of this voltage reaching the pic-
ture tube is not the same as it 18 for d-c and low-frequency voltages. For ex-
ample, when the control arm is two-thirds of the way up the potcntiomctcr,
the pieture tube receives two-thirds of the d-e and low-frequency voltage
that is present across the control. However, it receives less than half of the
high-frequency voltage because of the shunting capacitics.

VIDEO AMP
12BY7A

FROM
VvIDEQ 5

DETECTOR TOCRT
CATHODE

02 470K

15 K
GONTRAST
CONTROL

33,000
a

8+
230V

8¢+
145V

Fie. 7-31. A componsatod comrast-comrol arrangement.

To equalize the response of the control, additional small capacitances are
branched across the potcntionwtcr in the manner shown in Fig. 7-31. These
units are so chosen that the picture tube reeeives the same proportion of
Jow- and high-frequency voltages when the movable arm is at the top of the
potentiometer s when it is at the two tapped positions. At intermediate
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the video IF system (and its traps) is misaligned or that the fine-tuning
control is grossly misset.

Direct-coupled Video Amplifiers. Direct-coupled amplifiers have been
known and used for many years, even before the advent of television.
Recently they have been employed in television receivers, too, and it might
be instruetive to see what form they take and how they differ from RC
coupled amplifiers.

A video system with a d-c path from the video second deteetor to the
picture tube is shown in Fig. 7-34. The 12BY7A amplifier receives the video

12BY7A Ly

: VvIDEQ VIDEQ
3IRD VIDEO e e

?ngyl’*

= = 80 [
CONTRAST "é‘ T g+
= CONTROL 2=
BRIGHTNESS
CONTROL

Fic. 7-34. A direct-coupled video amplifier system.

signal direct from the video detector, amplifies it, and then feeds it to
the cathode of the picture tube. Because of the direct coupling, the cathode
of the picture tube has a fairly high positive potential. In this case it 1s 82
volts. Partly to offset this, the control grid of the picture tube is also given
a positive voltage. (The exact value will be determined by the setting of
the brightness control. The 60 volts indicated in the diagram is an average
value.) In this way we still maintain the control grid negative with respeet
to the cathode, as is required for the proper operation of the tube.

Elimination of the coupling capacitor extends the amplifier response
down to d-c or zero frequency. It was the presence of this capacitor, it will
be reealled, that caused the response of an amplifier to drop off at the low
frequencies. High-frequenecy compensation is still necessary. L, and L of
Fig. 7-34 serve this purpose.

The presence of Cy, Ry, and R. requires explanation because they are
related to the fact that direct coupling is used between the video amplifier
and the picture tube.

I we tie the plate of the 12BY7A directly to the cathode of the picture
tube, the positive voitage at this cathode will be close to 195 volts (in this
cireuit). To offset this, the control grid of the picture tube will also have
to have a high positive voltage. And finally, since the seeond grid (or first
anode) of the picture tube should be from 300 to 350 volts more positive than
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the control grid, its voltage in this ease will have to exceed 500 volts. To
avoid using voltages this high (which are obtained from the low-voltage
power supply), the following system is employed.

In the plate cireuit of the 12BY74, the load presented to the a-e compo-
nent of the video signal is a combination of L., B3, and Ry. The load for the
d-c portion of the signal, however, includes not only these three components
but also the resistance formed by €. and the power supply. Ca, an clectro-
lytic eapacitor, may represent a short eireuit to a-c, but to d-c its impedance
is very high. Therefore this impedance in parallel with the power-supply
impedance must also be considered in computing the load seen by the d-c¢
component of the video signal.

Since the d-c load of the amplifier is greater than its a-c load, the d-¢
component will receive more amplification than the a-¢ component. To
cqualize the response, a d-c¢ voltage divider consisting of R, and R is
formed. From the value of these resistances it is seen that slightly less than
half of the d-¢ component reaches the picture tube. The 0.1-mf capacitor
prevents the a-c signals from being attenuated by shunting them around R,.

The voltage-dividing action of R, and R. also reduces the d-c plate volt-
age reaching the cathode of the picture tube, and thereby reduces the amount
of B+ required by the control grid and second grid of the CR tube.

A 2-stage, direct-coupled video-amplifier system is shown in Fig. 7-35.
Note how the voltages start at —130 volts at the grid of V, and work up to
+225 volts at the plate of V,. This increase in operating voltages from
stage to stage is characteristic of direct-coupled amplifiers. If we add
another stage after V., the grid of this third stage will be positive be-
cause of its connection to the plate of V.. This, in turn, means that the
cathode and plate of this third tube will have to be even more positive.
By adding enough stages, the B4+ voltage required soon rises to ex-
tremely high values. Fortunately, television receivers seldom require more
than two stages of video amplification, and hence direet coupling can be
successfully employed.

270 280 VIDED
1STVIOED A
L MuF V2 SR 22MEG

AMP
VIDEO 1/2 12407

+225 ~-130v

-130v

Courtesy RCA
F16. 7-35. A two-stage direct-coupled video-amplifier system.
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In the circuit of Fig. 7-35, the balance between the amplification accorded
the a-c and d-c components is carefully maintained. C, and R, form one
equalizing network wherein the a-c¢ component is left alone while the d-¢
component is redueed. Cu, Cy, Ra, Ry, and R, form another such network.
Finally, L,, C4, and R; constitute a 4.5-me trap to remove any 4.5-mc signal
that may be present in the circuit.

QUESTIONS

1. Why must we modify a high-fidelity audio amplifier before it can be used as
a video amplifier?
Must the full 4.0-me video signal be used in all television receivers? Explain.
What governs the minimum viewing distance of a television screen?
What purpose does the d-c component of a television signal serve?
What occurs to the image when the d-¢ component is removed?
Why is phase distortion important in television? Why is it unimportant in
sound receivers?

7. Explain how phase distortion occurs in a television circuit.

8. What particular components are responsible for low-frequency phase distor-
tion? Why?

9. What is the effect of high-frequency phase distortion?

10. What is the visual effect of low-frequency phase distortion?

11. What factors tend to reduce the high-frequency amplification of an audio
amplifier?

12. Draw the equivalent high- and low-frequency circuits of an audio amplifier.

13. What is a peaking coil? Why is it useful in video amplifiers?

14. Draw the circuit of a video amplifier containing high-frequency compensa-
tion.

15. Explain and illustrate the differences between series peaking, shunt peaking,
and a combination of the two.

16. Why can we disregard all shunting capacitances when designing the low-
frequency compensation network?

17. Without adding any additional components to an audio amplifier, how can
we partly improve its low-frequency response? What limitations exist to this
method?

18. Draw the circuit of a video amplifier containing low-frequency compensa-
tion.

19. Specify the various points in an amplifier where low-frequeney compensa-
tion can be applied. Indicate the compensation suggested in cach instance.

20. What would be the visual effect of overpeaking? Underpeaking?

21. A video amplifier is to use a single shunt-peaking coil. The response is to
extend to 4.0 me. If the load resistor is 2,000 ohms and the total shunting capaci-
tance is 20 mmf, what value should the peaking coil have?

22. In the same video amplifier, the coupling capacitor (C.) has a value of 0.1
mf and the grid resistor of the following stage a value of 250,000 ohms. What value
should C, have in the low-frequency compensation network?

23. Explain how the low-frequency compensation networks accomplish their
purpose.

prrwN



CHAPTER 8

D-C Reinsertion

The D-C Components of Video Signals. The video signal contains
several distinet components, each of which serves a definite purpose. There
is, first of all, the a-c component and this represents the detail in the image.
Second, there is the d-e¢ component and this governs the over-all background
shading of the picture. Both components are separate, and each may be
varied independently of the other. Finally, there are the blanking and syn-
chronizing pulses and these are included in the signal for the purpose of
shifting the scanning beam from one side of the sereen to the other precisely,
without producing any visible trace on the sereen which reveals this position
shift.

The preceding chapter dealt with video amplifiers which are primarily
concerned with the a-c¢ component of the video signal. In this chapter, we
will consider the d-¢ component, its function within the video signal, and
what happens when it is removed from the signal.

Several lines of a typical video signal are shown in Fig. 8-1. Between
every two successive synchronizing and blanking pulses, we have the cam-
era-signal variations, ranging from white (at the most positive value) to
black at the level of the blanking pulse. The signals are shown in the posi-
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Fig. 8-1. Several lincs of a typical video sighal.
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tive picture-phase form. When applied to the control grid of a cathode-ray
tube, cach different value of video voltage produces a different spot intensity
on the eathode-ray tube sereen and from all these light gradations we obtain
the nnage.

Suppose, now, we take a video signal and, while maintaining the same
camera-signal variations, we first move these variations closer to the blank-
ing-pulse level, shown in Fig. 8-2(A), and then shift the same variations
as far away as possible from the blanking pulses, shown in Fig. 8-2(B).

DARK SIGNAL BRIGHT SIGRAL

SAME CAMERA SIGNAL AS
WITH ADOED DC. ng

- ADDED DC. COMPONENT
= = = AVERAGE OF CAMERA SIGNAL
§roc. componenT oF siGNAL (D
CAMERA SIGNAL BLACK LEVEL
-FIXED REFERENCE*
™ —

Fic. 8-2. Two video signals containing the same detail (a-c component) but differ-
ent background brightness (d-¢c component).

CURRENT OR VOLTAGE

What will be the visual result in each instance? Since the blanking level rep-
resents the point at which the cathode-ray-tube beam is supposed to cut off,
moving the video signal closer to this level means that the overall back-
ground of the image will become darker. On the other hand, when the video
signal variations are farther away from the blanking level, the background
of the image becomes brighter. Note, however, that because the video-sig-
nal variations are identical in each instance, the same scenec is obtained.
The only thing we have altered by shifting the relative position of the video
signal is the background brightness. In the first instance it is dark; in the
second, it becomes bright. We can simulate the same condition in a room by
increasing or decreasing the intensity of the clectrie lights. This change does
not affect the objects in the room; it merely affects the overall brightness of
the scene.

To distinguish between the camera-signal variations and the average
level of these variations (or the average distance of these variations from
the blanking level), it has become standard to call the latter the d-c com-
ponent and the former the a-c¢ component of the video signal. The average
level of the signal can be altered by the insertion of a d-c voltage, thereby
raising or lowering the average level of the video signal and changing the
background brightness of the image.

At the transmitter, the level of the blanking pulses is establixhed as the
dark level, at which point the electron beam in the receiver cathode-ray tube
is to cut off and the screen, for that point, is to become dark. When the a-¢
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video-signal variations obtained from the camera tube are combined with
this blanking voltage and the syne pulses, we have a complete video signal.
At any point along the program line, the distance between the average level
of the a-e video signal and the blanking level may be varied (through inser-
tion of a d-¢ voltage) to produce the desired shading or background bright-
ness as dietated hy the program director. Note that, since the d-c voltage
moves the video-signal variations closer to or farther away from the blank-
ing level, we are using this level as a reference. Therefore, the level of the
blanking pulses must remain fixed, and the signal is transmitted with this
relationship maintained.

The second-detector output in the receiver contains the full video signal,
as shown in Fig. 8-1. The blanking pulse of each line is aligned to the same
level. However, when the signal is passed through R-C coupled video-fre-
queney amplifiers, the blanking pulses of the various lines are no longer lined
up hecause the coupling capacitors cause the video signal to possess equal
positive and negative areas about the zero axis.

This situation has been encountered by the serviceman, although in
slightly different form. Suppose we take three 60-cycle a-c voltages and
three d-c¢ voltages and combine them to form the signals indicated in
Fig. 8-3(A). (Voltages of this type are frequently found in power supplies
where the a-¢ wave represents the ripple.) For the sake of this discussion,
we have provided enough d-¢ voltage so that the positive peaks of all three
waves reach the same level. Now, let us pass these voltages through a
capacitor. The result is shown in Fig. 8-3(B). By removing the d-c voltages,
cach wave has as mueh area above the axis as below and, beeause of this,
the positive peaks of the waves are no longer at the same level.

Let us look at the cquivalent situation in a television system. In Fig.
8-3(C) there are shown three video signals taken at different moments
from a television broadeast and representing three lines. One line is ahnost
white, one is grey, and one is dark or black. As they come out of the
video second deteetor, all the blanking voltages are aligned to the same level.
After passing these three signals through a coupling capacitor, the signals
possess the form indicated in Fig. 8-3(D). For each signal, the area above
the axis is equal to the arca below the axis. But because of this distribution,
the blanking voltages of the signals are no longer at the same level. In this
condition, we say that the d-e component of the video signal is missing.
The question now is: What effect will this variation in blanking level have
on the image produced on the screen?

Iach blanking pulse represents the dark level of each line. Since all lines
in an image should have the same reference (or black) level, all blanking
pulses should have the same voltage value. This was true of the video signal
when it left the transmitter and it was true in the receiver just before we
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Fie. 8-3. An illustration of the effect of removing the d-c component from the
video signal.

passed the detected video signal through a coupling capacitor in the video-
frequency amplifier system. After passage through this capacitor, the blank-
ing pulse levels were no longer aligned to the same level. If now we apply
the three signals to an image tube (reverse polarity of Fig. 8-3(D))) here is
what happens.

When the signal corresponding to a white line reaches the cathode-ray-
tube grid, we manually adjust the brightness control (which controls the bias
for the image tube) to the point where the blanking-pulse level just drives
the tube into cutoff. Thus, as long as this signal remains, the negative volt-
age of the blanking pulse, added to the negative bias set by the brightness
control, will darken the sereen at the blanking-pulse level.

If now the grey video signal comes to the cathode-ray tube, we see that
its blanking-pulse level is less negative than the blanking-pulse level of the



D-C REINSERTION 225

previous video signal. Hence, here, the beam will not cutoff at the blanking
pulse, and the beam retrace will be visible. We could produce the proper
cutoff conditions by increasing the negative bias on the image tube, but this
is impractical for several reasons. First, in any changing scene, the back-
ground shading changes too rapidly to be adjusted manually by the viewer.
As a result, if the brightness control is set for a very bright picture, we will
see the retrace lines when a darker picture arrives. Conversely, if the bright-
ness control is set for a darker image, then, when a lighter image is viewed,
part of the detail will be lost because of the greater cathode-ray-tube grid
bias,

Finally, the situation is aggravated even more when a dark video signal
arrives. Now, we require an even greater negative bias and, when the bright-
ness control is set correctly for this signal, it is much too negative for any of
the two previous signals. If either of these two other signals is viewed with
the bias set for this last signal, the image will appear too dark. On the other
hand, when it is correctly set for a white picture, a black picture will appear
too light, with even the retrace lines visible. The only solution to this state
of affairs is to return all blanking voltages to the same level again, just as we
found them in the incoming signal. This, then, is the function of the d-c
restorer in the receiver,

livery cathode-ray tube has a definite characteristic curve. For a certain
input voltage, a definite amount of light appears on the screen. All blanking
pulses are purposely placed on the same level in order that the cathode-ray
tube will react to them in the same manner throughout the entire reception
of the signal. The same is true of white, grey, black, or any other shade that
is transmitted to the scene. Any one shade must produce the same illumina-
tion on the cathode-ray-tube sereen each time its corresponding voltage is
present on the control grid of the tube. However, this cannot occur unless all
video signals have the same reference level. It is here that the usefulness of
the d-c component becomes apparent. Through the use of this inserted volt-
age, all blanking and synchronizing pulses are leveled off and the image de-
tail attached to these pulses is likewise correctly oriented.

To operate the television receiver properly, then, a method must be
devised whereby the a-c video signals which appear at the cathode-ray tube
are again brought to the same relative level that they had before the removal
of the d-c component in the intervening video amplifiers. The problem re-
solves itself into one of reinserting a d-c voltage that will take the place of
the one removed. Note that in direct-coupled video amplifiers there are no
coupling capacitors and hence the d-¢ component is not removed. Conse-
quently there is no need here for special d-c reinsertion networks.

It might be noted here that most AGC systems (except the average type)
use the sync-pulse level to establish the AGC voltage. Here, too, it is im-
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portant that the d-c component is present, otherwise a change in scene back-
ground will be taken (by the AGC system) to mean a change in signal
amplitude.

Reinserting the D-C Components. To understand why d-c restoration
is possible, it is necessary to know that removing the d-¢ component from a
video signal does not change its shape; it changes merely its reference level.
This is evident when Figs. 8-2(A) and (B) are compared. The same varia-
tions in the a-c¢ components still occur and the relationship of the a-c signal
to the blanking and synchronizing pulses remains the same, with or without
the d-c component. Tt is also seen that the brighter the line, the greater the
separation between the picture-information variations and the pulses. As
the scene becomes darker, these two components move closer together.

It is from these relationships that we are able to reinsert the d-¢ compo-
nent; for, if we ean develop a variable bias that will effect each change in
blanking and synchronizing pulse voltage and act in such a manner that all
pulses are brought to one common level, our purpose is achieved. It will
mean, for example, that if a video signal in its a-c form is applied to the
input of a tube where the process of d-c restoration will occur, a variable grid
bias, developed here, will return the pulses to the same level again in the
plate circuit of the tube. The bias will automatically adjust itself to suit cach
individual case. Then, with all the signals lined up again, they can be
applied to the cathode-ray tube.

D-C Reinsertion Circuits.* There are several methods for inserting
the d-c component into the video signal. Perhaps the simplest is the circuit
shown in Fig. 8-4. Ilere the final video amplifier is operating at zero-fixed
bias, with no signal applied to the grid. As soon as a signal does arrive,
grid current flows; the amount is dependent upon the strength of the signal
voltage. Thus, one of the conditions specified above, namely, the signal de-
termining its own bias, is obtained.

The form of the a-e signal applied to the grid of this last video amplifier
tube must be of & negative phase, as shown in Fig, 8-4. It must be negative
at the input in order that the proper positive phase will be obtained at the
output where it is applied to the grid of the picture tube. Because there is no
fixed bias on 17, the grid will swing positive whenever the a-c signal is posi-
tive (above the zero line). Making the grid positive eauses eleetrons to flow
in this circuit, charging the capacitor (.. C,, in turn, discharges through R,.
The electrons, in passing through R,, will develop a voltage, the amount de-
pendent on how positive the grid is driven by the signal. This voltage across
R, is the operating grid bias and, in effect, acts in series with the a-c signal

*The name “d-c¢ reinsertion” circuit is common throughout the television field.
However, sometimes “clamping” eircuit is also heard. Both refer to the same thing and
may be used interchangeably.
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applied to the tube. Since the current flowing in the grid resistor will depend
on the extent the applied a-c signal goes positive, it is evident that the grid
current will vary from one pulse to another. A large positive voltage (corre-
sponding to a bright line) will cause a large current to flow through R,;
therefore a large biasing voltage will develop here and will be applied in
series with the signal. For a small positive pulse, such as is obtained for a
dark line, only a small biasing voltage will appear across R,

SIGNAL N D~C
VIDEO AMP FORM _AGAIN

Vi

INCOMING SIGNAL
(A—C FORM)

BRIGHTNESS
CONTROL

D-C REINSERTION
TAKES PLACE HERE =T

8+

300V, =

Fic. 8-4. A simple d-c reinsertion circuit. The bias developed across R, varies
with the incoming signal.

Now let us sce how this variable bias brings each synchronizing pulse to
the same level, Consider first a pulse of small amplitude. The pulse ex-
tends a short distance above the zero or reference line and, under the in-
fluence of this signal, the grid will go slightly positive. Consequently, only
a small negative biasing voltage will develop across R,. Let us assume that
for the blanking level of the signal, 5 ma of plate current will flow.

Now a large pulse, due perhaps to a bright line, arrives at the grid. Since
its level is much farther above the zero line, the grid will be driven more posi-
tive and a greater grid current will flow. The result is a larger negative bias
across K, to counteract the inereased positive value of the signal. At the
blanking level of this signal, 5 ma of plate current should also flow. With
the same amount of plate-current flow for each blanking pulse, the output
signals are all lined up again, as indicated in Fig. 8-4. One further point
should be kept in mind throughout this entire process. The bias developed
across I, does not vary each instant, but remains relatively constant from
one pulse to another. Since the horizontal pulses are separated from one
another by the camera signal, the bias will be constant for this detail. Thus,
the detail of the picture is not smoothed out, as it would be if the bias on R,
changed with every single current variation. It merely changes at each
pulse.
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The time constant of the grid resistor R, and the grid capacitor C, must
be long enough so that the bias developed will last for at least one complete
horizontal line, or from pulse to pulse. In practice, however, it may last
longer, perhaps for several lines, since the average brightness of the back-
ground illumination seldom changes that rapidly. Values of R, range from
about 400,000 ohms up to 1 megohm. C. would be chosen so that the time
constant (T = R X C) is equal to the duration of one or more lines. Each
line lasts approximately 1/16,000 sce.

The output of 17, shown in Fig. 8-4, is applied directly to the control grid
of the cathode-ray tube. Direet coupling is neeessary since a capacitor will
remove the d-c component just inserted. At the grid of the cathode-ray
tube, a fixed bias between the grid and cathode is obtained from the power
supply. This bias sets the operating point for the tube and, in conjunction
with the video blanking and synchronizing pulses, cuts off the electron beam
at the proper moments. The setting of this bias will depend upon the
strength of the signal reaching the grid. A signal of small amplitude, say
from sonte distant station, requires more fixed negative bias on the grid
than a stronger signal.

The dependency of the eathode-ray-tube grid bias on the strength of the
arriving signal is illustrated in Fig. 8-5. For a weak signal, the bias must be
advanced to the point where the combination of the relatively negative
blanking voltage plus the tube bias drives the tube into cutoff. However, with
a strong signal, the negative grid bias must be reduced; otherwise some of
the picture detail is lost.

The Brightness Control. Since the bias of the cathode-ray tube may
require adjustment for different stations, or even for various conditions on
the same station, a potentiometer is conneeted into the bias circuit, brought
out to the front panel, and called the “brightness control.” By its use, the
observer is able to adjust the bias on the grid of the picture tube in order that
blanking pulses drive the grid only to cutoff and no retrace is visible on the
sereen.

The effects of the brightness control and the contrast control previously
described overlap to some extent. If the setting of the contrast control is
increased so that the video signal becomes stronger, the brightness control
must be adjusted to meet the new condition, which means, of course, that no
retraces are visible. Too small a value of negative grid bias allows the aver-
age illumination of the seene to inerease and permits part of the return
traces to become visible. In addition, the image assumes a thin, watery,
washed-out appearance. Too low a setting of the brightness control, which
will result in a high negative bias on the picture-tube grid, will cause some
of the darker portions of the image to be eliminated, and the average illumi-
nation of the scene will decrease. To correct this latter condition, either the
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brightness control can be adjusted or the contrast-control setting can be
advanced until the correct position is obtained. Finally, the focusing action
of the tube may also be affeeted by either the brightness control or the con-
trast control and requires a slight adjustment, although normally this will
not occur,
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Fic. 8-5. Illustrating why the brightness control must be adjusted to suit the
incoming signal.

D-C Reinsertion with a Diode. The foregoing method of d-¢ reinser-
tion is attained simply and produces good results. It has, however, one limi-
tation: the B+ potentials on the sereen grid and plate must be 1('(luccd in
order that excessive current does not flow when no signal is being received.
This reduces the overall gain available from this stage. Further, it is impor-
tant that the sereen-grid voltage be well regulated, otherwise the d-c re-
storing action will be impaired.
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Another method of d-c reinsertion requires the addition of a diode tube,
but removes the highly positive voltage from the control grid of the cath-
ode-ray tube. Sce Iig. 8-6. The signal here is in its a-¢ form until it reaches
the input to the d-e restorer, composed of capacitor Cy, resistor R, and the
diode tube. The form of the signal, at this point, is the positive phase since
no further reversals take place before the grid of the cathode-ray tube is
reached.

L
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Fi1g. 8-6. D-c reinsertion with a diode.

In the signal applied to the restorer, the blanking and synchronizing
pulses are below the zero line. When applied to points 1 and 2, the signal will
cause point 1 to become negative with respeet to 2. This follows from the
action of an a-c wave. The other portion of the signal, which contains the
image information, is above the line and, when applied across points 1 and
2, it will make 1 positive with respect to 2. The diode in the circuit conducts
only when its plate is positive with respeet to its cathode, or when point 2 is
positive with respect to point 1.

The action of the d-c¢ restorer is simple. When the polarity of the video
signal at point 1 is negative, point 2 and the plate of the diode are positive.
A flow of current will occur through the tube, and capacitor C; will charge
to a value dependent upon the strength of the signal acting at points 1 and 2.
The polarity of the charge is indicated in Fig. 8-6. During the positive por-
tions of the video signal at the input of the circuit, capacitor €, will dis-
charge through R, since the diode plate is now negative, and the tube is non-
conducting. The value of R is high, about 1 megohm, and C, discharges
slowly.

The values of 'y and R are so designed that the voltage on the capacitor
remains fairly constant throughout an entire horizontal line, or during the
time that the positive a-¢ signal is acting on the picture tube grid. Note that
this charge is between the grid and ground, or cathode, and hence acts as a
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variable bias in series with the a-c signal. When the negative portion of the
signal (which is due mostly to the blanking and synchronizing pulses) acts
at the input, the plate of the diode again becomes conductive. The charge
on ("y will now he automatically adjusted to the amplitude of the negative
pulse. A bright line will place a larger positive voltage on the capacitor C,
than a darker line (positive pieture phase here). The positive voltage will
cause the grid to become more positive and the line will receive its correct
value. The bias will raise each line until the blanking pulses are lined up
again. Thus, in this instance, a bias develops which is proportional to the im-
pulse amplitudes, which are, in turn, governed by the average brightness of
the line, as previously explained. Potentiometer P is available, and its ad-
justment will cause the grid to cut off on the application of all blanking
pulses,

A slightly modified version of the foregoing cireuit is used in some tele-
vision sets. The eireuit, given in Fig. 8-7, reveals that the diode tube is not

12BY7A

Brightness
control
"""" v‘v‘v‘v
50,000 42
N
>
J —
B+ N
eV

Fic. 8-7. A d-e rein=ertion circuit employved in commereial receivers.

placed across the entire plate output of 17y, but merely across a portion of it,
obtained from resistor 4. The action of the a-c video signal aeross C;, Ry,
and the diode results in Cy; charging to the peak value of the pulses. It then
discharges partly through the 1-megohm resistor, and the effect of the
apacitor charge is to place its stored voltage in series with the a-c video
signal so that the neccessary d-¢ component is reinserted into the signal.
The amount of charge on the capacitor will naturally vary from line to
line.

Instead of using a diode tube for the d-c reinsertion, a germanium crystal
can be substituted. Sinee erystal and vacuum-tube diodes function in the
same manner, the entire previous discussion can be applied here.

Diode restorers also can be used to function as elippers to separate the
syne pulses from the rest of the video signal and then to transfer these pulses
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to the horizontal- and vertical-sweep systems. A typical circuit is shown in
Fig. 8-8. Between every two horizontal syne pulses, C; discharges slightly
through R,, sctting up the d-e restoration voltage here. Upon the arrival of
a sync pulse, a short flow of current takes place through the tube and R,
since this latter resistor is in series with the tube. These pips of current rep-
resent the syne pulses since they appear only when the peak pulses are pres-
ent across the circuit.
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Fic. 8-8. A diode d-c restorer serving also as a syne clipper.

Television Receivers without D-C Restoration. Cost is a strong deter-
mining factor in the design of commercial television receivers and if it is
possible to reduce the cost of a set without compromising picture quality too
much, this sacrifice is frequently made. There are a number of receivers on
the market today that do not employ d-e¢ restoration, nor do they possess a
d-c path between the video second detector and the picture tube. In other
words, the d-¢ component is removed from the signal and never reinserted.

As the preceding discussion has indicated, loss of the d-e component will
tend to make the overall picture darker. To counteract this, the viewer gen-
erally turns up his brightness control. This, in turn, frequently causes the
vertical retrace lines to become visible. The continued presence of these
lines during normal broadcasts will prove to be annoying. To rid the sereen
of these retrace lines, it has become standard practice to apply a negative
pulse to the grid of the picture during the vertical retrace interval. (A posi-
tive pulse fed to the picture-tube cathode will achieve the same results. Gen-
erally the pulse is applied to the element not receiving the video signal.) The
pulse biases the tube to cutoff, prevents electrons from passing through the
tube, and effectively removes the vertical retrace lines for any normal posi-
tion of the brightness and contrast controls.®

* More information concerning the origin of these pulses will be given at a subse-
quent point.



D-C REINSERTION 233

It is true that removal of the d-c¢ component will reduce the contrast
range of the image. llowever, this has been partly offset by the development
of screen phosphors possessing wider contrast ranges, and it is doubtful
whether any viewer can tell the difference when the d-¢ component is miss-
ing.

QUESTIONS

1. What is meant by d-c¢ reinsertion? Why i< it necessary?

2. Explain the difference between the a-c and d-c components of a video
signal.

3. How is the d-c component removed? Why is it possible to reinsert this
voltage ?

4, Must a television receiver contain a d-¢ restorer? Explain.

5. Explain the operation of the grid-leak-bias method of d-¢ reinsertion.

6. What ix the brightness control? Where is it situated in the ecireuit?

7. Explain the need for the brightness control.

8. What is the difference between the brightness and contrast controls?

9. What would happen to the image if the grid-leak d-c reinsertion network
had a time constant of 1 microsecond?

10. Draw the schematic circuit of a diode d-¢ reinsertion network.

11. Explain how the circuit in question 10 operates.

12. Explain what happens when the d-e¢ component of a video signal is removed.




CHAPTER 9

Cathode-Ray Tubes

Introduction. The cathode-ray tube, which is the very heart of the
television receiver, is in many respects quite similar to the ordinary receiving
tube. Like the receiving tube, it, too, has a cathode that emits electrons be-
causc of heat received from the heater wires. The flow of electrons, and
henee the number, is regulated by the voltage on the electrodes in the same
manner as in any other tube. Once past the control grid, however, the elee-
trons are narrowed down to a fine beam and subjected to focusing and de-
flecting forces until the beam strikes a fluorescent sereen located at the far
end of the tube. At each point where the electron beam impinges on the
sereen, a spot of light appears. If the points follow in rapid succession, the
motion can be made to appear continuous due to the persistence-of-vision
phenomenon of the human eye.

For television receivers, the video signal containing the image detail is
applied to the control grid or cathode, while the synchronizing impulses con-
trol sawtooth oscillators that connect to deflecting coils. Under the influence
of these changing voltages, the beam is swept across the sereen in step with
the seanning beam in the cainera tube at the studio.

The formation of the cleetron beam starts naturally at the cathode. The
emitting surface, composed of thoriated tungsten or barium and strontium
oxides, is restricted to a small arca in order that the emitted electrons pro-
gress only toward the fluorescent sereen. They would serve no useful purpose
in any other direction. The emitting material is thus deposited on the end of
the nickel cathode cap that encloses the heater in the manner shown in
Fig. 9-1 for a typical construction. The electrons, after emission, are drawn
by the positive anode voltages into electric or magnetic lens systems. These
form and focus the electrons into a sharp, narrow heam that finally impinges
on the fluoresecent sereen in a small round point.

The use of the word “lens” may puzzle the reader who thinks of this term

234
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only in connection with light rays, not electron beams. The purpose of a
glass lens is to cause light rays either to diverge or to converge to a point.
The same results can be achieved electroni-
cally; hence the reason for the carryover of

Heater
the name. —eYe e i‘)
|

Emitting area

The First-lens System. In the first lens
we find the cathode, the control grid, and the
first anode arranged in the manner shown in
Fig. 9-2. The grid, it is noticed, is not the fa- F16. 9-1. Cathode and heater

e : q . construction for a cathode-ray
miliar mesh-wire arrangement found in ordi- television tube.
nary tubes. For the present purpose it is a
small hollow cylinder with only a small pinhole through which the electrons
may pass. This restricts the area of the cathode that is effective in providing
clectrons for the beam and aids in giving the beam sharpness. Following the
grid cylinder is the first anode. Here again baffles permit only those electrons
near the axis of the tube to pass through.
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F16. 9-2. The first lens system of a cathode-ray tube.

Because of the energy imparted to them by the heated cathode, the elee-
trons leave the cathode surface with a small velocity. With no positive
clectric force (or field) to urge them forward, the clectrons tend to congre-
gate in the vacuum space just beyond the cathode and form a space charge.
Eventually, just as many electrons will leave the heated cathode surface as
are repelled by the negative space charge, and a state of equilibrium will
exist. This condition can be overcome and a flow of clectrons allowed to take
place down the tube if a high positive voltage is placed on the first anode.

The first anode, which is a hollow eylinder, does not have its electric field
contained merely within itself; it also reaches into the surrounding regions.
To be sure, the farther away from the anode, the weaker the strength of the
field. With zero and low negative potentials on the control grid, the influence
of the positive anode field extends through the bafle of the control grid
right to the cathode surface. Kleetrons leaving this surface are urged on by
the positive clectric field and accelerated down the tube, with the baffle
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restricting the direction of the electrons to very small angles with the axis of
the tube.

Figure 9-2 shows the distribution of the electrostatic lines between
cathode and control grid. It is interesting to note that these lines are not
straight, but tend to curve, the amount of curvature being influenced by
the distance from the first anode and the control grid and by the voltages on
these elements. Cathode-ray-tube design engineers use such field distri-
bution diagrams to determine the effect of each electrode on the electrons
at the cathode and in the heam.

As a result of the bending of the eleetric field at the cathode, it can be
proved by means of vectors that all electrons passing through the small
hole in the control-grid baffle will come to a focus or converge toward a
small area located just inside the first anode. This region is on the axis of the
tube and is known as the “crossover point.” The effect of the electric field is
such that electrons near the outer edges of the control-grid opening travel at
an angle in order to get to the crossover point, whereas electrons on the axis
of the lens move straight forward to this point. The direction of some of
the electrons is shown in Fig. 9-2.

It is well to keep in mind that the shape of the electric field is determined
by the placement of the electrodes and the voltages applied to them. The
clectrons are foreed to converge toward the crossover point because this
point can more readily serve as the supply source of the heam clectrons than
the cathode from which they initially came. The area of the crossover point
is more clearly defined than the relatively larger cathode surface, and it has
been found that the electron beam is casier to focus if the crossover area is
considered as the starting point rather than the cathode itself. The electrons
that compose the final beam are then drawn from the crossover point while
other electrons come from the cathode to take their place. The greater the
number of electrons drawn fromn this point, the brighter the final image on
the fluorescent sereen.

For ordinary purposes, a negative bias is placed on the grid. In the larger
cathode-ray tubes, the bias may rise as high as —60 volts. With a negative
voltage on the control grid, the extent of the positive electrie field is modified
and it no longer affects as large an area at the cathode surface as it did
previously with zero grid volts. Now, only electrons located near the center
of the cathode are subject to the positive urging force, and the numbher of
electrons arriving at the crossover point is correspondingly less. The in-
tensity of the final electron beam likewise decreases. In the television
receiver, the video signal is applied to the control grid and the resulting
variations in potential cause similar changes in electron beam intensity.

For the beam arriving at the sereen to remain in focus once the controls
have been set, the position of the crossover point must remain fixed. With
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normal variations of control-grid voltage, this condition is obtained. With
large variations, however, the position of the crossover point tends to change,
moving closer to the cathode as the grid becomes more negative. Thus a cer-
tain amount of defocusing will take place. Proper design generally keeps
this at a minimum, and for most of the voltage variations encountered in
television work, defocusing is scarcely noticeable.

To summarize the purpose of the first-lens system: We see that elec-
trons leaving the cathode surface are forced to converge to a small area
near the anode. This offers a better point for the formation of the beam
and its subsequent focusing.

The Second-lens System. The sccond-lens system draws electrons
from the crossover point and brings them to a focus at the viewing screen.
The system consists of the first and second anodes, as shown in Fig. 9-3.
The sccond anode is operated at a higher potential than the first anode, is
larger in diameter, and frequently overlaps the first anode to some extent.
It is at the point of overlap of the two anodes that the second lens is effec-
tive, and it is here that the focusing action of the electron beam takes place.
Electrons, when drawn from the crossover point established by the first lens
svstem, are not all parallel to the axis of the tube, Some leave at various
small angles. The beam thus tends to diverge and it is due to the second
lens that these diverging electrons alter their path and meet at another point
on the axis. This second point is at the screen. Those electrons moving
straight along the axis of the tube are not affected, in direction, by the
focusing action of the second lens.

The operation of the second lens el
depends upon the different potentials SRSt
that are applied to the first and sec-
ond anodes and the distribution of
the resulting cleetrie field. The equi-
potential lines for this lens are drawn
in Fig, 9-3. It is to be noted that the
curvature of these lines changes at
the intersection of the two anodes. = +7000v
On the left-hand side, the electric- TOPOWER SUPPLY

field lines are convex to the ap- e ol b o oo
: : cusing of the electron beam at the view-
proaching eleetron beam, whiletothe .= ™ " at e vie
ing screen 1s accomplished by varyving the

right of the intersection the lines are voltage at the first anode.
concave, The effect of these oppo-

sitely shaped electrie-field lines on the heam is likewise opposite. Since we
have seen that some of the electrons tend to diverge after they leave the
crossover point, the field distribution must be designed to overcome such a
tendency. In aection, the convex equipotential lines force the eleetrons to

ELECTRON
PATHS

S

CONTROL

Fic. 9-3. The second lens syvstem. Fo-
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converge to a greater extent than the concave lines cause the clectrons to
diverge. Inasmuch as the convergence exceeds the divergence, the net result
is a focusing of the electrons on the screen.

The ratio of the voltages, the size of the anode cylinders, and their rela-
tion to each other will determine the distribution and curvature of the elec-
tric lines of foree; the latter, in turn, will determine the amount and the
point at which the focusing takes place. In cathode-ray tubes, the ratio of
the first to the sccond anode voltages ranges from 3 to 1 to 6 to 1 or more.

In order that the electron beam leaving the crossover point shall not di-
verge too much, a baffle is placed just beyond this point, similar in construc-
tion to the baffle previously described for the control grid. The baffle again
limits the width of the electron beam to the desired size. Practically, focus-
ing control can be accomplished by varying the voltage on the first anode by
an arrangement shown in Fig. 9-3. This is one way of altering the voltage
ratio between the first and second anodes and, with it, the distribution of
the clectric lines of force of the lens system. An approximate optical analogy
of the lens system is shown in Fig. 9-4 and may prove helpful in indicating
the operation of the electric system.

First 8econd
lens lans

\% — 1~ (@/-
point

F1g. 9-4. The glass lenses used in focusing light rays illustrate the similarity be-
tween light-wave and electron-beam focusing.

Electrostatic Deflection. Once past the seccond anode, the electron
beam speeds toward the fluorescent screen. However, to present an image on
the screen, a means of deflecting the beam is in order. This deflection may be
achieved electrostatically by using two sets of plates, or clectromagnetically
by using two sets of coils. Let us consider electrostatic deflection first.

To deflect the beam eleetrostatically, two sets of plates are mounted at
right angles to each other. One set is known as the horizontal deflection
plates, the other as the vertical deflection plates. In television receivers,
sawtooth oscillators are electrically connected to these plates, and the elec-
tron beam is subjected to changing voltages that force it to move across and
up (or down) the screen. The 525 lines of each frame are swept out in this
manner. The synchronizing pulses control the action of the sawtooth oscil-
lators in order to keep the original and reproduced images synchronized
with each other. The same action of deflection can also be accomplished
with coils and will be described presently.
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In commercial television receivers, two methods of applying the deflec-
tion voltages to the deflecting plates are employed. In one method, one
defleeting plate of each set is connected directly to the second anode while
the other plate receives the varying deflecting voltages. When this voltage is
zero, both plates (of each set) are at the same potential, which in this case
is equal to the second anode voltage. The electron beam is therefore not
subjected to any deflecting force and passes unmolested through the center
of the system. The deflecting plates are at second anode potential because of
their position in the tube. The beam, in leaving the second anode, must not
be slowed down. Any voltage difference between the second anode and the
defleeting plates not only changes the velocity of the beam but also produces
defocusing at the sereen. To avoid these difficulties, the deflecting plates and
the second anode are electrieally connected.

With one plate permanently attached to the sccond anode and the other
to the deflecting voltage, we have an unbalanced arrangement as in Fig.
9-5(A). The plate with the varying potential will deflect the beam an amount

High
woltage

2nd anode

Deflscting plates

~

Electron beam

To High
voltage
Deflecting voltage

(A)

F16. 9-5(A). Deflection of electron beams. This unbalanced method, while simple in
construction, does not always give a clearly defined beam on all parts of the
fluorescent sereen.

proportional to the acting voltage. For small voltage variations, the opera-
tion is satisfactory. At higher deflecting voltages (in larger tubes), a defocus-
ing of the beam occurs. This effeet is sometimes called “astigmatism.”
The reason for the defocusing action may be explained as follows: The
cleetron beam, once it leaves the second anode, is traveling toward the
sereen where it should come to a focus. Any electrical disturbances not
part of the focusing action will tend to destroy the sequence. When vary-
ing voltages are applied to the deflecting plates, their average potential
varies above and below the second anode voltage. The result, when the dif-
ference between the two becomes sufficiently great, is to throw the beam out
of focus. In small tubes the voltage difference is not large enough to cause
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defocusing, but in larger tubes definite defocusing is observed. This is
especially noticeable when the beam is at the ends of the sereen, for it is at
such points that the required deflection voltage is greatest.

The more desirable method, which is a balanced one, is shown in Fig.
9-5(B). The voltages on both plates change, and uniform force is exerted
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Fic. 9-5(B). A balanced deflection system.

by the plates on the beam. As both deflection-plate voltages vary in an
opposite manner, the average change in voltage is zero. HHowever, now two
tubes are required (push-pull) to develop the deflection voltage, and this
increases the cost of the set. Despite the latter fact, this method is the one
used in receivers that employ electrostatic deflection.

To obtain maximum deflection of the beam without having it strike the
edges of the plates, the plates are flared slightly at the ends. The basic
clements of a cathode-ray tube employing electrostatic defleetion and focus-
ing are shown in Fig. 9-6(A). An example of this type of tube is the 5JP4.
Seven- and 10-inch cleetrostatie defleetion tubes generally incorporate one
additional element not present in Fig. 9-6(A). The new clement is placed
between the control grid and the focusing (first) anode. Internally, it con-
nects to the accelerating (or second) anode. See Fig. 9-6(B). The introduc-
tion of this new clement serves to reduce further interaction between beam
focus and voltage variations at the control grid. As the sereen area becomes
larger, beam-defocusing defects become more apparent and more precau-
tions must be taken to prevent them.

Cathode-ray tubes also possess a conducting aquadag coating entirely
around the inside of the glass, extending from the first or the second anode
almost (but not quite) to the fluorescent sereen. An important function of
this aquadag coating is to prevent the collection of free electrons that would
otherwise accumulate on the glass walls of the tube. In addition, it serves
as a collecting anode for the secondary electrons which are emitted from the
fluoreseent screen when the electron beam impinges on the screen. If we
removed the aquadag coating, the secondary clectrons would land on the
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Fic. 9-6. (A) The basic elements of a cathode-ray tube using electrostatic fo-
cusing and deflection. (B) Modified construction of electron gun in 7- and 10-inch
electrostatic deflection tubes.

glass walls of the tube and remain there. Eventually, sufficient charge would
develop to prevent proper functioning of the beam. By coating the inside
of the tube with aquadag and giving it a positive potential, we remove all of
this undesirable charge. Internally, the coating is connected to the second
anode. Furthermore, through the use of this dark coating, less light is re-
flected from the screen into the tube and then back to the sereen again. This
reduction in reflection improves the contrast range available from a fluo-

rescent screen.
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Amount of Deflecting Voltages Necessary. The amount of voltage
that must be applied to the deflection plates in order to force the beam to
travel from one side of the screen to the other will depend to a great extent
upon the accelerating voltage of the second anode and the width of the
screen. A larger voltage will accelerate the electrons more strongly and
hence make a large voltage on the deflection plates necessary. The faster an
electron travels, the less time it spends between the plates and the greater the
deflection voltage required to bend it. The deflection factor, which is given
for each electrostatic tube in its characteristic data, then increases. On the
other hand, lowering the second-anode voltage will permit the deflection
plates to exert greater control over the electron beam for the same deflec-
tion voltage.

In characteristic charts of cathode-ray tubes, the deflection factor may
be stated directly or another unit, known as the “deflection sensitivity,” may
be given. Many times both are given, although it is possible to compute
one if the other is given. To illustrate, consider the 7JP4 tube. The deflection
factor is given as 31 to 41 d-c¢ volts/in./kv. This means that, with 1,000
volts on the second anode (1 kv), a difference of from 31 to 41 d-c volts
between a set of deflection plates will move the beam 1 in. on the screen.
The range of 31 to 41 volts is given because of manufacturing tolerances;
36 volts can be used as an average value. If 2,000 volts are placed on the
second anode, the deflection force becomes less effective, and 62 to 82 d-c
volts are required to produce the same 1 in. of deflection. In general, increas-
ing the second-anode voltage by a certain amount decreases the distance
the beam is deflected by a proportionate amount (assuming no voltage
change on the deflection plates). To overcome this decrease, we must in-
crease the deflection voltage accordingly.

The deflection factors of the vertical and horizontal plates need not
necessarily be the same. In the 7JP4, for example, the foregoing figures
(31 to 41 volts) represent the deflection factor of the vertical plates. The
horizontal plates have a deflection factor of 25 to 34 d-c volts/in./kv.

Deflection sensitivity is given as 0.71 mm/volt/kv for the vertical plates
of a 7JP4. This means that with 1,000 volts on the second anode, 1 volt of
difference between the vertical deflection plates will move the beam 0.71
millimeter on the screen. The average value of 0.71 is equivalent to a deflec-
tion factor of 36 volts.

To change from one set of units to the other, take the deflection factor in
d-c volts/in./kv and divide it into 25.4 (the number of millimeters in one
inch). The result is the deflection sensitivity in mm/volt/kv. To convert
from the deflection sensitivity (in mm/volt/kv) to the deflection factor, we
divide 25.4 by the deflection sensitivity. In other words,
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25.4 . .
Deflection factor — Deflection sensitivity

D-c volts are specified to avoid the confusion which might exist if a-c¢
voltages were stated without specifying whether the values were peak, aver-
age, or rms. As an indication of the total amount of deflection voltage
necessary, the 7JP4 tube requires 186 to 246 d-c volts to move the electron
beam 1 in. horizontally, with a second-anode voltage of 6,000 volts. To
cover the entire 7 in. the large value of 1,302 to 1,722 volts would be re-
quired. With alternating voltages, this is the peak-to-peak value, because
the positive portion of the signal swings the beam across one half the
sereen and the negative portion of the signal swings it through the other half.

Centering Controls for Electrostatic Deflection Tubes. The clectron
beam, when not subject to any deflecting voltages, should hit the fluorescent
screen at its center. In this position, a synunetrically placed image will
result when the deflecting voltages are applied to the plates. In practice,
stray electric and magnetic fields, or distortions of fields within the tube
itself, may interfere and cause the beam to be displaced from the center
position. In order to correet this condition, positioning controls for the ver-
tical and horizontal plates are generally available at the back of the
receiver,

A popular method for applying correcting voltages to electrostatic de-
flection plates to center the beam is shown in Fig. 9-7. A high fixed voltage
is placed on one vertical and one horizontal deflection plate from a tap be-
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Fic. 9-7. Vertical and horizontal centering controls,
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tween two 50,000-ohm resistors. In parallel with these two resistors are two
500,000-ohm potentiometers, the center arm of each going to the other ver-
tical and horizontal deflection plates. When the arms of the potentiometers
are in the center position, there is no d-c¢ potential difference between the
plates of the horizontal and vertical sets. A balance exists. Any change
in the position of these potentiometer arms, however, will make one plate
more positive than the other of the set and bend the electron beam in the
desired direction. The deflection voltages for the image are applied sepa-
rately, as shown, with large resistors placed in the centering leads to act as
connecting resistors to couple the deflection voltages to the plates themselves.

Magnetic Focusing. The preceding discussion has been concerned with
clectrostatic methods of focusing and deflecting the eleetron beam. The
same operations may be performed as well magnetically. However, before
any circuits are discussed, it would perhaps be advisable to review the action
of magnetic fields on moving electrons.

It is well known that a wire carrying a current has a circular magnetic
field set up around it, as shown in Fig. 9-8(A). Suppose the wire is placed
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% Another magnstio Current leaving
¥~ Circular magnetic (s Forc wire
«~/ lines of force \ ‘:)n'
> wire
\! — .
(___/, o
Current Magnetic @
e
e \Wagnti )
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(A) (B) (c)

NO FORCE ON WIRE

Fic. 9-8. The action of a wire carrying current when placed in a magnetic field.

in a magnetic field paraliel to the magnetic lines of force. See Fig. 9-8(B).
There will be no interaction between the magnetie lines of the field and those
set up by the wire. Why? Because the two fields are at right angles to each
other,

For the opposite case, illustrated in Fig. 9-8(C), the current-carrying
wire is placed at right angles to the field lines of magnetic forece. Above the
wire the lines of both fields add; underneath the wire they oppose and tend
to cancel. Experiment indicates that a resulting force will act on the wire
in such a way that it moves from the stronger part of the magnetie field to
the weaker part. This is indicated in the figure. The illustration represents
the two extreme angles that the wire and the field can make with cach
other. Intermediate positions (those between zero and 90 deg) will cause
intermediate values of force to act on the wire.
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The transition from a wire carrying clectrons to the electrons themselves,
without the wire, is quite simply made. With only electrons moving through
space, the same circular magnetic field is set up about their path. From
the preceding discussion, we know that electrons traveling parallel to the
lines of foree of an additional magnetic field experience no reaction from this
field. On the other hand, if they enter the magnetic field at an angle to the
flux lines, a force will be brought to bear on them and their path will be
altered.

It is well to reiterate that for an electron to react with a magnetic field:
(1) the electron must be moving, otherwise it does not generate a magnetic
field; and (2) the moving electron must make an angle with the magnetic
field in which it is traveling,

Now let us apply these considerations to magnetic focusing. The focusing
coil is slipped over the neck of the cathode-ray tube and placed beyond
the first anode. The first-lens system remains essentially as in the eclectro-
statically controlled tubes previously deseribed; it still converges electrons
to the erossover point. From this point, the clectrons spread out and the
focusing action of the coil begins to function. The foeus coil, then, represents
the sccond lens in electromagnetic tubes. An aceelerating anode (anode no.
2) is positioned close to anode no. 1 to accelerate the beam down the tube and
also to provide a means of removing ions from the beam. (More is given on
this point presently.) The accclerating anode is connected internally to the
aquadag coating (Fig. 9-9) and receives its voltage from the coating. The
latter, in turn, obtains its potential via a metal cavity or a ball-insert
terminal located on the side of the glass bulb.
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Fig. 9-0. The internal construction of an electromagnetic deflection-and-focus tube.
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The field of the focusing coil is parallel to the axis of the tube and is
generated by direct current flowing through the coil. So long as the elec-
trons leave the crossover area and travel down the tube along the axis, the
magnetic lines do not interfere with their motion. However, many electrons
tend to spread out beyond the crossover region, and it is on these electrons
that the magnetic force reacts because they are moving at a small angle
to the magnetic flux lines.

The path taken by electrons that are acted on by a magnetic field can
be more easily understood if it is recalled that the resulting force on the
clectrons is at right angles to both its motion and the magnetic field. This
force, as shown in Fig. 9-10(A), causes the electrons to move in a circular

Path for elsctrons

above axis Focusing coll

Helical path

\Path for electrons
below axis END VIEW
(A) (8)

Fi. 9-10. (A) Electrons cutting across magnetic lines of force are made to move
in a circular path. (B) If, however, they are also subjected to an electrical force
urging them forward, their resultant path will be helical.

path. In this way the force on the electrons, the clectron motion, and the
magnetic force are always at right angles to each other.

Apply these ideas to the action inside the cathode-ray tube. As the elec-
trons leave the crossover point at small angles to the magnetic field, they
are subjected to a force that tends to make them turn in a circle. But at
the same time that they are being forced to travel this circular path, they
are also speeding forward. The resulting motion of the electrons is known
as “lelical” and is similar to the action of a screw being turned into a piece
of wood. It rotates while moving forward. Figure 9-10(B) may aid the
reader to visualize the motion.

The electrons that are acted on by the magnetic field all come from the
crossover point that is situated on the axis of the tube. The minute they
leave this point at an angle, the magnetic force starts to act, forcing them
to move in a circular path back to the axis again. In the cathode-ray tube
they are, at the same time, also moving forward; hence when the circular
path is completed the electrons will again be on the axis of the tube some
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distance away. The exact position down the tube where the electrons return
to the axis is dependent upon the strength of the magnetic force and the
forward velocity.

By suitable variation of the intensity of the magnetic field, it is possible
to have the electrons return to the axis of the tube exactly at the screen.
The beam is now focused. The greater the speed of the electrons, the
stronger the magnetic field required. Thus, any changes that affect the
veloeity of the electrons, for example, varying the first-anode voltage, will
also require readjustment of the current through the focusing coil.

To review the process, we find that the magnetic field causes the outgoing
clectrons from the crossover region to travel in helical paths that will force
them back to the axis again. With proper adjustment of the magnetic-coil
current, the electrons complete their circular path at the sereen. Here they
meet the other electrons that travel straight along the axis (and are not
affected by the magnetic field) and a well-defined spot results.

At other values of the magnetic field defocusing occurs. As an exeep-
tion to this statement, it should be mentioned that by continually increasing
the strength of the magnetic field, the eleetrons can be made to do two (or
more) complete revolutions before striking the sereen. As each complete
revolution brings the beam to the sercen, a focused spot will appear. This
process can be continued as long as the magnetic coil will carry current.

It would appear from the preceding discussion that the magnetic field
must extend all along the tube in order that the clectrons will always be
under its influence. Their path will then be helieal, as deseribed. However,
for practical applications, only a small iron-core coil is slipped over the
neck of the tube. This is shown in Fig. 9-11. The electron beam is thus

Fig. 9-11. A focusing coil.
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subjeeted to the magnetice foree for only a short time. During this period it
is given enough of a twist so that it will move toward the axis; the forward
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Fii, 9-12. A permanent magnet (PM)
focus unit. The additional shutter handle
permits centering of the picture.

motion then keeps it traveling along
this path. The motion now is not
truly helical, but the end result is
satisfactory.

It will occur to the reader that
magnetic fields need not necessarily
be obtained from coils only. Perma-
nent magnets (PM) are also suitable
and these are extensively used. One
type of PM focus magnet is shown
in Fig. 9-12. The unit consists of
three (sometimes four) small bar
magnets which are placed along and
around the axis of the tube neck. The
magnets are equally spaced and held
in position by two disclike pole picees
made of a low-earbon steel. The mag-
nets are mounted with similar poles

at the same end. Thus, the flux lines
joining the ends of the magnets pass through the tube along its axis. Focus-
ing is accomplished by the interaction of these flux lines with the electron
beam passing down through the tube.

To permit variation of the magnetic focusing field, one or two shorting
serews are threaded into one of the end dises. The serew provides a path of
lower magnetic resistance (i.c., less reluetance) for the lines of foree, thereby
tending to shunt them away from the tube. The magnetic field through
the center of the device decrcases as the serew is turned in. Turning the
serew out has the opposite effect.

Another type of permanent foeus magnet is shown in Fig. 9-13. It is
similar to the unit in Fig. 9-12, except that flux variation through the tube is
achieved by a sliding steel collar controlled by a lead screw at the end of a
flexible shaft. By rotating the knurled serew at the end of the shaft, either
clockwise or counterclockwise, the steel collar can be moved back and forth.
The end of the serew drive extends beyond the back cover of the receiver,
permitting focus adjustments to be made without the necessity of removing
the back cover.

Electromagnetic Deflection. It is possible to deflect electrons by either
magnetic or cleetrostatic ficlds. Electrostatic deflection has already been
deseribed and magnetic deflection will now be considered. Actually, little
new need be added to understand the action of deflection coils on the elec-
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Fic. 9-13. A P)M focusing unit using a movable collar for focus adjustment,

tron beam. Two sets of coils are placed at right angles to cach other and
mounted on the section of the tube neck where the eleetron beam leaves the
focusing electrode and travels toward the screen. There are four coils in
all (two in cach set), with opposite ones comprising one set. These are con-
neeted in series in order to obtain the proper polarity. See Fig. 9-14(A).
Figure 9-14(B) shows the actual
physical placement of the defleetion ' L > HOR.
coils. For horizontal defleetion, the eoils ‘ —— [
are vertically placed, whereas, for verti- l
cal deflection, the coils are horizontally
mounted. This reverse placement of the Tube neck
coils is due to the fact, stated above, I
that the force on traveling clectrons in
a magnetie field is at right angles to ;
both the direction of motion and the ‘ — (%
lines of the field. After the coils have
been oriented, sawtooth-shaped current J

oo

. . g~ '
variations are sent through them. The  yesr VERT.
magnetic-ficld flux follows these current Fic. 9-14(A). Arrangement of coils
changes and causes the eleetron beam to for electromagnetic deflection.

move back and forth (or up and down)
across the sereen, sweeping out the desired pattern.

The entire asscibly of deflection coils is known as a “deflection yoke.”
Two typical commercial units are shown in Fig. 9-15. Note how the forward
windings lap over the front edge of the yoke housing, The voke is thus
positioned right up against the flare of the tube in order to achieve complete
coverage of the full screen area. This is particularly important for wide-
angle tubes (110 deg or more).




250

TELEVISION

SIMPLIFIED

The deflection windings in Fig. 9-14(B) are shown wound uniformly;
that is, there is no variation in winding thickness from end to end. This type
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Fic. 9-14(B). The actual physical
placement of the defleetion coils about
the neck of the picture tube.

HORIZONTAL

of winding was characteristic of the
yokes employed when narrow-angle
picture tubes were prevalent. As the
deflection angle increased, it was found
that the magnetic field produced was
not uniform, particularly when the
beam was deflected toward the edges
of the raster. Visually, an elongated
spot was produced, tending to develop
an out-of-focus condition.

A more uniform field is developed
when a cosine-type winding is em-
ployed. In this arrangement (Fig. 9-
16) the thickness of a deflection wind-
ing varies as the cosine of the angle
from a central reference line varies.
(For horizontal windings, the refer-
ence line ig the horizontal line through
the center of the yoke. For vertical
windings, it 1is the vertical line.)

Nearly all present-day yokes are wound in this manner or in a cosine-

squared fashion.

The reader should not become eonfused by the seemingly different actions
of the focusing and deflection coils. At first glanee it might appear that one

Fi6. 9-15. Two typical deflection yokes. (Left) A 70-deg deflection unit is shown.
(Right) A 110-deg unit. Note how the 110-deg yoke windings flare out.
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coil (the focusing coil) twists the electron beam around so that it ends up at
the sereen in focus, while the other coils (the deflecting coils) only cause the
beam to move cither to the right or left
or up and down. Actually the action of —HIRZONTAL
all the coils is the same; the only differ-
ence lies in the manner in which they
affect the beam. At the focusing coil,
the magnetic lines of flux are parallel to
the axis of the tube and the clectrons
that are moving away from the axis of
the tube are subjected to a strong twist-
ing forece that turns them back to the  verTicaL HORIZONTAL
axis. Their forward motion, given to WINDING WINDING
them by the positive first anode, and F16- 9-16. The appearance of co-
sometimes by an intensifier ring, keeps sinc windings in a deflection yoke.
) D Note the uneven thickness of each
them moving toward the screen. winding.

At the deflection coils, the magnetic
ficlds are at right angles to the path of the beam. The beam, in moving
through these ficlds, has a force applied which is at right angles to the
forward motion of the electrons and the direction of the magnetic lines of
foree. Here the cffeet of the field is not as great as at the focusing coil, and
the beam is merely deflected rather than bent all the way around into a
circular path. The influence of the ficld ends when the electrons pass the
yoke, but any sideward or up-and-down motion imparted to the clectrons
while in the field is retained. By varying the direction of the flow of current
through the vertical- and horizontal-deflection coils, it is possible to reach
all points on the screen. This type of deflection is used with all present-day
television picture tubes.

When a yoke is inserted over the neck of the picture tube, it is very easy
to position it so that the image is not properly oriented. This is indicated
in Fig. 9-17. In this case, correction may be accomplished by rotating
the yoke until the image is again properly positioned.

Figure 9-18 illustrates the proper positions for focus, deflection, and ion-
trap coils on the neck of a picture tube. The ion trap will be discussed
presently.

Beam-centering in Electromagnetic Tubes. In electrostatic deflec-
tion and focus tubes, beam-centering is accomplished as shown in Fig. 9-7.
This is essentially the only method employed. In electromagnetic tubes, a
number of beam-centering methods have been employed.

In one system, a small d-c voltage is applied to the horizontal-deflection
windings of the yoke. The amount of voltage actually impressed across the
coil windings is regulated by a potentiometer. The current resulting from

VERTICAL
WINDING




252 TELEVISION SIMPLIFIED

Fie. 9-17. Image incorrectly positioned beeause of improper placement of deflection
yoke.

this voltage will produce a magnetie field, and the strength and direction
(or polarity) of this field will eause the beam to move. If the current flows in
one direetion, the beam will be shifted one way; if the current flows in the
other direction, the beam shift will likewise reverse, A similar arrange-
ment in the vertical-deflection winding enables the user of the set to shift
the beam up or down,

Note that this d-¢ centering current is in addition to the vertical- and
horizontal-deflection currents that also flow through the yoke windings
and swing the beam across the screen. The d-¢ current is steady, and the
beam shift it introduces is fixed. The reader may consider this is analogous

Fig. 9-18. The positions for a deflection yoke, focus coil, and ion trap on the neck
of a eathode-ray tube.
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to the d-c bias on a tube. Incoming signals then vary above and below this
bias.

Picture-centering can also be accomplished by mechanieal positioning
of the focus coil. In the arrangement shown in Fig. 9-19, three centering
serews enable the serviceman to tilt the axis of the foeus coil (or magnet) in
one of several different dircetions until the focus-magnet field dircets the
beam to the center of the sereen.

ONNECTION
PICTURE g
CENTERING FOCUS OEFLECTION —ADJUSTMENT
SCREWS con YOKE /— WING NUT
LOCKING =
SCREWS ] Vi Oj

CLAMP TYPE
ION TRAP

PICTURE TUBE
SOCKET

PICTURE
TuBE

GROUNDING
SPRING

Fig. 9-19. Three centering screws permit the axis of the focus coil to be tilted in
onc of sever:l directions until the beam is centered.

A system of centering widely used with permanent magnets is shown in
Fig. 9-13. A metal plate is fastened onto the foeus magnet. Some centering
plates contain a locking screw which must be loosened before center-
ing; others are held in position by frietion. Up-and-down adjustment of the
plate moves the picture from side to side; sidewise adjustment shifts the
picture up and down. Electrically, the plate modifies (i.e., distorts) the
distribution of the PM field until the desired beam-shifting is achicved,

Magnetic Deflection with Electrostatic Focus. When commercial
television was getting started in the United States, in 1946, electrostatic
focus and deflection tubes were manufactured in great quantity. The most
popular of these tubes were the 7.JP4 and, to a lesser extent, the 1011P4.

The chief drawbuack of clectrostatie deflection (as compared with electro-
magnetic deflection) is that, for tubes with screens larger than 7 in., the
amount of deflection voltage required is considerable. Since it is cheaper to
develop high currents rather than high voltages, the trend turned toward
electromagnetic deflection.

However, in late 1950, the outbreak of hostilities in Korea foreed the
government to issue orders restricting the use of certain eritical metals.
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Among these were aluminum, nickel, cobalt, and copper, all of which are
required in the manufacture of focusing magnets. Faced with this limita-
tion on the manufacture of receivers, the television industry set about find-
ing ways of climinating magnetic focusing. The result was a tube which
retained cleetromagnetic defleetion, but combined this with electrostatic
focusing. This approach has proved so suceessful that it is now the most
widely used method emploved in television picture tubes. Electrostatic
focusing is particularly suited to wide-angle tubes because the beam pro-
duced by the gun is smaller in diameter and there is less defocusing when
the beam is swung to the edges of the raster. Also. this form of focusing is
useful to short guns by eliminating the external focus magnet.

A cross-secetional view of an eleetrostatic focus gun is shown in Fig. 9-20.

DEFLECTING
CENTERING YOKE

ION-TRAP
MAGNET

AQUADAG
COATING

\
| - \ cmo‘sB
GRID™2 ION

BEAM

LASS NECK
SECTION

Fig. 9-20. Internal structure of new clectrostatic focus tube. Deflection is accom-
plished magnetically.

Grid no. 1 is the control grid. Grid no. 2 is the same as anode no. 1 previ-
ously shown.* Girid no. 3 serves the same purpose as the accelerating anode
in Fig. 9-9. It contacts and operates at the high potential of the aquadag
coating,

The new clements, grids no. 4 and 5, provide the focusing field which
focuses the eleetron beam. The voltage applied to grid no. 4 is lower than

* The labeling of the various elements in the gun assembly asx consecutive grids is
done frequently to simplify identification. Thus, the control grid is grid no. 1. The
first anode following this is grid no. 2. The second anode ix grid no. 3, ete. Note that
this change in name does not in any way alter the function or construction of the
electrodes.
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that which grids no. 3 or 5 receive and it is frequently made variable to
permit adjustment of the focus voltage to the proper value. Grid no. 5
(which strueturally surrounds grid no. 4) is conneeted internally to grid
no. 3 and operates at the same potential as no. 3,

The voltage applied to grid no. 4 depends upon the manner in which
grids no. 3, 4, and 5 are constructed. The first cleetrostatic focus tubes
manufactured required that the potential of grid no. 4 be on the order of
20 per cent of the accelerating (or sccond-anode) voltage. This meant that
voltages between 2,000 and 3,000 volts had to be made available. A special
potentiometer, inserted in this circuit, permitted adjustment of this voltage
for sharpest picture focus.

In subsequent designs it was found that, by constructing grids no. 3,
4, and 5 to closer tolerances, the necessary focusing action could be obtained
with voltages on the order of 300 to 400 volts. These latter values can be
obtained directly from the low-voltage power supply, avoiding the special
circuit required when several thousand volts are needed.

It is also possible, by modifying
the struecture of grula: no..3, 4, and 5 CATLOODE .
to the form shown in TFig. 9-21, to GRID CYLINOER (GRID #4)
obtain the proper focusing action with *3% ~1-GRID #35
zero potential on grid no. 4. Now, no  — — — —— — . — . —. —_

external voltage or focusing poten- | [

tiometer need be used.
. Sinee the foeus m.ugnot is dispensed Stk O T el o AT e

with on cleetrostatie foeus tubes, a of grids no. 3, 4, and 5 in the zero-foeus

new centering magnet is provided to tube,

center the pieture on the sereen. Sce

Fig. 9-22. The magnet assembly is in the form of two rings mounted on a

nonmagnetic form which is placed around the neck of the picture tube and

at a distance of about 3% in. back of the deflection yoke.

Guns for Short-neck Tubes. As we shall sce presently, the deflection
angles in picture tubes have inereased steadily in order to permit the overall
length of the tube to be reduced. See Fig. 9-25. In time, attention also was
directed toward reducing the length of the neck of the tube where the clee-
tron gun is housed. To achieve this reduction in length, it became necessary
to modify the gun structure itself. Several modificd gun assemblies have
been developed and undoubtedly others will follow. However, it is of interest
to know what has been done, and this is diseussed below. In both instances,
electrostatie focusing and eleetromagretie defleetion are retained.

Phileo has been able to reduee the overall length of the gun structure
shown in Fig. 9-23(A) by almost 2 in. The first step in achieving this was
obtained by mounting the filament, cathode, and control grid (G,) hori-

HIGH
ACCELERATING
VOLTAGE
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Fic. 9-22. Close-up view <howing centering device for electrostatie focus tubes. Ion
trap is also evident at left,

Courtesy G.E.

zontally rather than vertically. See Fig. 9-23(By. The cathode structure is
similar to that used in a reeeiving tube. Two spaced mica plates provide
support for the clements. This helps remove about % in. from the conven-
tional gun structure. The remaining savings is obtained by shortening (73
and (/5.

As an interesting sidelight, it was found that as the neck of the ecathode-
ray tube is shortened and the gun elements approach the yoke, a point is
reached where the deflection field interacts with the focusing field produced
by the electrostatic lens; as a result, the picture appears soft and defocused
near its edges. To reduce this effect, eylinders 7y and (75 are made out of
permeable steel. The permeable steel acts as a magnetic short eircuit for
the yoke field, preventing it fromt reaching the electron beam which travels
unmolested inside the eylinders.

A slightly different approach is taken by Sylvania tube engineers. They
utilize the arrangement shown in Fig. 9-24. The cathode and control grid
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Fia. 9-23. Phileo was able to reduce overall length of standard 100-deg gun strue-
ture (A) by almost two inches to produce gun structure in (13).

(/1) resemble these same elements in any of the previous guns. These are
then followed by a cup-shaped no. 2 grid, a short eylindrical no. 3 grid, and
a cylindrical anode. FEach of these elements has a different voltage, with the
final grid connecting to the internal conductive coating of the tube.

The voltages applied to (4, G,
and the anode all determine the 62 G ANODE
foeusing of the beam. It is possible to g K
apply fixed voltages to any two « <

clements and vary the third voltage
to focus the beam at the sereen. For
optimum receiver design, this focus T
voltage is best obtained from a poten- 500V
tiometer, The size of the heam spot
at both low and high current is about
the same as in standard tubes.
Tube Length. In clectromagnetic deflection tubes used before World
War II, the deflection angle of the clectron beam was 40 deg. Following

N
H
H
f

ov

Fig. 924, The gun structure developed
by Sylvania for their short-neck tubes.
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the war, the deflection angle was raised to 50 deg, then 60 deg, 70 deg, 90 deg.
Nearly all the tubes now made are 110 deg. See Fig. 9-25. The increased
deflection angle results in a shorter overall length and therefore permits the
use of relatively large screen tubes in exceedingly compact cases. True, the
increase in deflection angle means greater deflection currents, but this has
been met in large measure by improved operating efficiency in the deflection
circuits.

1950 1981 1983 1954

ANYAYaN

|
C i I ’ )

T T — _4|. — S — 4
20° 70° . 21°70° 21°72° 21" 90°
OVERALL LENGTH-212 OVERALL LENGTH-23° OVERALL LENGTH-23° OVERALL LENGTH-20°
1957 1959 1960

i
21" i0° 23" 114"
OVERALL Lzmmc-u{ OVERALL LENGTH-I5" OVERALL LENGTH-14"

Fic. 9-25. An illustration of how the physical dimensions of picture tubes have
changed through the years.

Cathode-ray-tube Screens. Everything that has been done to the elec-
tron beam in the discussion thus far has been done with two ideas in mind:
to have the beam focus properly on the screen and to send it to different
parts of the screen as well. Now let us consider the screen itself.

An electron gun, once constructed, can be subjected to considerable mis-
use without being permanently affected. On the other hand, failure to grasp
the significance of certain precautions required to protect the fluorescent
screen can readily result in a shortened period of usefulness and/or un-
satisfactory operation throughout the life of the tube.
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The phenomenon by which certain substances convert the energy of an
electron beam into visible light is known as “luminescence.” Luminescence
is further divided into “fluorescence” and “phosphorescence.” Fluorescence is
luminescence which ends when the exciting agent is removed. Phosphores-
cence is luminescence which exists after the exciting agent is removed.
Technieally, then, the sereens used in television should be called “phosphores-
cent sereens,” and, indeed, the crystalline substances used for these screens
are known as “phosphors.” Unfortunately, however, the word “fluorescent”
has become so widespread that one seldom hears the other, proper name. A
tabulation of the most common phosphors in use in oscilloscopes, television
receivers, and radar equipment is given in Table 9-1. For television, a

TaBLe 9-1. Common phosphors used for oscilloscopes, television receivers,
and radar equipment.

' Emission Color
Phosphor Fluo- Phospho- Persistence | Application
rescence rescence
P-1 Yellowish ~ Yellowish | Medium Cathode-ray oscillographs
green green and radar ‘
| P2 Yellowish  Yellowish | Medium Cathode-ray oscillographs ]
green green
P-3 Yellowish  Yellowish | Medium ‘
orange orange i 7
| P4 White White Medium to | Monochrome television |
medium picture tubes
. short
P-5 Blue Blue Medium short | Photographic recording
P-7 White Yellowish | Blue, medium | Radar
green short,
Yellow, long
P-12 Orange Orange Long Radar
P-15 Green Green Visible, short | Television pick-up of
Ultraviolet, photographs by flying-
| very short spot scanning
P-18 | White White Medium Low-frame rate television |
P-19 | Orange Orange Long Radar
I P-22 | Tricolor Medium Color television
I phosphor { 1
| | screen ‘
P-24 Green Green | Short Flying-spot scanner tubes
P-26 Orange Orange | Very long Radar
| p-27 Reddish Reddish Medium ' Color television monitor
| orange orange | service ‘
P-28 Yellow Yellow [ Long Radar
green green

Courtesy Electronics Magazine
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combination of zine sulphide and zinc beryllium silicate is used, this combi-
nation giving higher conversion efficiency than most other known compounds.
It is interesting to note that the electron beam remains at any one point
for approximately 0.1 s, yet the light emission continues 2444 to 34 sec,
indicating that the zinc sulphide and zinc beryllium silicate are responsible
through their phosphorescence for practically all of the emitted light seen

by the observer. A typical persistence curve for zinc sulphide is shown in
Fig. 9-26.

INTENSITY
[}

[-X~]

1 1 1 1
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Fig. 9-26. A persistence curve for zine sulphide, commonly used in P4 television
screens.

The principal objective in the design of a cathode-ray tube is the pro-
duction of an image having good brightness and high contrast. When the
electron beam strikes the back side of the fluorescent scereen, the light which
is emitted distributes itself in the following approximate manner:

50 per cent of the light travels back into the tube
20 per cent of the light is lost in the glass of the tube by internal reflection
30 per cent of the light reaches the observer

Thus, of all the light produced by the electron beam (and this, itself, is a
highly inefficient process), only 30 per cent reaches the observer.

Image contrast is impaired because of the interference caused by light
which is returned to the screen after it has been reflected from some other
points. Some of these sources of interference are given here in the order of
their importance:

1. Halation
2. Reflections due to the curvature of the screen
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3. Reflections at surface of the sereen face
4. Refleetions from inside the tube

Halation. If we take a cathode-ray tube and minutely examine the
light pattern produced by a stationary clectron beam, we find that the
visible spot is surrounded by rings of light. These rings of light are due to a
phenomenon known as “halation.” See Fig. 9-27. The light rays which leave

~\

et a S T S

vACUUM SIDE FLUORESCENT SCREEN

AR SIDE

GLASS
£FACE

Fic. 9-27. Retleetions between the two sides of the glass can eause halation.

the fluorescent erystals at the inner surface of the tube face travel into the
glass and are refracted. Those rays which make an angle greater than 6 do
not leave the glass when they reach the outer surface, but instead they are
totally reflected back into the glass. At each point where these reflected rays
strike the fluorescent erystals they seatter, and it is this seattering of the rays
that produces visible rings on the sereen. These rings cause a hazy glow in
the region surrounding the beam spot and reduce the maximum possible
detail contrast. Contrast, it will be reealled, is the ratio of the bright-
ness of two points, one of which is being bombarded by the electron beam,
the other of which is under cutoff conditions. It is desirable to have this ratio
as high as possible in order to achieve rich-looking” or high-quality images.
Due to the scattering of the light, however, areas which should be in total
darkness receive some light, and the result is a reduction in the contrast ratio.
A distinetion is usually made between the detail-contrast ratio, and the
over-all field contrast. The field-contrast ratio compares two sections of the
sereen which are widely removed

from each other. Halation affects

only detail contrast. geeruL plaMETER

Reflections Due to the Curya- /’&d,
ture of the Screen. Reflection EMITTING AREA o~

arising from the curvature of the Fig. 9.98. Diffusion effects in nonflat
gereen, as shown in Fig. 9-28, cause sereen.

loss in contrast. The remedy is the

use of a flat screen. Much progress has been made in this direction since
the sereen curvature greatly restricts the useful image arca.
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Reflections at Surface of the Screen Face. Light rays, when traveling
from one medium to another, always lose a certain amount of energy at the
intersection of the two media. At the cathode-ray-tube sereen, some light is
reflected when it reaches the dividing surface between the air and the glass
of the tube. The reflected light travels back to the inner surface and then
back to the outer surface again. At each dividing surface, some of the light
continues onward and some is reflected back into the glass. Absorption and
dispersion quickly reduce the strength of these rebounding rays.

Reflections from Inside the Tube. In Fig. 9-29 we see how reflections
from the inside surfaces of the tube can act to decrease the field contrast

of the image. The loss in contrast
sPoT sPoT  from this source of interference can
be made quite low by a special
shaping of the walls of the bulb, as
shown in Fig. 9-29, and the use of the
black aquadag coating. The aquadag
coating is also useful for electrical
purposes; it acts as a shicld and a
path for the return of the secondary
Fic. 9-29. The shape of the tube can  ¢lectrons emitted from the fluorescent
reduce internal reflections. screen, Secondary electrons must be
cemitted by the screen, otherwise the
negative charge accumulation on the sereen would soon become great
enough to prevent the electron beam from reaching it.

One step taken toward improving screen brightness and contrast has
been the addition of an extremely thin film of aluminum on the back of the
fluorescent screen. The film is sufficiently thin to permit the electrons in the
scanning beam to reach the fluorescent crystals. It will prevent, however,
any of the light which is generated by the screen crystals from traveling
back into the tube. This is shown in Fig. 9-30. The light which previously
went back into the tube is now reflected toward the observer. This is one
improvement. In addition, the overall field contrast is improved as much as
10 times. However, the detail contrast is not noticeably affected since it is
governed primarily by halation, and the addition of the aluminum layer does
not affect this condition.

The metal film is extremely thin, being on the order of 3.500 X 10—%/cm
thick. Since even a layer this thin interposes a barrvier in the path of the
electron, it is essential that sufliciently high aceelerating voltages be used. In
Fig. 9-31 is shown the variation in the efficiency curves of sereens having
the metallie layer and those which do not. At low aceclerating voltages, the
loss of energy by the electrons in penctrating the layver deereases their

(4) (5
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Fic. 9-30. An aluminum backing over the fluorescent screen prevents light from
traveling back into the tube.
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efficiency® below that of similar electrons in tubes not possessing this layer.
The poorer efficiency continues until the curves interseet. Beyond this region,
the screen with the metallie layer proves to be quite superior to the ordinary
tube. The rapid rise in efficiency is due to a decrease in energy lost at the
metallic barrier plus an increase in the overall brightness due to the light-
resisting characteristies of the layer itself.

Sticking Potentials. An additional purpose which the aluminum film
serves is to prevent undesirable effects due to poor secondary emission from
the screen. The electrons in the beam, where they strike the screen, must
somchow be brought back to the cathode. The fluorescent crystals them-
selves are essentially nonconductors. If the eclectrons from the beam were
allowed to accumulate on these crystals, a point would soon be reached
where a negative charge would accumulate sufficiently to prevent any addi-
tional electrons from reaching the sereen. Originally, when tubes were first
built, a thin metal film was deposited on the glass face of the tube and the
fluorescent screen coated on this film. The metal film was connected to the
sccond anode, therchy assuming the same potential. When the electrons hit
the fluorescent coating, they continued through to the metal film.

Further investigation revealed that, without the metal film, the tube
would still work beeause of the secondary cmission from the sercen. When
they hit the fluorescent sereen, the beam electrons imparted sufficient energy
to the screen clectrons to cause them to leave the sereen. These emitted
clectrons reached the aquadag coating on the walls of the tube and by this
path were conducted back to the cathode. The removal of the metal film
was a significant step forward toward obtaining a brighter image.

The return of the electrons by sccondary emission was not without limita-
tions. First, the number of secondary electrons emitted depended upon the
velocity of the arriving beam electrons. If their velocity was too low, there
was no secondary emission and the tube would not function in a satisfac-
tory manner. With the stepping up of the beam velocity, secondary electrons
are emitted, with good tube operation, to the point where there are just as
many clectrons arriving at the sereen as are leaving. Beyond this, additional
increase in beam velocity will produce no corresponding inerease in light out-
put. If it is found, for example, that the number of arriving and the number
of emitted clectrons at the screen are equal when the second-anode potential
is 8,000 volts, then raising this voltage to 12,000 volts will produce no greater
light output, despite the higher voltage. This eritical potential, at which the
ratio of secondary electrons to beam electrons becomes equal to 1, is known
as the “sticking potential.” Any further increase in beam veloeity will cause

* Ffficiency is expressed here in candle power of illumination attained for each watt
of electrical power expended. CP/W is an abbreviated notation for candle power per
watt.
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the ratio to decrease below 1, with the result that the screen aceumulates
sufficient negative charge to reduce effectively its potential to the eritical
point. No matter what the accelerating potential on the second anode may
be, the effective sereen potential cannot exceed its eritical value. Thus, if
the aceelerating voltage is 12,000 volts, and the eritical potential of the
sereen is 8,000 volts, then the light emitted from the sercen will be on
the basis of 8,000 volts, not 12,000 volts.

From the standpoint of sereen manufacture it is desirable to have the
critical potential as high as possible, certainly above the operating potentials
of the tube. The method of providing an aluminum film corrects many of
the defeets due to secondary emission difficulties and greatly increases the
range of substances which can be used for sereen phosphors. Previously,
cach material had to be earefully examined to determine whether its stick-
ing potential was of u suitable value.

Ion Spots. Another matter of considerable importance is the elimina-
tion of the ion spot in tubes using clectromagnetic deflection. No matter
how carefully a tube is degassed or how well a eathode-coating is applied, it
will be found that ions are present in the eleetron beam. These ions are
cither gas molecules which have acquired an eleetron or else moleeules of the
outside coating material of the eathode. These ions possess the same charge
as the ecleetrons and are sensitive to the same aecclerating voltages. In
tubes employing eleetrostatie deflection, the ions and the eleetrons are sim-
ilarly deflected and for all practical purposes may be considered as one.
However, when electromagnetic defleetion is employed, it will be found that
these heavier ions are hardly defleeted. As a result, they strike the center
of the sereen in a steady stream and, in time, deactivate the fluorescent
material in this arca. When the eleetrons in the seanning beam subse-
quently pass over this seetion of the sereen, no light is emitted. To the
observer this seetion appears as a dark pateh.

The reason for the difference in defleetion characteristies of the ion can
be obtained from the equations governing electromagnetie and electrostatic
defleetion. For eleetromagnetie defleetion, we have

_ DlLell
T o

d

where d = distance the beam is deflected on the sereen
D = distance from the deflection field to the screen
e = charge of particle deflected
I = strength of magnetic field
v = velovity of traveling particle
L = length of magnetice field
m = mass of particle
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For electrostatic deflection, the expression is

l I/' A S
d‘2'1«1'h<1)+2)

where d = distance the beam is deflected on the screen
V = potential difference between the defleeting plates
E = forward accelerating voltage of the tube (i.c., second anode)
S = length of the deflection plate
h = separation of the deflection plates from cach other
D = distance from the end of the deflection plate to the screen

In electromagnetic deflection the mass of the defleeted particle appears
in the equation; in electrostatic deflection it does not. Hence, the ions,
hecause of their greater mass, will receive less displacement than eleetrons
in clectromagnetic systems. However, when the mass of the partiele is not
important, ions and electrons receive similar treatment.

Bent-gun Ion Trap. Several means are used to prevent the ions from
reaching thie sereen. First there is the bent electron gun, shown in Fig.
9-32(A). The cathode, when heated, will emit ions and eleetrons and these
will be accelerated to the first and second anodes. However, the cathode
is inclined at an angle to the rest of the gun structure and both ions and
electrons would, if permitted to travel in a straight line, impinge on the
side of the electron gun and never reach the sereen. If a strong magnetic
field is placed in the path of the particles, it is possible to alter the paths of
the eleetrons sufficiently so that they travel toward the sereen. The heavier
jons, however, are not sufficiently deflected and as a result they bhit the side
of the electron gun. The magnetice field which causes this separation of ions
and elecetrons is obtained from a small coil or permanent magnet placed on
the outside of the neck of the tube, above the cathode. The ion-trap magnet
(or “beam bender,” as it is sometimes ecalled) is elamped onto the neck of
the tube in the position shown in Fig. 9-32(A).

FOCUS COIL
BEAM BENDER OEFL.COLS

AQUAOAG

...............................

{GRID NO. 2)
Courtesy RCA

Fic. 9-32A. A bent-gun ion trap.
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Diagonal-cut Ion Trap. Another approach to the prevention of ion
spots is the diagonal-cut ion trap. See Fig. 9-32(B). The electrons and
jons are emitted by the electron gun and are accelerated forward. The first
and second anodes are so designed that the gap between them is oblique. The
first anode has a low positive voltage; the second anode has a high positive
voltage. The clectrons, as they leave the cathode, are attracted forward by

BEAM BENDER FOCUS COL
DEFL coLs
/ \AQUADAG

COATING

CONTROL zuo ANODE

GRID
—l ."1_¢.,_-«.~ LS TG e 10 SCREEN
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)
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(GRID NO 2}
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Fic. 9-32B. A diagonal-cut (or slash-field) ion trap.

the first anode. However, the oblique gap between the first and second
anode causes the cleetrie ﬁvld here to become warped and the electrons and
ions crossing the gap are bent in toward the second anode. With no other
forees applied, the electrons and ions will strike the second anode and be
prevented from reaching the sereen.

However, if a magnetic field is introduced at right angles to the electrode,
the electrons receive a counterforee deflecting them upward and permitting
them to continue through the gun. The ions, because of their greater mass
and beeause the magnetie field searcely defleets them, strike the second
anode and are removed from the beam path.

The magnets are elamped on the tube stem in the manner illustrated in
Fig. 9-18.

The ion trap may operate clectromagnetically, with current flowing
through the front and rear ion-trap coils to provide the necessary magnetic
field, or the trap may contain fixed magnets of Alnico (Fig. 9-33).

It should be noted that the diagonal-cut (or slash-field) gun requires a
double magnet, whereas the bent gun utilizes a single magnet. In every
complete listing of picture tubes information coneerning the type of magnet
to use is generally ineluded.

Four types of PM double magnet-ion traps are in use. These are shown
in Fig. 9-34.

1. One type is held in place with two elamps, colored black and blue
and tightened onto the neek of the tube with two serews.
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Fig. 9-33. Fixed jon-trap magnets. (A) Single ion trap (B) Double ion trap
(Courtesy Quam-Nichols) (C) Adjustable =ingle ion trap (Courtesy J. W. Miller
Co.).

2. Another type is a ring containing a large and a small circular magnet
which slip over the neck of the tube,

3. A bar type has two square bar magnets that slip over the neek of the
tube.

4. A fourth is a friction-clamp type of trap.

The ion-trap unit should be placed on the neck of the tube with the
stronger of the two magnets over the first anode. In some units, the stronger
magnet will also be the larger one. In other units, the color code markings
indicated in Fig. 9-34 will guide the servieeman. Sometimes an arrow will be
found stamped into the holding plate of the magnet and, in such instances,
the unit should be positioned so that the arrow points toward the tube sereen.

After the magnet is in position, the set is turned on and allowed to
warm up.* Now turn up the brightness control and adjust the magnet by
moving it forward or backward, at the same time rotating it around the
tube neck until the brightest raster is observed on the sereen. Keep redueing
the brightness control as the system is brought into line. When adjustment
is complete, make certain that the ion trap is held tightly in position.

It may happen that when the raster is brightest, shadows will appear
at its sides or corners. Never correet for a shadowed raster with the ion-trap
magnet if such correetion results in deereased brightness. The ion-trap
magnet must always be adjusted for maximum brightness and, if shadows
oceur at this setting, they should be eliminated by adjusting the focus and
deflection coils.

Sometimes two brightness maxima are obtained in moving the ion trap

* The adjustment procedure given here is the same for single or double magnet traps.
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back and forth along the neck. The correet position to use is the one which
is closest to the base of the tube. The second maximum is usually obtained
when the jon-trap magnet is elose to the foeus eoil or magnet. The interaction
of the two magnetie fields is such that a brightness maximum is obtained in
this incorrect location. Tubes should not be operated with the ion-trap
magnet in this second position since possible camage to the tube may result.
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Fig. 9-34. Types of ion-trap magnets.

Metal-backed Screen Tubes. The third method of preventing ions
from reaching the sercen uses the aluminum layer mentioned previously.
The depth of penetration of any partiele is governed by the relationship,

Depth of penetration = I\("I:p
where K = constant
I'e = energy of particle
m = mass of particle
Since an ion has considerably more mass than an eleetron, its depth of pene-
tration is less. By properly proportioning the thickness of the metallic sereen,
the ions are excluded but the clectrons in the beam are able to pass through.
The trend, of late, has be