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PREFACE
TO REVISED EDITION

When the first edition of this book was published. T wrote of how much I
appreciated and recognized the contributions, guidance, and research of the
many who had contributed to the development of a practical television system
and whose work is necessarily a part of this television text. Today 1 must
extend my gratitude to many, many more organizations and individuals who
have since shared in the refinement and colossal growth of television. Despite
the impressive expansion of television broadcasting during the few years inter-
vening, its present status represents only a small percentage of its potential.

This edition of Television for Radiomen has becn revised thoroughly and
enlarged. The book should be even more serviceable in revision because the
author has included information on new developments in television and elimi-
nated sections which have been little used. New sections have been added
and two new chapters included that present comprehensive data on UHF
and transistors. The incrcasingly important subject of color television occupies
the entire, new, second part of the book.

It is hoped that the book will encourage the student of television to pursue
his studies diligently and that he will not become discouraged over inability
to understand all things quickly and completely. But few things in the universe
are understood with complete finality. We must learn to work with those phases
of television that we do not understand completely. As we work and observe
results, our knowledge and understanding increase.

It is essential that the television student develop the habit of having his
mind ready to pursue and accept new knowledge, even when he must inter-
pret an old subject differently in the light of new disclosures. He must study
continuously to keep abreast of new products designed to meet specified per-
formance levels in various price ranges. In a field of so many variables and
cost factors, a “best without reservation™ is almost a non-existent product.

Since there are so many differing circuit techniques, as functions of cost and
application, each variation cannot be detailed, even in a text of considerable
length. Our task has been to present materials necessary to the student in
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viii PREFACE TO REVISED EDITION

building the solid foundation and gaining the wide, thorough background he
will need if he is to progress with the science in the future.
In conclusion I want to thank Stanton Snyderman for preparation of the

fine illustrations for the revised edition and Dorothy Meeder for her helpful
assistance in stenographic work.

Epwarp M. NoLL



PREFACE
TO FIRST EDITION

Television For Radiomen was written to serve as a television text for
practical radiomen, and television students in the final semesters of their
studies. The text assumes a rather thorough basic knowledge of radio circuits,
and, if practicing radiomen have been away from study for some time, it is
advisable to review a good radio text. The material is arranged for progressive,
orderly study in a sequence which the author has found most effective for
classroom or writtcn-lesson prescntation of television. Treatment can be math-
ematical or nonmathematical depending on the scope of the course or the nceds
of the individual studying the text. Chapter 14 is a lengthy chapter on the
mathematical aspects of various television circuits and gives to those who have
the necessary background that added understarding necessary to handle effec-
tively television jobs of a more complex nature. At the same time, practicing
television technicians who do not require an extensive mathematical back-
ground can progress through the book without being impeded by mathematical
formulas, interpretations, and derivations. Reference is made at various points
in the text to the mathematical presentations in Chap. 14. As a further aid
to study, questions and a thorough bibliography follow cach chapter.

A technical author must necessarily feel humble when he reflects on the
creative labor, organization, and toil of the many persons who have contributed
to such a comprchensive field as television and, therefore, have contributed
to this book. And when he considers the numerous persons who have contrib-
uted to his own education and abilitics, he feels that only a little of himself,
excluding some tedious work, has gotten into the work. This author feels
indebted to many individuals and organizations.

For willing cooperation and permission to use manufacturers’ data special
thanks is given to the following men and the manufacturers they represent:
A. W.Bernsohn, A. Liebscher, E. L. Clark, R. S. Burnap of RCA, E. D. Lucas
of Philco, W. L. Parkinson of GE. A. C. Lescarboura representing Dumont,
J. F. Bigelow of Farnsworth, F. L. Uhrus of Motorola, A. B. Friedman of
JF.D,, R. K. Arbogast of Hickok, L. J. A. van Lieshout of Norelco and
S. Horbach of Brach.

ix



X PREFACE TO FIRST EDITION

I thank Mr. Byron Young for the very fine illustrations. For typing and
proofreading, 1 appreciate the careful work of the Kerner sisters, and Mrs.
Evelyn Bondy.

! am grateful for the help and encouragement of officials and members of
the faculties of Temple University Technical Institute and Trenton Technical
School, and to Mr. Avery Pitt of Old York Road Publishing Company.

It has been my good fortune to have the guidance of the fine group of edi-
tors who manage our radio trade journals—Lewis Winner of Service, Oliver
Read of Radio News, Fred Shunaman of Radio-Electronics, and Sanford
Cowan of Radio Service Dealer. | thank them for permission to use again
material which the author prepared originally in article form for these journals.
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C]lapter 1

AN INTRODUCTION
TO TELEVISION

1. The Approach

Television is not an involved, difficult subject—it is a comprehensive subject
which touches upon almost every aspect of clectronic circuits. It is actually a
giant orientation problem in which cach individual functicn must be pains-
takingly inserted into the complete system. Thercfore, text material must con-
sist of the fundamental approach, a discussion of the over-all system plus
general functions, and, finally, a detailed discussion of individual circuits and
how they fit into the entirety. This method of attack affords an ideal skeleton
for assembling the tclevision jigsaw because frst you obtain an over-all insight
into the system and, then, you discuss and insert each part into the whole.

To derive the most benefit from the text, proceed as follows:

1. Read over an entire chapter at one or, at the most, two sittings. Do not
worry about details but do read the chapter to obtain the most from it.

2. Start again at the beginning. This time study every sentence and word.
Really dig into it. Kecp notes on subjects understood with difficulty or not
clearly understood for future reference and review.

3. Answer questions carefully and to the best of your ability. If you are
weak on the questions, go over the chapter again.

4. Study illustrations. Frequently a descriptive illustration will tell you more
than many paragraphs of text.

5. Review often and thoroughly.

2. Basic System

Essential units of a basic, modern television system are shown in the block
diagram of Fig. 1. At the station location therc arc two transmitters, picture
and sound; at the receiver location, both transmitted signals are picked up by
a single receiver. The following paragraphs, numerically keyed to the block
diagram, will give you, the beginner in television, an initial, bricf insight into
the over-all functions of the various components of the systcm.

The picture or vidco signal released by the camera or pickup tube (film
iconoscope in Fig. 2) is a series of electrical charges which represent the light

1



2 AN INTRODUCTION TO TELLVISION [Ch.1

distribution of the object or scene televised. The light distribution of the object
(1) is gathered up by the lens system (2) and focused on the plotosensitive
plate (3) (called a mosaic) of the iconoscope (4). This mosaic is swept or
scanned by a thin stream of electrons from the electron gun (5) of the icono-
scope, progressively releasing in the form of electrical signals the light distri-
bution of the image. Video signal, thercfore, consists of a parade of electrical
impulses that are released by a high-velocity stream of electrons which scan

TRANSMITTER (12) RECEIVER
n
M (2 3) ; )\ (19)
CONTROL TRANS:
AMPLIFIERS MITTER

17
( ) SOUND | SPEAKER

/ L A CHANNEL[
7 (21)
VIDEO MODU- 20 J
AMPLIFIER LATOR

/ RF PICTURE VIDEO
(8) / SECTION[™ |, mpuigier| T AMPLIFIER
/ (10) /‘ (22)
SYNC, »
camera | |
GENER-
CIRCUITS ATOR | (16) (18)
S
13 14 (15 SWEEP - PicTURE
( {‘ ( \: { {‘T CIRCUITS TUBE
1
MICRO-,_| Aupio |, FREQUENCY TRANS:
PHONE ~ | AMPLIFIER AT I’_ MITTER (23)

FiG. 1 Functional Diagram of Basic Television System

across and down the image on the mosaic (Fig. 2). Thus, all points comprising
a television scene are not transmitted as an entirety but as a series of signals,
cach representing a very tiny area of the scene. However, they arc developed
at such high velocity and reassembled so quickly at the receiver that the human
eye views the scene as an entirety.

The signal from the camera tube is many times weaker than the output from
even the least sensitive microphone and must, consequently, be amplified by a
video amplifier (6) before it rcaches a useful level. Video output from this
amplifier is fed into another vidco amplifier, called a line-and-control amplifier
(7). Here it is combined with other signals necessary in the transmission of
television signals. These signals, called sync and blanking pulses, originate at
the sync generator (8) and synchronize, or keep in step, the entire television
system. Through the camera circuits (9) they control the electron-gun scan-
ning (5) of the iconoscope, and, at the receiver, they control the clectron-gun
scanning of the picture tube, keeping it in step with that of the iconoscope.
Thus we have a tightly locked-in system with all timing controlled by the
pulses from the sync generator.

The sound transmitter is a conventional frequency-modulation system con-
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sisting of audio amplifiers (13), frequency modulator (14), high-frequency
transmitter (15), and high-frequency antenna (16).

Picture and sounc signals are intercepted by the receiver anienna (17) and
conveyed to the r-f section of the receiver (18). At the output of the r-f sec-
tion, picture and sound can be separated. Sound i-f signal passes into a conven-
tional f-m limiter, discriminator, and audio system (19); picture, into the
picture i-f amplifier (20). At the output of the picture i-f amplifier and detec-
tor stages, two signais are present. One is the picture signal and blanking which
pass to the control grid of the picture tube (22). The second signal is the

INTENSITY TO WHICH ANY POINT

FLUORESCES DEPENDENT ON
IMAGE INVERTED STRENGTH OF SIGNAL APPLIE
ON MOSAIC HERE AT THAT INSTANT

SCANNING
UINES

SIGNAL APPLIED HERE KEEPS
SCANNING BEAM AT SAME RELATIVE

STREAM SIGNAL RELEASED FROM ELECTRON GUN POSITION ON FLUORESCENT SCREEN
OF ELECTRONS SIGNAL PLATE AT REAR AS RELATIVE POSITION OF
ELECTRON OF MOSAIC AS ELECTRON SCANNING BEAM ON PICK-UP
GUN BEAM PASSES OVER TUBE MOSAIC
FiG. 2 Scanning with Electrons Fi1G. 3 Scanning at Picture Tube

sync pulses which are fed to the sync and sweep circuits (23). Output from
this circuit controls the electron gun of the picture tube, causing it to scan the
fluorescent screen of the picture tube. See Fig. 3. The picture-tube screen
fluoresces or lights up in accordance with the parade of charges or picture
signal applied to its control grid. The point at which the sweeping stream of
electrons strikes the fluorescent screen must always be at the same relative
position as the point at which the stream of electrons at the pickup tube is
striking the mosaic image art that particular instant. This is the task of the
sync pulscs.

In summary, the relevision system has two primary functions: first, to gather
the picture information and deliver it to the receiver; and second, to release
this information in proper sequence at the picture tube. The latter of these
requirements is fulfilled by transmission of synchronizing signals which cause
the picture-tube scanning beam, releasing picture signal, to move in step with
the pickup-tube scanning beam, gathering picture signal. Thus the picture-tube
scanning beam is cirected, at all times, toward the same relative position on
its scanning raster as the pickup-tube bcam on the photosensitive mosaic.
Picture signals, therefore, strike the fluorescent screen in the same order and
at the same relative points from which they have been released from the mosaic
image.

It can be said that the threc major units of the television system (Fig. 4) are
pickup tube, picture tube, and transmitting medium. The transmitting medium
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conveys picture and scanning information between pickup and picture tubes.
Picture signal is gathered off the mosaic signal plate and conveyed to the pic-
ture tube to modulate the picture-tube beam. Scanning is locked in by syn-
chronizing the deflection systems of pickup and picture tubes with vertical and
horizontal synchronizing or “sync” pulses.

MEDIUM OF
TRANSMITTER TRANSMISSION RECEIVER

SYNCHRONOUS
SCANNING

PICTURE

PICTURE TUBE

Fi1G6. 4 Needs of the System

3. Frequency Bands

A single television channel is 6 megacycles wide; the entire commercial
broadcast band, 1 megacycle wide. One broadcast channel is only 10 to 20
kilocycles wide. The very wide television channel is nccessary to transmit
pictures with clarity and sharpness. This wide channel means television infor-
mation must be transmitted on very high frequencies to retain a satisfactory
ratio of carrier frequency to bandwidth.

The commercial television channels are allocated as follows:

Channel Number Frequency, megacycles
2 54-60
3 60-66
4 66-72
5 76-82
6 82-88
7 174-180
8 180-186
9 186-192

10 192-198
11 198-204
12 204-210

13 210-216
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Ultra-high-frequency channels 74-83 occupy a span of six-megacycle chan-
nels, from 470 to 890 megacycles.

Television frequencies have also been allocated up to thousands of mega-
cycles for experimental, relay, remote, color, high-definition, and educational
telecasting.

4. Standard Channel

A standard television channel, shown in Fig. 5, contains both picture and
sound carriers and their corresponding sidebands. Picture carrier and side-
bands occupy a much greater portion, approximately 534 megacycles, of the
total 6-megacycle band. The picture carrier is amplitude-modulated; the sound
carrier, frequency-modulated with a maximum deviation of plus and minus

PICTURE
| CARRIER
1.0 i i i
.04 |
H | : 1
wor | ! |
on:
5% 22 | | |
0% :83(‘ I T o
&y BG b AMC— —— AMC———1 !
054 ~ N 4 v : I me T 1 :
H i __9MC__ !
i : i ! = CHANNEL " ' |
1 ] [l 1 ]
Lo 1 Ve YaMC— e aMC———
Lol A 2 " | T t T
%075 05 1125 2 3 4 55.25'575 i |
- 4MmC —{ MmC o )
0L t
075MCle— g s MC——————— | : |
MIN ! 6 MC
6 MC F CHANNEL
FiG. 5 Signal Distribution. Standard Fic. 6 Reduction of Channel Width by
Television Channel Partial Suppression of One Sideband
pp

25 kilocycles. Figure 5 is scaled in terms of channel width, 0 to 6 megacycles.
For example, if we want to consider the distribution of signal for channel 2,
the zero point on the horizontal base line represents 54 megacycles, and the
6-megacycle point represents 60 megacycles. Thus, if we want to know the
picture-carrier frequency on channel 2, we add 1.25 to 54 (544-1.25

55.25); for sound-carricr frequency, we must add 5.75 to 54 (544 5.75

59.75).

Onc very unusual feature of the amplitude-modulated picture carrier is that
the high-frequency sideband is 4.5 megacycles wide and the low-frequency
sideband only 1.25 megacycles wide. This unsymmetrical distribution permits
transmission of a picture with better definition using only a 6-megacycle chan-
nel. It is called vestigial sideband transmission.

In the transmission of an amplitude-modulated broadcast carrier there is a
maximum total bandwidth of 16 kilocycles, or plus and minus 8 kilocycles
about the carrier frequency. which means the highest frequency audio compo-
nent transmitted is only 8 kilocycles, or 8,000 cycles. Thus, with a 16-kilocycle
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symmetrical channel, the highest audio component which can be transmitted
is 8 kilocycles. Likewise, the highest frequency picture component, leaving
spectrum for the sound carrier, which could be transmitted with symmetrical
television sidebands in a 6-megacycle chanuel is a bit more than 234 mega-
cycles. Inasmuch as there are many frequency components in the picture-
signal megacycles above 234, these components would be lost and the picture
would likewise lose in definition and sharpness. The modern television station
transmits components of signal up to 4 megacycles, or slightly more. For
symmetrical sideband transmission, this would require a 9-megacycle channel.

It is still possible, however, to transmit a 4-megacycle component in a
6-megacycle channel by partially suppressing one sideband (Fig. 6). Inasmuch
as all the required signal components arc present in one sideband, it is not
detrimental, if proper compensation is made at the receiver, 1o suppress one
sideband, or, in fact, to remove it altogether. However, inherent difficulties
encountered with single-sideband transmission are avoided by only partially
suppressing one sideband.

— > Pt

gé ) E g ‘g E g ) 2 g E

< = = [= Sa

s B & 8z OF iz g 38F 6
E kB ® i 8 £ o s ) °8 A%
s %% 5 SES Z3 =58 5 EC
(S — Q man i LT® Q (2] 1T}
2 54 54-5412 5412554 55Va 55V4-59V4 59v4-59% 59% 60
3 60 60-60Y2 6012-6114 61% 61%—65Va 65v4-653% 65% 66
4 66 66-661% 661267V 67va 6714-T71% Tiva-71% 71% 72
5 76 76-7614 76277V T7va T7v—-81Va 8114813 81% 82
6 82 82-8212 8215-8314 83Va 8314-87%4 87V4-87% 87% 88

Fic. 7 Signal Distribution on Five Lower Frequency Channels

The picture-carrier frequency is located at the 1.25-megacycle point in the
channel. The high-frequency sideband is flat to the 5.25-megacycle point and
then decays to almost zero in one-half megacycle. The low-frequency picture
sideband is flat to the 0.75-megacycle point and then decays to almost zero
in the remaining one-half megacycle. The half-megacycle bands in which the
amplitude drops off rapidly are known as guard bands. Sound-carrier fre-
quency is located at the 5.75-megacycle point and then, approximately, a
one-fourth-megacycle guard band exists to the high-frequency end of the
channel.

The distribution of signals on the lower five commercial television channels
is shown in Fig. 7. It is evident from the study of the television channel that
the antenna used to radiate the picture signal must not be sharply tuned to one
frequency but must be flat and have a uniform radiation over a wide band of
frequencies. Likewise, the receiver antenna must have a uniform sensitivity
over a still wider range of frequencies, for it must also be sensitive to the sound
carrier and sidebands.
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5. What's So Different about Television!
TRANSMITTER FREQUENCY

The television picture and sound transmitters are operated on frequencies
approximately fifty to two hundred times higher than the commercial broadcast
frequencies. Transmission on these frequencies is necessary to radiate the very
high-frequency modulation components of a picture signal. These frequencies
have approximate line-of-sight range; consequently, the area over which the
television signal can pe picked up is limited. Thus, antenna height and location
become as much of a problem as transmitter power.

FREQUENCY RESPONSES AND BANDWIDTH

The highest frequency audio component of the signal radiated by a com-
mercial broadcasting station is approximately 8000 cycles; the highest fre-
quency picture component of the signal radiated by a commercial television
station is in excess of 4 megacycles. Consequently, television transmitter and
receiver r-f, i-f, and video amiplifiers must have a uniform response up to this
limit. These requirements make the entire system broad. and circuits have low
gain and wide bandwidths instead of the convertional high gain, high Q cir-
cuits of broadcast practice. Television circuits are designed for maximum gain
and required bandwidth. It should be pointed out that the response of the sys-
tem may some day be in excess of 4 megacycles as the state of the art advances
and progress is made toward still higher carrier frequencies and color televi-
sion. For only by increasing the upper frequency response do we obtain
pictures of improved clarity and definition.

The bandwidth of a commercial broadcast station is 16 kilocycles; of a com-
mercial telecasting station, 6 megacycles. Antennas must be very broad to
radiate or intercept uniformly the extended sidebands. As the state of the art
advances and definition improves, the bandwidths will become correspondingly
broader. In fact, the broadness of the entire system (high video response and
broadness of i-f, r-f, and antenna eircuits) hinges on this one requirement—to
obtain a better picture, you need higher frequency components.

VESTIGIAL SIDEBAND TRANSMISSION

The sidebands of a commercial broadcast station are symmetrical; the side-
bands of the picture transmitter extend farther on the high-frequency side of
the carrier than on the low-frequency side. This system permits transmission of
4-megacycle definition with only a 6-megacycle channel width.

TWO TRANSMITTERS

A television station requires both picture and sound transmitters. The pic-
turc transmitter is amplitudc-modulated and occupies a 534 -megacycle band-
width. The sound transmitter is frequency-modulated and occupies an
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80-kilocycle band. Its carrier frequency is 4V2 megacycles higher than that of
the picture carrier. The same antenna and receiver pick up both picture and
sound, segregating one from the other in the converter, i-f amplifier, or video
amplifier.

SIGNAL CONSTRUCTION

The useful modulation on the carrier of a broadcast transmitter is audio
(speech, music, sound effects, etc.—all audio information). The modulation
applied to the picture carrier is not always picture signal (signal which repre-
sents light distribution on the image) but also rectangular sync and blanking
pulses which stabilize the entire system. Thus, the picture information is fre-
quently interrupted to insert sync and blanking pulses. While radiation from
the aural broadcast station contains sinusoidal variations, the television signal
contains some nonsinusoidal waveforms as well.

6. What Is a Sine Wave?

The sine wave is the basic, alternating waveform. All other waveforms,
square, rectangular, sawtooth, etc., can be considered to consist of combina-
tions of sine waves with various amplitudes and frequencies. A sine wave is
generated when a single conductor is rotated at a constant velocity around a
uniform magnetic field. The generation of a one-cycle-per-minute sine wave is
demonstrated in Fig. 8. When the conductor is moving parallel to the magnetic
field, no voltage is induced; such is the case at the 0-, 30-, and 60-second
points. At the 15- and 45-second points, the motion of the conductor is per-
pendicular to the field and maximum voltage is induced. Note that the polarity
of the voltage at the 15- and 45-second points would be opposite because the
conductor travels through the lines of force in the opposite direction.

Actually, therefore, a sine wave is a circle stretched out in terms of time just
as we have done in Fig. 8. The circumference and horizontal axis have been
divided into equal time segments. However, it is to be observed that equal time
segments do not set off equal voltage segments, which would result in a trian-
gular wave. Instead, as shown, the voltage increments become less and less as
the point of maximum induced voltage is approached, generating the character-
istic sine wave. In the generation of higher frequencies, the conductor revolves
around the magnetic field more often and more sine waves per minute are
generated.

A similar wave is generated in high-frequency tuned circuits by the charge
and discharge of the tuned-circuit capacitor and the expanding and contracting
field of the tuned-circuit inductor.

An important fact to remember is that it is impossible to distort a sine wave
with a resistor, capacitor, or inductor; or to distort a sine wave with any com-
bination of resistors, capacitors, and inductors normally used in electronic
circuits. The only characteristic changed is the amplitude. If it is desired to
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change a sine wave to some other type of waveform, a vacuum tube is gen-
erally used. It is only a complex wave made up of combinations of sine waves
which can be distorted or changed in shape by combinations of resistors,
capacitors, and inductors. This change in wave shape occurs because of the
changing reactance of capacitors or inductors with variations in frequency and
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because of the phasc shift of some frequencies with respect to others. Such
changes in wave shape arc duc to the fact that complex waves are combina-
tions of many sine waves of different frequencies, all multiples of the basic

frequency; emphasizing or eliminating any of these frequencies changes the
shape of the wave.

7. What Is a Pulse?

A rectangular pulse (Fig. 9) is spoken of as a composite wave because it
does not consist of one sine-wave frequency but rather is considered to be
made up of many sinusoidal waves harmonically related up to at least the
tenth harmonic. Actually. in the case of a squarc or nearly square wave
(drawing A4, Fig. 9), the fundamental frequency of the pulse is considered to
be the repetition rate of the pulse (number of pulses which occur per second),
and to have a properly squared appearance it is necessary that the pulse con-
tain harmonic frequencies up to the tenth. The more harmonic frequencies
present, the sharper the wave rises and falls.

For rectangular sync pulses used in television, the interval between pulses
(Fig. 9, B) is long in comparison to the duration of the pulse. For example,
the duration of one of the television pulses is only S microseconds (horizontal
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sync pulse) and the spacing between pulses some 58 microseconds. When the
pulse is short in duration in comparison to the separation between pulses the
important frequency components of the pulse and of the systemn are dependent
on the duration of the pulse and less dependent on the repetition rate. It is true
that the fundamental frequency is the repetition rate of the pulses and that the
pulses consist of a scries of harmonics of this frequency extend:ng up to almost
2 megacycles. However, the small energy content of the fundamental and low-

t = period of wave
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order harmcnics compared to the total cnergy vested in the pulse means they
can be attenuated without affecting the fidelity of the pulse. In fact, a basc
frequency from which performance of pulse circuits can be judged is a fre-
quency the period of which equals the duration of the pulse. To form or pass
a pulse with a good squared appearance, the pulse must contain frequency
components up to the tenth harmonic of this so-called “base frequency.” For
example, the base frequency of a horizontal sync pulse is one over its duration,
or 170.000005, or 200,000 cycles per second. The tenth harmonic of this
frequency is 2 megacveies.
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More exactly, the highest order harmonic is set by just how fast the pulse
must rise or fall between minimum and maximum. In the case of horizontal
sync pulses, this sets the highest order harmonic almost to 2 megacycles. The
extreme of the low-order harmonics is set by just how flat the top of the pulse
must remain; the flatter the level, the lower the response requirements must be.
Agein, the low-frequency limit is related to the duration of the pulse, and the
longer the pulse, the lower is this frequency.

Inasmuch as the video amplifiers of the television receiver and transmitter
cquipment have a very much extended frequency range to pass the picture
information, no difficulty is involved in transferring the sync and blanking
pulses.
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Fi6. 10 Formation of a Pulse Fi6. 11 Short-Duration Pulse
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The cumulative effect of the fundamental and harmonics in the formation of
a squared pulse can be observed in Fig. 10. It is important to note that a pulse
is a complex waveform constructed of widely separated frequency components.
In an amplifier which is to pass this pulse with fidelity, it is necessary that the
amplitudes and the phase relations between fundamental and harmonics not
be disturbed. Thus, the amplifier must have a lincar phase and frequency
responsc up to at least the tenth harmonic of the fundamental frequency of the
puse. It is possible 10 distort the shape of a pulse for particular applications
with a simple resistor-capacitor or resistor-inductor combination because of
the varying reactance and phase with frequency of inductors or capacitors.

The sharp rise of voltage from the base line to peak value, the pulse dura-
tion, and the sharp drop from peak amplitude back to the base line are charac-
teristics of pulses which are used to advantage in television circuits. It is the
sharp rise in voltage, called a leading edge, or occasionally the sharp fall, called
a trailing edge, of the rectangular pulses which accurately times the television
system and synchronizes the motions of the two scanning beams. An opposite
rekation exists for a negative pulse.

It is also possible to construct a waveform consisting of one rectangular
pulse with another shorter-duration pulse mounted on top of it. It is often
spoken of as a pulse mounted on a pedestal (Fig. 11). The flat portion of the
lower pulse just ahead of the leading edge of the top pulse is called a front
porch. In television vernacular the lower pulse is a blanking pulse and the top
a sync pulse.
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8. What Is a Sawtooth?

A sawtooth waveform (Fig. 12) consists of its fundamental frequency
(number of sawteeth per second) plus, for a satisfactory sawtooth, harmonics
of the fundamental up to the tenth or fifteenth (Fig. 13). This means, of
course, that the frequency response of the circuits through which the sawtooth
voltage passes must be reasonably flat up to the frequency of the final har-
monic. As you will learn later in this chapter, the frequency of the horizontal
sweep of the television receiver is 15,750 cycles per second, and therefore the
horizontal circuits must be capable of passing frequencies to at least ten times
this value, or 157,500 cycles.
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The sawtooth voltage can be used to advantage in television circuits because
its waveform (Fig. 12) represents a slow, fixed rate of voltage increase and a
fast decrcase back to the base line. This characteristic, you will learn, is used
in television scanning because it is necessary to move the scanning beam at a
constant velocity across picture-tube screen and camera-tube mosaic and then'
quickly return it to begin a new line. If a sinc wave were used to deflect the
scanning beam, the velocity of beam as it moves across ths screen would
decrease as it approaches the right or left side, causing the reproduced images
to appear out of proportion.

When the scanning beam of the pickup or picture tube is deflected by
clectrostatic deflection plates, the sawtooth voltage is used; when electro-
magnctic coils arc used to deflect the beam, a sawtooth current is nceded.

9. What Is a Signal with a D-C Component?

It is a well-known fact that in the plate circuit of an audio amplifier, for
example, there is an a-c component of plate voltage and a d-c component. In
the case of a resistance-coupled amplifier, the d-c component of plate voltage
might be 100 volts and the a-c component might have a peak-to-peak ampli-
tude of 100 volts with the instantaneous plate potential varying between 150
and 50 volts, as in Fig. 14. In transferring the signal to the grid circuit of the
next stage, the d-c component is blocked by the coupling capacitor. Likewise,
in television circuits we have signals with d-c components; however, the d-c
components of a television signal contain uscful information and must be trans-
mitted. Thus, circuits must be used which pass d-c and a-c signal components.
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A typical portion of the television signal (Fig. 15), therefore, contains con-
tinuously varying picture signal plus the d-c blanking and sync-pulse compo-
nents plus a d-c component of average brightness, which varies with average
illumination of the televised scene. Notice that the television signal, conse-
quently, has a single polarity; that is, it varies from some base voltage to some
fixed positive voltage or, with a 180-degrec polarity shift, from zero to some
fixed negative voltage. The picture signal consists of amplitude variations
betwecn blanking pulses and confined within the voltage range between base
and the so-called “blanking level.” When blanking and sync are plus with
respect to base, the signal is referred to as a positive-going composite signal;
negative-going when sync and blanking are negative.
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In the last few paragraphs we have discussed the various waveforms encoun-
tered in the television circuits. In subsequent paragraphs we will discuss the
application of these waveforms,

10. Television Scanning

Television scanning can be understood by comparing the television scanning
process with the scanning process of the conventional cathode-ray oscilloscope.
In the conventional oscilloscope a horizontal sawtooth is applied to the hori-
zontal deflection plates or deflection coils. This sawtooth voltage causes the
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beam to travel from left to right across the screen, and then the retrace causes
the beam to snap back quickly to the left side again. Thus, with no signal
applied to the vertical amplifier of the oscilloscope, we find that a straight line
is traced on the fluorescent screen. (Refer to Fig. 16.) Likewise, it is pcssible
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to apply a sawtooth to the vertical deflection system of the oscilloscope. If no
signal were applied to the horizontal plates under this condition, a vertical
straight line would be traced on the fluorescent screen. If the same frequency
sawtooth were applied to the horizontal deflection plates as applied to the
vertical deflection plates (Fig. 16), a diagonal straight line would appear
on this screen.

When a sawtooth voltage of one frequency is applied to the vertical plates
and a sawtooth voltage of a higher frequency is applied to the horizontal plates,
the beam wil' make a number of trips left and right as it moves from the top
to the bottom of the screen. This series of tilted lines is generated in approxi-
mately the same manner as the television scanning raster is formed on the
front of the picture tube. In the case of the television system, the frequency of
the vertical sawtooth is 60 per second and the frequency of the horizontal saw-
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Fic. 17 Television Scanning

tooth is 15,750 per second. It is evident how much faster the horizontal
sawtooth is than the vertical sawtooth. In fact, so many lines arc generated
horizontally in comparison to the time required for the beam to move from
top to bottom that each of the lines generated appears almost as a straight,
horizontal line. The tilt of these lines, although it is present, is so small that it
is not discernible, and the lines themselves are so near to cach other that they
are discernible only upon close observation of the picture-tube screen. Actually,
approximately 500 lines are traced and are present from top to bottom of the
television screen.

The basic units associated with the picture-tube deflection system are shown
in Fig. 17. The essential differences, as compared to a conventional test oscillo-
scope, are:

1. A sawtooth voltage is also applied to the vertical deflection plates of the
picture tube which is much lower in frequency than the sawtooth applied to the
horizontal plates.

2. The entire front of the television screen is illuminated because many,
many lines are generated from top to bottom of the screen.

3. In a test oscilloscope, the waveform to be observed is always applied to
the vertical deflection plates. In television, the picture signal is applied to the
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control grid of the picture tube and the electron beam is modulated. This
modulated beam causes the intensity of the fluorescent screen to vary as the
beam travels line by line from top to bottom of the screen. In a test oscillo-
scope the control grid of the oscilloscope tube is usually unmodulated.

In summarizing the scanning action with reference to Fig. 18, assume that
the beam is at the top left-hand corner of the screen. A sawtooth voltage is
applied to the horizontal plates, and a slower sawtooth is applied to the vertical
plates to trace a simple scanning pattern on the screen. The first horizontal
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sawtooth causes the beam to swcep across the screen and then quickly return
to the left side again. The beam always returns much faster than it first sweeps
across the screen from left to right because of the much faster change in voltage
per unit time associated with the retrace period of a sawtooth wave. Usually,
in test oscilloscope application the return of the beam is so fast that the fluo-
rescent screen is not illuminated because of the speed with which the beam
passes over the screen. At any rate it is very dark in comparison with the trace
and does not interfere with the observation of the desired waveform. In tele-
vision we make doubly sure that the retrace is not visible because, in addition
to retracing the beam very quickly with the sawtooth retrace, a blanking pulse
is also applied to the grid of the picture tube during this interval, which com-
pletely shuts off the picture beam.
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After the beam has made one trip across and back, it is ready to start
another line. This time, however, it starts a bit below the previous sweep line
because the slow, vertical sawtooth voltage has decreased a small amount. In
this manner the beam is swept back and forth across the screen starting at the
upper left and ending at the lower right. Notice that the scanning line slopes
more from left to right than it does during the snapback or horizontal retrace
from right to left. This is understandable when we consider that the beam
moves much slower in going from left to right than it docs in returning from
right to left. Likewise, the beam moves slowly down the screen, tracing line
after line, and then quickly snaps back to the top left to begin a new series of
scanning lines. This pattern is similar in many respects to television scanning.
At any rate, it gives you that first, simple, but necessary, glimpse of what is
meant by scanning patterns.

11. Scanning Raster and Aspect Ratio

The scanning raster is that part of the fluorescent screen illuminated by the
sweeping electron beam. When the receiver deflection circuits are properly
adjusted, this illuminated scanning raster has width-to-height ratio of 4:3.
That is, if the scanning raster is 4 inches wide, to have properly proportioned
images on the screen it must also be 3 inches high. This is termed the aspect
ratio of the television system.

The scanning raster is present whether a signal is present or not. For cxam-
ple, when we turn on our home television receiver, the illuminated scanning
raster appears whether signal is received or not. In fact, if the scanning raster
is observed closcly with no signal being received, the actual scanning lines can
be scen, and still clearer are the vertical retrace lines, which are returning the
beam from the bottom to top of the scanning raster. Of course, these return
lines are visible because, with no signal received, there are no blanking pulses
present on the grid of the picture tube.

12. Standard Interlace Scanning

In modern television systems, scanning consists of 525 horizontal lines,
which are covered 30 times (called frames) per second, making a total of
15,750 (525 % 30) lines scanned per second. Thus, the electron beam at the
pickup tube, under control of the electron gun, moves across the photosensi-
tive mosaic, covering the mosaic image left to right and top to bottom, progres-
sively releasing and gathering the light distribution of the image. Also under
control of an electron gun, the picture-tube beam scans the fluorescent screen
in the same manner. The electron beam at the picture tube, however, is modu-
lated and reproduces the original variation in light and dark as it travels line
by line. To reproduce the picture exactly as it is picked up at the camera tube,
it is necessary that the electron guns of both tubes direct their beam at the same
relative position on both fluorescent screen and scanned camera image.
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In the television system the rise of voltage of the horizontal sawtooth moves
the eclectron beam from left to right across the screen in approximately 53
microseconds. When the beam reaches the right side, the faster change in volt-
age (abrupt decline of the sawtooth) rapidly returns the beam from right to
left in less than 10 microseconds. This motion is repeated 15,750 times per
second. However, in the television picture tube we not only apply a horizontal
sawtooth but also a much slower vertical sawtooth of only 60 cycles per sec-
ond. This linear fall of the vertical sawtooth moves the beam from top to
bottom of the scanning raster in approximately 15,800 microséconds (almost
300 times longer than it takes the beam to move from left to right across the
screen). When a beam reaches the bottom, the faster change in voltage of
the vertical sawtooth returns the beam to the top in approximately 850
microseconds.

With application of the sawtooth waveforms to both sets of plates or coils,
the beam is moved rapidly across the screen (horizontal sweep), and at the
same time it is moved slowly down the screen by the slower vertical sweep.
However, in television scanning the downward tilt of the scanning line is not
discernible because the horizontal sweep is so much faster than the vertical
sweep. The tilt is just sufficient to cause each horizontal line to begin slightly
below the previous one. When the beam reaches the bottom of the scanning
raster, it is returned to the top by the abrupt increase of the vertical sawtooth.
The return to the top of the raster is not made directly, for even during the
relatively fast vertical retrace a number of horizontal sweeps occur and the
returning trace weaves back and forth up to the top of the raster. Thus we
find that, although the modern television system is a 525-line system, not all of
these lines are active lines (by active lines are meant lines upon which actual
picture information appears) ; some of them are not used, occurring during the
vertical retrace intervals.

Another unusual feature, but a very logical one so far as performance is
concerned, is the use of interlaced scanning. Scanning of the horizontal lines is
not performed in sequence but instead the odd-numbered lines are scanned
first (1, 3,5, 7, etc.), and then the beam returns and scans the even-numbered
lines (2, 4, 6, 8, ctc.). This means the entire raster is scanned twice—first
time, odd-numbered lines; second time, even-numbered—before the complete
scene is scanncd. We have learned that 30 complete frames or scenes are
transmitted each sccond. Because of the inertia of the human eye and flu-
orescent screen, motion can be simulated by transmitting individual scenes at
this rate. However, during the vertical retrace the scene is completely blacked
out (to make vertical retrace invisible), and if the blacking-out occurs at only
a 30-cycle rate, there is some noticeable flicker. It is apparent with interlaced
scanning that the beam is retraced twice each frame, or 60 times per second,
which is fast enough to eliminate annoying flicker. In the same manner in
motion picture practice cach motion picture frame, of which there are 24, is
projected twice to produce an equivalent repetition rate of 48 projections per
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second. Thus, in television scanning there are 30 frames (complete pictures)
per second and 60 fields (two ficlds per frame).

The interlaced method of scanning is demonstrated in Figs. 19 and 20.
Scanning begins at line 1 at the top left of the scanning raster and procceds to
the right; at this point the beam retraces to the left and begins scanning line 3.
The odd-numbered scanning cycle continues until the beam reaches the lower
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right-hand corner of the raster. Here the vertical retrace returns the beam to
the top center of the scanning raster and the scanning of the even-numbered
lines begins. When the last active line is scanned, ending at the bottom center
of the raster, the beam is rcturned to the top left and initiates the start of a
new frame. Each frame consists of 525 lines, and 30 frames or complete pic-
tures are transmitted each second. However, because of the interlaced system,
the vertical sweep rate is not 30 but 60 cycles per second because each frame
is scanned twice from top to bottom.

Although cach frame consists of 525 horizontal lines, only approximately
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500 of these lines actually carry picture information; the remainder of the
horizontal lines are unused during the vertical retrace intervals. There are two
vertical retrace intervals for each frame—one between ficlds, the other between
frames. The vertical-retrace interval lasts for approximately 850 to 1,300
microseconds, twice cach frame, and consumss approximately 25 to 40 hori-
zontal lines. Thus, it is apparent that the beam does not return directly from
bottom to top, as shown in Fig. 19, but returns over a path similar to that
shown in Fig. 20, there being quite a number of horizontal swecps during the
vertical retrace.

It is evident that a considerable amount cf time is consumed in retracing
the beam, and for these intervals no picture information is transmitted. Fur-
thermore, it is necessary to blank out the clectron beam (causes no excitation
of fluorescent screen) during thesc intervals to prevent visible retrace lines
from streaking across the picture on the screen. In fact, the only time the
electron gun emits a strong beam, and the only time useful picture information
is transmitted, is during traces or scans from left to right of the 485 to 500
active lines. During the retrace intervals, both horizontal and vertical, the
electron gun cuts off the beam and no picture information is conveyed from
transmitter to receiver.

13. Signal on Control Grid of Picture Tube

Two primary functions of the signal on the control grid are to impress
picture information on the fluorescent screen during active horizontal traces
and to cut off the beam to prevent screen excitation during all retrace intervals.
Thus, for a certain length of time (approximately 53.3 microseconds for each
active horizontal line), pictire information is impressed on the grid. At the
conclusion of the active scan the voltage goes sharply negative to the blanking
or black level (grid-voltage level at which the beam is cut off) and holds at
this level or becomes mere negative for approximately 10.16 microseconds.
The horizontal sync pulse is actually more negative and s used in another
section of the receiver to initiate the horizontal retrace. Its presence on the
control grid of the picture tube has no detrimental effect because it extends into
the so-called “blacker than black” region, there being no indication of it on
the fluorescent screen.

The blanking or black level of the signal (Fig. 21) is always held constant
regardless of picture signal or its average voltage level. The maintenance of
this fixed-level d-c component is necessary because it is the instantaneous
grid-voltage level at which the beam is cut off. We want the beam to be cut off
during all retrace intervals regardless of what has been transmitted between
retrace intervals. The voltage level at which the control grid causes the beam
to cut off is comparable to the cutoff grid bias of an ordinary vacuum tube, it
being fixed for a given sct of operating voltages. In order to reach this level,
a signal of so many volts must be applied. This condition is clearly shown in
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Fig. 22, in which the grid-voltage level of —Ec. must be reached by the signal
before the screen blacks out.

Observation of the signal also shows that the greater the signal amplitude,
the less the screen is illuminated. Thus, the higher amplitude level of signal
at A (Fig. 21) causes brighter instantaneous illumination (less negative grid
voltage) than the lower level of signal at B (more negative grid voltage),
which has driven the grid almost to the screen cutoff level (Fig. 22).
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The signal applied to the control grid also rises to the blanking level during
the vertical retrace intervals. In fact, during these intervals the beam is off
not merely for 10 microseconds but for more than 850 microseconds to give
the beam time to retrace from bottom to top of the scanning raster. When the
beam is off for such a long interval, it must occur often enough to prevent
flicker. This condition can be compared to our home lighting power, which
alternates 60 times per second but still the light appears continuous.

14. Television Image

We have studied the scanning process and mentioned the manner in which
the signal is removed from the mosaic progressively, and then reassembled
at the receiver in the same sequence.

The mosaic upon which the object is focused at the camera tube is con-
structed of many thousands of photocells insulated from each other. Each cell
or group of cells emits electrons in accordance with the light intensity of the
very tiny portion of the scene focused on it. An electrical representation of
this illumination is released when the beam passes over this particular group
of cells. If each cell contributed a signal singly, the number of cells would
represcnt the number of elements which make up the television image. Actu- |
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ally, each signal component is contributed by a number of cells, and the
number of elements making up the picture is limited by other factors.

The television image, similar to a photoengraving or motion picture frame,
is made up of a number of elements, each element representing the light
gradation at one tiny spot of the scene. Unlike the motion picture, which
flashes all elements of a scene on the screen simultaneously, the television
system transmits the elements in sequence, one at a time. The disassembly and
assembly of all elements occur at such a rapid rate that all elements of the
scene appear to be present simultaneously as far as the cye can tell.

The idea of picture elements can be understood by observing the poorer
grade newspaper halftones. Observation shows that the picture is constructed
of black dots or clements. On the darker parts of the scene the black dots are
larger whilc light portions contain very small dots. A greater number of ele-
ments of a smaller size produce a more detailed and clearer photograph. The
elements are so numerous and small in a first-grade reproduction that they are
not discernible.

Although the scanned surface of the camera tube contains millions of ele-
ments, the actual picture element size is considerably smaller because of the
finite diameter of the scanning beam of the camera tube. The camera-tube spot
size is large enough to encompass many, many clements on the scanned surface
at any one instant. Although the camera-tube beam imposes this restriction on
picturc elements, a more severe restriction is placed on effective picture cle-
ments by the frequency response of the system and the size of the picture-tube
spot. Thus, in the television system, element size is more or less uniform
(except for limited change in picture-tube spot with intensity of beam), and
picture gradations are set by the intensity of the spot instead of its size.

There are approximately 400 to 600 elements along a single line of picture.
This number is largely a function of the camera, frequency response of the
system and picture-tube spot size. Inasmuch as the camera-tube spot is in most
cases smaller than the picture-tube spot, the number of elements is limited by
the picture-tube spot. The number of elements along each scanning line deter-
mines the picture detail horizontally and is spoken of as the horizontal
resolution.

The number of elements vertically, which is spoken of as vertical resolution,
is a function of the number of active scanning lines—485 or more. The num-
ber of vertical elements is less than the number of active lines because of the
inability of the scanning beam always to reproduce exactly a change in illumi-
nation vertically. For example, if a thin, black, horizontal line (one line wide)
is to be conveyed, it must be completely covered by the beam to reproduce
accurately. If the scanning beam is half on and half off this line (it could just
as well be a point of change from white to black or black to white), the line
at that point will reproduce grey. Thus, the change from one degree of illumi-
nation to another is gradual instead of sharp because of the relation between
picture information and position of scanning beam (Kell factor), and vertical
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resolution is thereby limited. There is also a small, finite spacing between lincs
and a slight shifting of lines. Thus, the number of vertical clements is some-
what less than the number of active lines—approximately 350 or more cle-
ments vertically. The total number of picture clements (product of elements
spaced vertically and elements along each horizontal line) is approximately
200,000, substantially fewer than the number associated with motion pictures.
As the state of the art progresses, the television image will contain more ele-
ments and improved detail.

The actual picture signal representing the clement-to-clement illumination
is applicd to the control grid of the picture tube. Picture signal does not vary
the velocity of the beam nor in any way affect the deflection mechanisms
However, it does modulate or vary the number of electrons in the beam and
consequently varies the degree of illumination of the points it strikes. Picturc
information is present on the control grid of the picture tube when the beam
is sweeping left to right across the screen. It is not present when the beam is
being retraced by the deflection system. Instead, during these intervals a
so-called blanking signal appears on the control grid to make the retrace
invisible.

The point to remember is to keep picture and scanning separated. Picture
signal varies the strength of the beam and. consequently. the instantancous
illumination of the screen; scanning is the process by means of which the beam
follows a continuous and repeating path across and down the fluorescent
screen.

15. Video Frequencies

Just as the sinusoidal variations associated with sound are called audio fre-
quencies, those associated with picture information are spoken of as video
frequencies. These frequencies are generated when the electron beam of the
pickup tube moves from left to right across the mosaic, releasing clectrical
charges in accordance with the intensity of the light focused on the various
elements scanned. One complete frame or picture is transmitted in 1/30 sec-
ond, and one complete line of this picture is transmitted in 53 microseconds.
Now, let us assume that as our beam is moving left to right across the screen
it hits one element which is illuminated and then passes on to an adjacent
element which is brighter and on to a third element which is illuminated to the
same degree as the very first one. Thus, in this short time, if we consider the
signal released to be sinusoidal, we have gone from a maximum to a minimum
and back to a maximum, or one complete cycle. The frequency of this cycle
can be approximated if we consider the time necessary to scan these three
elements. If there are 500 clements along a horizontal line and it requires 53
microseconds to scan a full line, it requires approximately 0.2 microsecond
to travel between the three elements. This represents a base frequency of
5,000,000 cycles per second.
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It is apparent from the above figures how necessary it is to use wide-band
amplificrs and broad channels to convey a picture with clarity and sharpness.
The video or picture signal has frequency components from 30 cycles to
5 megacycles.

16. Picture Resolution

Resolution of a television image is a measure of picture definition and
clarity. A picture with good resolution has sharply defined objects and no
blurring or running together of closely spaced image lines or points. Resolution
of the television image is measured both horizontally and vertically. Close-
spaced vertical lines of a televised image or chart are used to measure hori-
zontal resolution; close-spaced horizontal lines, vertical resolution. This is
apparent when we consider that as the beam scans the clements horizontally
it is crossing, line after line, any series of vertical lines. As the beam moves
downward, it will be crossing any horizontal lines that might be present on
the televised picture. Actually, the station test charts transmitted by the tele-
vision stations contain converging horizontal and vertical lines to check reso-
lution of the system.

Vertical resolution is limited by Kell factor and the number of lines—the
more active horizontal lines, the better the vertical definition. Horizontal
resolution is limited only by the capabilities (frequency and phase response in
particular) of the system and the size of the pickup and picture-tube scanning
spots. The iconoscope pickup scanning spot and density of the silver globule
deposits are at present capable of much better performance than the remainder
of the television system is able to handle. Chicf limitations are the frequency
response of the various picture video, i-f, and r-f amplificrs, plus the size of
the picture-tube scanning spot. It must be pointed out that video, i-f, and r-f
amplificrs can be made broader with proper design.

17. Persistence of Vision and Flicker

It is a characteristic of the human eye to retain for a finite time an impres-
sion of light after the source has been removed. It is this very characteristic
which permits transmission of a picture, element by element, and permits the
creation of the impression of motion by transmitting individual pictures at a
fast repetition rate.

At any one instant in the picture-tube scanning cycle, only one element is
being illuminated by the impact of the scanning beam. The remainder of the
elements remain illuminated, or appear to remain illuminated, for two reasons:
one, the actual element remairs illuminated or dirs slowly after the passage of
the beam; and two, the human eye retains an impression of light after the beam
has passed on. Thus, to the eye, all elements appear illuminated, cach in
accordance with its relative light value in the televised scene. In the television
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system, if each element (approximately 200,000 of them) is scanned once
every 1/30 second, the human eye retains an impression of continuous illumi-
nation. That is, light impression from the first element in the first row still
persists at the time that the last element in the last row is being scanned.

To create an impression of motion, a certain number of closely associated
yet individual scenes must be transmitted each second. To give motion to the
characters in a motion picture, 24 individual scenes are transmitted each
second. Now, during the interval that one scene is being replaced by the next,
there is no light projected on the screen. However, the screen remains illumi-
nated to the human eye because of its persistence of vision. Likewise, the
impression of motion is created in television by transmitting 30 individual
scenes each second, and the human eye retains impression between frames. To
avoid even the smallest trace of flicker, however, each frame is subdivided
into two fields (interlaced scanning) to jump the repetition rate to 60 per
second.

Flicker is caused when light impulses are presented to the eye at a slow
rate, allowing illumination to decay appreciably before being reinforced by a
new impulse. Inasmuch as the fluorescent screen of the picture tube is blanked
or blacked out a considerable portion of the frame-scanning cycle, proper
precautions must be taken to avoid flicker and consequent viewing fatigue.

After cach line is scanned, the beam is cut off until the beam retraces. The
beam is again blanked for a longer duration after a field is scanned and the
beam is retracing from bottom to top of the raster. Furthermore, each picture
element is scanned individually and at any one instant only one clement is
receiving light impulse. To avoid flicker from the decay of individual elements,!
therefore, cach clement is scanned once every 1/30 second. Actually, to create'
an impression of motion, only 15 individual scenes per second need be trans-
mitted; however, at this low repetition rate—in fact, even at 30 blanking
periods per sccond—flicker is apparent. The higher the brightness of the
system, the more apparent flicker becomes for a given blanking period and
repetition rate.

18. Contrast, Brightness, and Gamma

There are three classifications related to the image illumination of a tele-
vised scene. Brightness refers to the background illumination of the scene;
contrast, to the light range between darkest black and brightest white; and
gamma, to the log relation between change of image brightness to change of
object brightness.

A conception of contrast and average brightness can be obtained by ref-
erence to ordinary snapshots. For example, an object snapped in front of a
bright, sunny landscape may have the same contrast range as the same object
taken in front of a shady scene. However, the average brightness of the sunny

scene is much higher. Usually, the relative-brightness range or contrast is also|



§18] CONTRAST, BRIGHTNESS, AND GAMM A4 25

higher. However, so far as television image brightness (scene on fluorescent
screen) is concerned, the peak brightness and black-level limitations often con-
finc the contrast to the same range for dark and bright scencs, and only the
background brightness changes.

A scene televised under banks of concentrated light in the studio will have
a higher average brightness than an cvent televised outdoors on a cloudy day,
and yet it is possible that the darkest and brightest points of both scenes will
have the same intensity. Contrast of a television system, therefore, represents
the range of variations in light and dark as the picturc-tube beam reproduces
the original scene. 1t is possible to control relative and average brightness over
a limited range at the receiver. Average or background brightness is controlled
by varying the d-c bias between control grid and cathode of the picture tube
(brightness control). Thus, the average strength of the beam is regulated and
the average illumination of the screen can be set at a comfortable level. The
contrast, or relative brightness, can be adjusted by varying the pcak-to-peak
amglitude of the picture signal applied to the picture-tube control grid (con-
trast control). It must be pointed out that the electronic methods of varying
brightness, while necessary, are not a cure-all for weak signals and poorly
designed receivers. For, with electronic control we also amplify the noises the
same amount as the signal. Thus, if the original signal is weak and noisy, the
image on the fluorescent screen will appear washed out and noisy.

Inasmuch as it is not possible to reproducc the range of brightness of the
original scene, a method of increasing apparent contrast is achieved by having
a nonlinear light-transfer characteristic. That is, the image brightness is made
to vary logarithmically. Using this method, the brightest bright and darkest
dark still have the same absolute values, but the brightness increments at the
brilliant end of the range are greater per given change in object brightness than
the increments at the dark end of the light scale. This apparent improvement
in contrast is illusionary because it is a characteristic of the human cye that
an increment in light intensity is more noticeable to the eye in dark parts than
in bright parts (logarithmic eye sensation). Thus, in transmission the high
lights arc overemphasized and the shadows are underemphasized, improving
apparent contrast,

Gamma is a measure of contrast and is the ratio of image log brightness to
object log brightness. Since this is a log ratio, it means it is actually a ratio
of cye sensation of the image to cye sensation of the object. For example, if
the gamma is one, it does not mean that the object brightness and image
brightness arc directly proportional (as just mentioned, it is logarithmic), but
it does mean that a logarithmic rise in object brightness causes a similar
logarithmic rise in image brightness. If the gamma were two, the light incre-
ments of the screen presentation are twice as great as object light increments
over the lincar portions of the light transfer betwcen brightest bright and
darkest dark. Generally, the response of the pickup equipment has a gamma
less than unity, and unity or higher over-all gamma is obtained by the flu-
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orescent screen, which has a gamma higher than unity. Thus, the brightness
changes are overemphasized a limited amount to make image change more
realistic. At the same time the emphasis on high lights and compression of
lows improves apparent effect of noise variations because the ratio of signal
to noise is decreased in the highs where changes are less apparent. A scene
with good contrast means one which contains light distribution from very dark
to an extremely intense white. Unfortunately, the modern television system is
not capable of conveying the wide range of light gradations or contrast of a
sunlit day when the bright-to-dark ratio may be as high as 10,000:1.

Peak performance of the modern television system is approximately 100:1,
or less, with 1000:1 contrast ratio as an ultimate goal.

In terms of photography, a snapshot with a wide range between whites and
blacks has good contrast, but an overexposed or underexposed snapshot, in
which the distribution is concentrated at one end or the other of the light
register, has poor contrast.

QUESTIONS

Describe in your own words the basic television system.

What is nicant when we say the television transmitter does net transmit pic-

{ure information continuously?

What is picture signal and where is it utilized at the receiver?

What is sync and where is it utilized at the receiver?

Are all elements of a televised scene transmitted simultaneously? Explain.

Why is such an extended video frequency range necessary in the transmission

of a picture?

Why is it necessary to have a wide television channel?

Describe the standard television channel.

What is the megacycle separation between picture and sound carriers?

10. Does a sine wave have a linear change in voltage?

11. What characteristics of a pulse do we utilize in television?

12. What characteristics of a sawtooth do we utilize in television?

13. What is meant by a fixed-rate or linear change in voltage?

14. Why is it possible to distort a pulse or a sawtooth with a simple resistor-
capacitor combination?

15. What is a single-polarity signal?

16. Describe signal on control grid of picture tube.

17. Describe the television image and the limitations of its horizontal and vertical
resolution.

18. How is flicker eliminated, and why is it the eye sees a continuous presentation
although the picture is frequently interrupted?

19. Differcntiate between picture contrast and background brightness.

20. What causes each horizontal line to begin below the previous one?

21. What is the scanning raster?

22. How are retrace lines made invisible in the television system?

23. What are active and inactive lines?

24. Describe the interlaced scanning system.

25. Why are the sync pulses not seen on the fluorescent screen?
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Chapter 2

COMPOSITE
TELEVISION
SIGNAL

19. Components of the Television Signal

Three types of information are transmitted on the picture carrier: (1) picture
or video signul, a progressive series of impulses which convey the light distri-
bution of the televised scene; (2) syne (horizontal and vertical), a series of
rectangular pulses which keep the pickup and picture-tube beams locked in
synchronism and prevent displacement of the pattern on the picture-tube
screen; and (3) blanking (horizontal and vertical), a series of rectangular
pulses of longer duration than the sync pulses which blank or black out the
fluorescent screen during all retrace intervals, making the retrace lines invis-
ible. A fourth group of signals called equalizing pulses, of shorter duration
than sync pulses, arc transmitted to insurc uniform spacing of the interlaced
scanning lines and to prevent loss of synchronism of the horizontal circuits
during the vertical retrace intervals between fields and frames.

To be certain that all models of television home receivers function prop-
erly on all commercial telecast stations, the Federal Communications Com-
mission has set down definite standards on the content, construction, and
sequence of the television signals. Much useful information can be obtained
by studying the composite signal shown in Fig. 23. This composite waveform
chart is drawn to wcale vertically but not horizontally. Actually, picture is
transmitted over a much longer period of time for each line in comparison to
the horizontal blanking interval. The chart is also numerically keyed to por-
tions of the text matcerial of this chapter.

20. Picture Signal

The picture signal is transmitted during the active horizontal scans (Fig. 23,
points 1-6-7) and is located between horizontal blanking perieds of the com-
posite signal. The picture signal is transmitted line after line and is interrupted
for each horizontal blanking or retrace interval and again for cach vertical
blanking intcrval. The picture signal varies in amplitude between the blanking

27
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Fi6. 23 Composite Television Signal

level, which represents black, and the 15-per cent amplitude level, which
represents peak white.

Signal variations for two lines of picture are shown in Fig. 24, which is also
drawn to approximate scale horizontally. It is apparent that picture is trans-
mitted for a much longer time than is required for the beam retrace, during
which time picture is removed while blanking and sync are transmitted. The
time required for the beam to cover one horizontal scan (trace and retrace)
is spoken of as the horizontal-line interval.

Inasmuch as 525 lines are transmitted per picture or frame (wc must

World Radio Histo
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remember that only approximately 450 to 500 of these are active; the
remainder occur during the vertical retrace and contain no picture information)
and there are 30 complete pictures per second, the horizontal or line rate is
15,750 per second and a single horizontal-line interval occurs in 1/15,750
second or 63.5 microseconds.

In the two lines represented in Fig. 24, notice also that although the second
line has the same relative variations in brightness, the average brightness of
this line is somewhat darker because the picture variations as a whole are
nearer the blanking or black level of the composite signal.

21. Horizontal Blanking

The horizontal blanking pulse occurs at the end of the scanned line (point 3,
Fig. 23) and cuts off the picture-tube beam prior to the retrace of the beam
to the left side. The blanking pulse keeps the beam blanked out all during the
retrace time until the beginning of another line of picture.
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Fi16. 24 Signal Distribution for Two-Line Interval, Showing Blanking and Sync Pulses

The duration of the horizontal blanking pulse (Fig. 24). according to the
Federal Communications Commission, must be set at some duration between
10.16 and 11.43 microseconds, which represent the minimum and maximum
tolerances. Thus, each horizontal line consists of some 50 microseconds of
picture and some 10 microseconds of blanking, or an approximate trace-to-
retrace ratio of 6:1. Inasmuch as the actual sawtooth retrace does not begin
until after the blanking front porch (initiated by leading edge of sync pulse),
and cvery precaution must be taken to make certain the beam does get back
to the left side in the allotted time, the trace-to-retrace ratio of the sawtooth
voltage or current which deflects beam is approximately 7:1 or higher.

22. Horizontal Sync Pulse

The horizontal sync pulses. of which there are ncarly 500 cach frame, keep
the horizontal motion of the receiving-tube scanning beam in sync with the
same motion of the pickup tube. This i+ accomplished by directly controlling
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frequency and phase of the sawtooth sweep voltage which deflects the picture-
tube beam. Therefore, at any one instant, the two beams arc striking their
respective scanning rasters at the same relative positions horizontally. Thus,
these Forizontal sync pulses hold the pattern stationary horizontally (i.e., pre-
vent tearing out). Another group of pulscs, called vertical sync pulses, hold
the pattern stationary vertically. A typical horizontal sync pulse (Fig. 24)
has a duration of approximately 5.08 to 5.6 microseconds and initiates the
horizontal sawtooth retrace cycle by control of the recciver horizontal sawtooth
generator. For a short interval before the transmission of the sync pulse, a
blanking pulse is transmitted which immediately blacks out the screen to make
the retrace invisible. Actually, during this front porch of the blanking pulse,
the sawtooth voltage continues its trace, and it is not until the leading cdge of
the sync pulsc arrives that the sawtooth begins to retrace. This horizontal
blanking continues for an interval after the sync pulse, permitting sufficient
time for the return to the left-hand side of the raster before the screen is
unblanked.

It is important to consider at this point that the beam itself is not retraced
because it is, in truth, cut off by the blanking pulse. Actually, what does occur
is that the sawtooth retrace reshapes the clectrostatic or magnetic field (which
normally would retrace the beam if beam were present) to have it rcady to
move the beam left to right at the start of the next active scan. Thus at instant
beam is again turned on it is at the left side.

The composite signal, as it appears on the control grid of the picture tube,
is ncgative in polarity—that is, the higher the signal amplitude, the more
negative the grid is driven and the darker the fluorescent screen becomes.
After the completion of a horizontal line, the arrival of the blanking pulse
drives the grid to the black-out or blanking level of the fluorescent screen.
A short time later the still greater amplitude sync pulse arrives to initiate, by
way of the recciver deflection system, the horizontal retrace of the sweep. At
the conclusion of the sync pulse, the blanking continues to hold the screen
blanked until the sweep has had sufficient time to retrace and is rcady to begin
a new scanning line.

23. Vertical Blanking

The vertical blanking pulse (Fig. 25), of which there are two each frame
(two-field interlaced system), is a long-duration, continuous pulse. During
this blanking interval the vertical sawtooth sweep is synchronized by vertical
sync pulses 2nd the vertical sweep is retraced.

The duration of the vertical blanking pulse is set between 833 and 1330
microseconds—Federal Communications Commission minimum and maxi-
mum tolerances. There are 30 complete pictures or frames per second and
60 ficlds. Consequently, the vertical ficld rate is 60 per second and the ver-
tical field interval is 1/60 second, or 16,667 microseconds, of which 833
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to 1330 microseconds represent vertical retrace time. During this time
approximately 13 to 20 horizontal lines occur upon which no picture infor-
mation appears for each field. This represents the inactive 26 to 40 lines per
frame, which subtract from the total 525 lines to give us the number of active
lines. It is apparent that the number of active lines increases with use of the
shorter duration vertical blanking interval. However, in the case of film tele-
casting, the film frames are projected on the camera-tube mosaic only during
the vertical blanking period, and it is advantageous to use a longer vertical
blanking period to increase the average illumination of the mosaic.

<—27.3

- —2.45

.25 usec,
. STEEPNESS
H 7H H
HM H H_/J o
12 3 456 1 2 3 45 61 2 3 456 ==

EQUALIZING VERTICAL
PULSES SYNC

833-1320 usec.
VERTICAL BLANKING

—————————————————————————————— 0%
Fig. 25 Vertical Retrace Interval

24. Vertical Sync and Equalizing Pulses

The vertical sync pulse intervals, of which there are two each frame (inter-
laced scanning system), keep the vertical motion of the picture-tube scanning
beam in sync with the vertical motion of the pickup-tube scanning beam. These
vertical sync pulse intervals hold the pattern stationary vertically (i.e., prevent
flopping over). Thus, the combination of horizontal and vertical sync control
holds the pattern absolutely rigid and the picture-tube beam always directed
at the proper point on the scanning raster. A typical vertical sync pulse
(Fig. 25) has a duration of 27.3 microseconds—actually, the vertical sync
pulse interval consists of six 27.3-microsecond pulses. The brief interruptions
of the vertical sync pulse interval, called a slotted or serrated vertical, prevent
loss of horizontal synchronism during the vertical interval, still producing a
vertical sync interval equivalent to 190 microseconds. Immediately before and
after the actual vertical sync pulses, a series of six equalizing pulses (Fig. 25)
are transmitted. These very short-duration pulses insure equidistant spacing
between scanning lines, permit transmission of identical vertical intervals
between frames and between fields, and prevent loss of horizontal synchronism
during vertical retrace intervals. Here again, after the completion of the first
or second fields (end of second ficld is also end of frame and therefore the
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vertical retrace at the end of a frame is called the vertical retrace between
frames, and the vertical retrace between first and second fields is called the
vertical retrace between fields), the arrival of a blanking pulse drives the
picture-tube control grid to the blanking level. A short time later the equal-
izing pulses arrive and then the vertical sync pulses. At the conclusion of the
vertical sync and equalizing pulses, the blanking pulse continues to hold the
fluorescent screen blanked until the sweep has had sufficient time to return
to the top of the raster and is ready to begin a new field.

It is important to note that the horizontal is synchronized not only on the
leading edges of the horizontal sync pulses but also on the leading edges of
the vertical and equalizing sync pulses. Therefore, alternate leading edges of
the vertical sync and equalizing pulses are also 63.5 microseconds apart. If
these leading edges were not present, the horizontal would operate without
synchronization during the longer duration vertical sync interval, producing
interlace instability. The horizontal synchronizes on the odd-numbered vertical
sync and equalizing pulses between fields, and on the even-numbered between
frames.

25. Signal Standards

Some of the more important facts and figures of the composite signal are
listed here:

6-megacycle channel

4:3 aspect ratio

525 lines—>500 active and 25 inactive lines interlaced to 485 active
and 40 inactive interlaced

scanning—?30 frames per second and 60 fields per second

15,750 lines per 30 frames (30 X 525)—Tline rate

one frame—33,334 microseconds

one field—16,667 microscconds

one horizontal sweep cycle—63.5 microseconds

horizontal retrace or horizontal blanking interval
seconds to 11.4 microseconds

horizontal trace—53.34 microseconds

horizontal sync pulse—5.08 to 5.68 microseconds

vertical blanking interval—833 to 1,330 microseconds per field;
1,666 to 2,640 microseconds per frame

vertical sync pulse interval—190.5 microseconds

vertical sync pulse—27.3 microseconds

equalizing pulse—2.54 microseconds

spacing between vertical pulses—4.44 microseconds

spacing between equalizing pulses—29.2 microseconds

spacing between leading edges vertical pulses—31.75 microseconds

10.16 micro-
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spacing between leading edges cqualizing pulses—31.75 micro-
seconds

leading edges horizontal, vertical, and cqualizing sync pulses—
0.254 microsecond

leading edges vertical blanking—6.35 microseconds

The time durations of other components of the composite signal can be
calculated in terms of H or V in Fig. 23.

H—Time from start of one line to start of next, or 63.5 micro-
seconds

V—Time from start of onc field to start of next, or 16,667 micro-
seconds

26. Signal Sequence

Inasmuch as it is ditficult mentally to assemble and retain all the details
concerning the composite signal, the following sequential analysis of the com-
posite signal will serve as a ready reference. The signal sequence, keyed to
the numerals of Fig. 23, will be given from the start of one frame to the
start of the next.

1. Start of picture signal at top left-hand corner of scanning raster.

2. Picture or video signal for one active scanning line. Light distribution
along first line of televised scenc.

3. Horizontal blanking pulse at completion of first linc. Blanks out screen
to make retrace invisible.

4. Horizontal sync pulse which initiates the sweep retrace—controls hori-
zontal sweep circuits.

5. Horizontal blanking continues, allowing suflicient time for the sweep
to retrace.

6. Second line of video signal begins—actually, this is the number three
scanning line because of interlaced scanning system.

7. All the odd-numbered scanning linecs are covered—consecutive odd-
numbered lines interrupted by the horizontal blanking intervals.

8. Odd-numbered lines scanning completed at bottom right-hand corner
of scanning raster. (Last active lincs of ficld on left side of waveform A,
Fig. 23.) Only a few of the horizontal cycles are shown on the drawing.

9. Vertical blanking pulse at completion of first field. Blanks out screen to
make vertical retrace between fields invisible.

10. A series of six cqualizing pulses.

11. Vertical sync pulse interval which initiates the sweep retrace—controls
vertical sweep circuits.

12. Series of six more equalizing pulses and continuation of blanking to
allow sufficient time for sweep retrace.
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13. Horizontal pulses continue throughout vertical blanking to prevent loss
of horizontal control during the vertical retrace.

14. Retrace returns sweep from lower right-hand corner of raster to top
center (drawing B).

15. Vertical blanking continues, ending at the top at a half-line point
(drawing B).

16. First horizontal blanking interval of second field.

17. Even-numbered lines are scanned until picture information for the
frame is completed at lower center of the scanning raster.

18. Vertical retrace between frames begins.

19. Sweep is returned from bottom center to top left of scanning raster,
completing one frame.

20. Start of first scanning line of next frame.

In the above sequence it was assumed that the vertical trace interval
occurred for a period equivalent to time of an integral number of lines and
the retrace interval corresponded to time of a finite number of lines plus a
half-line. If the trace time contained the odd half-line, the scanning of the
raster would be somewhat different. Again, the scan might start at top left
(point 1) for odd-line scanning, and retrace for first ficld would begin from
bottom center and return to top center before start of second field. This second
field would end at bottom right from which it would retrace to top left. On our
standard waveform, scan would start at point 1 and field blanking at point 18.
Second field scan begins at point 15 and frame blanking at point 8. New framc
unblanking again occurs at point 19.

Whether or not the retrace is an integral line length or contains an odd line
depends on what portion of the vertical sync pulse interval initiates the vertical
retrace, as will be understood more definitely in your study of Chap. 7. In
fact, it is very possible that the retrace can be initiated from most any point
along the bottom of the raster, start of field and frame retrace always being
separated by a half-line along this last horizontal scan.

27. Sweep Timing

To review again exactly what occurs at the picture tube, refer to the drawing
of Fig. 26, which shows us the active and inactive portions of the sweep cycle.
During the active horizontal scan, the beam is unblanked and is deflected left
to right across the screen by the slow linear rise of the horizontal sawtooth
applied to the deflection plates or coils. At the end of the interval during which
picture information is present on the signal, a horizontal blanking pulse
appears on the grid of the picture tube, which cuts off the beam. However,
if the beam were not cut off, it would continue to move to the right a short
distance (shaded area on right side of drawing) because the trace portion of
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the horizontal sawtooth continues on for a short interval after the beam has
been blanked. The horizontal sync pulse arrives at the horizontal sweep system
of the recciver approximately 1.2 microseconds after the beam has been
blanked (time of front porch). This sync pulse initiates the start of the snap-
back of the horizontal sawtooth. The fast retrace of the sawtooth reshapes the
deflection field, and when the beam is unblanked at conclusion of the horizon-
tal blanking pulse it will begin a new scan on the left side.
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The shaded area at the left represents a very short interval during which
the beam remains blanked during the rise of the sawtooth, depending on the
sharpness or speed of the horizomtal sawtooth retrace.

Likewise, the vertical sawtooth continues to fall after the beam has been
blanked by the vertical blanking pulse because the vertical retrace is not ini-
tiated in the vertical deflection system of the receiver until the fourth or fifth
vertical sync puise. Some of the inactive lines represent shaded arca above
the raster, depending upon speed of vertical retrace.
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28. Television Glossary

A glossary of television terms is presented in the following pages. It will
review many of the television terms introduced to you and add a few more.
As you study succeeding chapters, it will serve as a reference glossary and
give you a quick interpretation of television technical terms. The first group
of terms is a collection of Federal Communications Commission definitions
which apply to commercial television broadcast stations.

A. GENERAL

Television broadcast station—a station in the television broadcast band trans-
mitting simultaneous visual and aural signals intended to be reccived by
the general public.

Television broadcast band—those frequencies in the band extending from 44
to 216 megacycles which are assignable to television broadcast stations.
These frequencies are 54 to 72 megacycles (channels 2 through 4), 76 to
88 megacycles (channels 5 and 6), and 174 to 216 megacycles (channels
7 through 13).

Television channel—a band of frequencies 6 megacycles wide in the television
broadcast band and designated either by number or by the extreme lower
and upper frequencics.

Television transmission standards—the standards which determine the charac-
teristics of the television signal as radiated by a television broadcast
station.

Standard television signal—a signal which conforms with the television trans-
mission standards.

Television transmitter—thc radio transmitter or transmitters for the transmis-
sion of both visual and aural signals.

Antenna field gain—the ratio of the effective free-space field intensity pro-
duced at 1 mile in the horizontal plane, expressed in millivolts per meter
for 1-kilowatt antcnna input power to 137.6 millivolts per meter.

Free space field intensitv—thc field intensity that would exist at a point in the
absence of waves reflected from the earth or other reflecting objects.
Polarization—the direction of the clectric vector as radiated from the trans-

mitting antenna.

Effective radiated power—the product of the antenna power (transmitter-
output power less transmission-line loss) times (1) the antenna power
gain, or (2) the antenna ficld gain squared.

Service area—the service resulting from an assigned effective radiated power
and antenna height above average terrain.

Antenna height above terrain—the average of the antenna heights above the
terrain from 2 to 10 miles from the antenna. (In gencral, a different
antenna height will be determined by cach direction from the antcnna.)
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The average of these various heights is considered the antenna height
above average terrain.

B. VISUAL TRANSMITTER

Visual transmitter—the radio equipment for the transmission of the visual
signal only.

Amplitude modulation (AM)—a system of modulation in which the envelope
of the transmitter wave contains a component similar to the waveform
of the signal to be transmitted.

Aspect ratio—the numerical ratio of the frame width to frame height, as trans-
mitted.

Black level—the amplitude cf the modulating signal corresponding to the
scanning of a black area in the transmitted picture.

Color transmission—the transmission of television signals which can be repro-
duced with different color values.

Field frequency—the number of times per second the frame area is fraction-
ally scanned in the interlaced scanning.

Frame—one complete picture.

Frame frequency—the number of times per second the picture area is com-
pletely scanned.

Interlaced scanning—a scanning process in which successively scanned lines
are spaced an integral number of line widths and in which the adjacent
lines are scanned during successive cycles of the field frequency scanning.

Monochrome transmission—the transmission of tclevision signals which can
be reproduced in gradations of a single color only.

Negative transmission—transmission whereby a decrease in initial light inten-
sity causes an increase in the transmitted power.

Positive transmission—transmission whereby an increase in initial light inten-
sity causes an increase in the transmitted power.

Progressive scanning—a scanning process in which scanning lines trace one
dimension substantially parallel to a side of the frame and in which suc-
cessively traced lines are adjacent.

Scanning—the process of analyzing successively, according to a predetermined
method, the light value of picturc elements constituting the total pic-
ture area.

Scanning line—single, continuous, narrow strip containing high lights, shadows,
and half tones, which is determined by the process of scanning.

Synchronization—the maintaining of one operation in step with another.

Vestigial sideband transmission—a system of transmission wherein one of the
generated sidebands 1s partially attenuated at the transmitter and radi-
ated only in part.

Visual frequency—the frequency of the signal resulting from television
scanning,.
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Visual transmitter power—the peak power output when transmitting a stand-
ard television signal.

Peak power—the power over a radio frequency cycle corresponding in ampli-
tude to synchronizing peaks.

C. AURAL TRANSMITTER

Aural transmitter—the radio equipment for the transmission of the aural signal
only.

Center frequency—the average frequency of the emitted wave when modu-
lated by a sinusoidal signal; the frequency of the emitted wave without
modulation.

Frequency modulation—a system of modulation where the instantancous radio
frequency varies in proportion to the instantaneous amplitude of the
modulating signal (amplitude of modulating signal to be measured after
pre-emphasis, if used) and the instantancous radio frequency is inde-
pendent of the frequency of the modulating signal.

Frequency swing—the instantancous departure of the frequency of the emitted
wave from the center frequency resulting from modulation.

Percentage modulation—as applied to frequency modulation. the ratio of the
actual frequency swing to the frequency swing defined as 700-per cent
modulation expressed in percentage. For the aural transmitter of televi-
sion broadcast stations, a frequency swing of 25 kilocycles is defined as
100-per cent modulation.

The next group, arranged in alphabetical order, will define and expand, for
added clarity, the many television technical terms.

Aspect ratio—ratio of length to width of the scanning raster. Present stand-
ard is 4:3.

Average brightness—average illumination of the clements of one line, frame,
or televised scene.

Average-brightness level—a d-c component of average brightness as repre-
scnted by a fixed voltage level. This average level shifts as the average
brightness of the scene changes.

Back porch—that portion of the flat top of the blanking pulse between trailing
edge of the sync pulse and its own trailing edge.

Black level—voltage level at which picture tube blacks out. In a properly
adjusted system, black and blanking levels arc coincident.

Blacker-than-black region—super-sync voltage range between blanking and
sync tip levels.

Blanking level—a constant d-c level represented by the voltage level of the flat
tops of the blanking pulses. When the television signal reaches this level,
the picture-tube screen should black out.
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Blanking pedestal—flat-top portion of blanking pulses upon which the sync
pulse is mounted.

Blanking pulse—a pulsc used to blank or black out retrace lines at the receiver.
Vertical pulses are long duration; horizontal, shorter.

Camera delly—movable carriage upon which television camera is mounted to
follow changing scene conveniently.

Camera pre-amp—vidco amplifier which increases amplitude of weak signal
from pickup tube.

Cathode follower—a circuit which acts as an impedance transformer with
excellent frequency response.

Composite synchronizing waveform—that portion of the television signal
which has to do with the synchronization of the television system.

Composite television signal—the cntire signal, consisting of video signal and
synchronizing waveforms.

Constant impedance network—a network which presents a constant impedance
and, therefore, no frequency discrimination over a wide band of fre-
quencies.

Contrast—range of light gradations between the darkest and brightest portions
of a scene.

Counter circuit—a frequency dividing circuit; for example, with a 5:1 counter,
a 300-cycle input signal will produce a 60-cycle repetition rate output
signal.

D-c amplifier—an amplifier in which the d-c as well as the a-c component of
a signal is transferred between stages.

D-c restoration—a means of re-cstablishing a d-c level after it has been lost
by transfer of signal by a capacitor.

Delay circuit—a mecans of delaying one pulse with respect to another.

Dipole—a resonant antenna which is an clectrical half wave in length.

Electron gun—elements in a cathode-ray tube which form a highly concen-
trated, thin strcam of electrons.

Flicker—annoying light fluctuation caused by not cutting illumination ofl and
on rapidly enough or cutting it off for too long a period.

Front porch—that portion of the flat top of the blanking pulse between its lead-
ing edge and the leading edge of the sync pulse.

Iconoscope—a television pickup tube. It converts light energy to an equivalent
electrical representation.

Image dissector—a television pickup tube.

Image orthicon—a television pickup tube.

Instantaneous brightness—brightness of a single clement of the picture.

Inter-sync separation—a method of segregating the basic sync components.

Keying pulses—a scrics of pulses which control the inscrtion of various pulse
types into the compesite synchronizing waveform.

Kinescope—a television picture tube.

Leading edge—sharp change in voltage at beginning of a pulse.
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Linearity—proper proportioning of image at all points on the fluorescent
screen.

Line and combining amplifiers—amplifiers in which sync and blanking are
combined with picture to form composite television signal.

Loading—reduction of circuit Q with shunt resistance to obtain a broader
bandpass characteristic

Mike boom—movable microphone rod which can be moved about over the
heads of.the artists and out of sight to pick up specch and music.

Mosaic—photosensitive surface of pickup tube, which is scanned by an elec-
tron beam that releases picture signal from it.

Narrowing circuit—a method of reducing the width of a pulse.

Pairing—improper spacing of scanning lines causing loss of resolution. Lines
are paired instead of cquidistantly spaced.

Peaking coil—a small inductor used to improve the high-frequency response
of a video amplifier.

Persistence of vision—ability of the human eye to retain an impression of
illumination after the light source has been removed.

Picture tube—a television receiving tube. It converts clectrical signal into a
pictorial reproduction.

Pulse—a rectangular squared wave used as a synchronizing waveform.

Reproduced image—rcproduction of televised scene as it appears on flu-
orescent screen of picture tube.

Resolution—clarity and definition of a picture as set by the number of picture
clements.

Sawtooth—comparable to an asymmetrical sawblade. It is a gradual, linear
rise of voltage and faster decay. It is used in circuits which deflect the
scanning beams.

Sideband filter—filtcr which absorbs portion of a sideband not transmitted.

Scanning raster—that portion of screen swept by scanning beam. It represents
the illuminated arca on the face of the picture tube.

Serrated pulse—a pulsc used to synchronize scanning. Instead of a long, con-
tinuous pulse, however, it is interrupted for short intervals.

Shading regulation—an electronic means of removing spurious dark spots
which appear in the image.

Sweep circuits—circuits which generate sweep voltages that cause electron
beam to scan the pickup and picture-tube rasters.

Sync generator—circuits which generate the composite sync and blanking

waveform.
Sync pulse—a pulse used in synchronizing receiver scanning with transmitter
scanning.

Sync separation—a method of obtaining synchronizing pulses from the com-
posite signal at the receiver.

Sync tip level—the very top, flat portion of the sync pulse. Sync tip level rep-
rescnts a fixed d-c level.
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Televised image—tclevised scene as it is focused on photosensitive surface of
pickup tube by a lens system. .

Televised object—scene which is being televised.

Trailing edge—sharp change in voltage at ending of a pulse.

Vestigial sideband transmission—partial suppression of one sideband to
reduce channel width required to transmit a picture of a given definition.

Video amplifier—an amplifier which amplifies vidco frequencies. It is to be
compared with an audio amplifier which amplifies audio frequencies.

Video frequencies—those frequencies which convey picture information. Video
frequencies are comparable to audio frequencies except that they entail
a much broader band of frequencies.

Video signal—that portion of a television signal which consists of only the
actual picture information.

White level—voltage which represents peak illumination.

Wide-band amplifier—an amplifier which amplifies a wide band of frequencies.

QUESTIONS

Name all components of the composite television signal.

What is function of each component of the composite signal?

What is picture-to-sync ratio?

At what percentage of peak amplitude is the blanking level?

At what percentage is the black level? Maximum white?

During what percentage of total frame time is the beam blanked?

In how many microseconds must the horizental sync pulse rise from 1/10 to

9, 10 peak amplitude? In how many microseconds must the vertical sync and

equalizing pulses do the same?

8. During what percentage of an active horizontal-line interval is picture infor-
mation transmitted?

9. What is microsccond duration between leading edges of adjacent vertical sync
pulses?

10. What is repetition rate of vertical sync pulses?

Il. What is repetition rate of individual vertical sync- and cqualizing-pulse groups?

2. What is repetition rate of horizontal sync pulses?

13. How many lines arc transmitted per field?

14. How many linc intervals occur during the period the six equalizing, six ver-
tical sync, six equalizing pulses are transmitted?

15. What is the duration of a single equalizing pulse?

16. In the composite waveform of Fig. 23, how many microseconds does 1’
represent?

17. In the same drawing, how many microseconds does /7 represent?

18. Go through, from memory, the signal sequence from beginning to end of
frame.

19. What is meant by negative transmission?
20. Why must a slotted vertical pulse be used?
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Cllapter 3

GENERAL OPERATION
OF THE
TELEVISION SYSTEM

29. Television as an Entirety

In this chapter it is your task to follow the feeble picture signal generated by
the camera tube through its many processes until it finally reproduces the
camera image on the fluorescent screen of the picture tube. In following its
path, the characteristics of the many circuits it passes are discussed. Consc-
quently, an understanding of at lecast the purpose of the major components of
the television system will be gained. Later, in the study of specific circuit
detail, this understanding of the system as an entircty will be valuable. It is
much easier to grasp circuit detail if we know what is to be expected of the
specific circuit under discussion and how it fits into the cntirety.

30. Camera Tubes

The camera tube can be compared to the microphone of a conventional
broadcast station with the exception that the output of a camera tube is many,
many times weaker than the output of even the most insensitive microphone.
The two most widely used camera tubes today are the iconoscope and image
orthicon. The iconoscope, because of its excellent resolution and need for
intense lighting, is ideal for film projection and some studio application. For
remote telecasts, the image orthicon receives the nod because of its compact-
ness and ability to cope with an extremely wide light range.

ICONOSCOPE

The iconcscope (Fig. 27) consists of electron gun, deflection system, and
light-to-signal conversion elements. The electron gun has the same ecssential
elements as any cathode-ray-tube gun but is designed to concentrate the beam
to a much finer point on the photosensitive mosaic. Since it is not necessary
to strike the mosaic with a high-velocity, large-current beam, as in the picturc
tube, the second anode potential is in the vicinity of only 1,000 volts. The
deflection system for the iconoscope uses deflection coils. The sawtooth cur-

42
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rents, which pass through these coils, are of proper frequencies and ampli-
tudes to cause the clectron beam to scan the photosensitive mosaic, upon
which the image has been focused, in accordance with the standard interlaced
scanning pattern. It is important to note that the lens inverts the image on the
mosaic, and scanning of necessity starts at botiom.

The light-to-signal conversion clements consist of the light-sensitive mosaic,
the signal plate, the thin mica strip which separates mosaic arnd signal plate,
and a collector ring. Light distribution of the scene to be televised is gathered
by an external lens system and focused on the photosensitive mosaic. The
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FiG. 27 lIconoscope

mesaic is then scanned line after line by the iconoscope beam releasing elec-
trons in accordance with the photoelectric charges. These clectrons reach the
collector ring and constitute the picture-signal output of the iconoscope. Return
path for the picture signal is through the capacity existing between mosaic and
signal plate—thin mica sheet serving as the dielectric.

‘The mosaic is formed by depositing sensitized silver globules on a thin mica
sheet. These globules, though deposited very close together, are insulated from
cach other by the mica. Consequently, there is no serious exchange of charges
between globules, each globule maintaining its charge in accordance with the
intensity of the light striking it. Each globule is less than 0.001 inch in
diameter.

Since the scanning beam has a spot size or diameter of approximately 0.007
inch, a large number of globules are being scanned at any one instant. The
area covered on the mosaic at any one instant by the scanning beam is called
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an element. The total number of elements is a measure of the detail trans-
mitted. At present, the iconoscope has capabilities of scanning more elements
on the mosaic than the bandpass of the system or the spot size of the picture-
tube beam can adequately convey. The total number of pictuce elements for
the modern television system is better than 200,000.

The other side of the mica strip is covered with a conducting coating of
colloidal graphite, which forms the signal plate. Thus, each silver globule is
effectively capacitively coupled to the external circuit, with the mica serving as
the dielectric and the signal plate as the other capacitor plate. Since each
globule functions as a photocathode or tiny photoelectric element, a charge
appears on each cflective capacitor in accordance with the light focused on it.
It is this charge that determines the amplitude of the signal transferred to the
external circuit by way of the collector ring and signal plate at the time the
globule is scanned by the electron beam from the iconoscope gun. An unusual
feature is that the amplitude of the signal output is higher for a dark spot than
a bright spot.

The first point to realize in studying the operation of the iconoscope is that
the electron beam, as it arrives from the electron gun, is not a part of the out-
put circuit. Neither does the clectron stream serve as a return path for the
picture signal. The sole purpose of the electron gun and deflection system,
thercfore, is to supply a concentrated source of electrons which scan the
mosaic in accordance with the standard interlaced scanning pattern.

The actual signal circuit consists of the mosaic, signal plate, and collector
ring. This circuit is closed for each picture element at the time the beam strikes
it, knocking off secondary electrons which flow to the collector ring. Thus, a
circuit is closed from mosaic to collector and through the external circuit back
to signal plate and mosaic. Any variation in the current through this circuit
appears across the output load resistor and on the grid of the first amplifier.
When there is no light focused on the mosaic, there is essentially no photo-
clectron emission. However, sccondary current still exists when the mosaic is
scanned because the impact of the beam knocks off secondary electrons, which
flow toward the positive collector ring. In fact, when there are no photo-
electron charges, the greatest number of sccondary electrons are knocked off
and the greater becomes the absolute value of the current.

Now, at the time a scene is focused on the mosaic, each light-sensitive
globule emits photoclectrons in accordance with the light striking it. The more
intense the light, the greater the number of electrons emitted. These clectrons
are displaced from the element, causing the element to assume a positive
charge. The photo-emitted electrons themselves are not emitted with sufficient
velocity to get over to the collector. However, when the clectron beam strikes
this element, the number of electrons it knocks off is reduced in proportion to
the positive charge assumed by the element, which in turn is proportional to
photoclectron displacement and light intensity. This reduction in sccondary
emission and, conscquently, secondary current flow to collector is understand-
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able when we consider that the more positive any mosaic element becomes the
less attraction the collector has for the electrons remaining on the element.

Inasmuch as the charges on the globules differ in proportion to the amount
of light focused on them, there is a similar but inverse variation in the number
of sccondary electrons knocked off and in the amplitude of the output current.
Thus, as the beam scans across these dissimilar charges, the output current
varies inversely, producing an alternating picture signal across the output load,
which is a relative clectric variation of the light distribution on the mosaic.

A disadvantage of the iconoscope is the generation of a spurious dark-spot
signal. Actually, less than 25 per cent of the clectrons removed from an ele-
mert rcach the collector. The renmainder redistribute themselves indiscrimi-
nately over the surface of the mosaic. When an area that has been blanketed
with secondary electrons is scanned, a dark-spot signal appears in the output,
When an iconoscope camera is used, it is necessary to use a special shading
generator to generate an opposing signal, which cancels the spurious dark-spot
signal.

IMAGE ORTHICON

The image orthicon has exceptional sensitivity and permits televising a
scene in very low illumination. The resolution of the image orthicon is some-
what inferior to that of an iconoscope, although a special studio-type image
orthicon has improved resolution at a sacrifice in sensitivity. Sensitivity of
the image orthicon solves many of the major illumination difficulties in tele-
vision, and its versatility permits coverage of various types of programs having
widely separated illumination characteristics. Its outstanding advantages are:

1. Ability to cover all scenes of visual interest, particularly those under
low-lighting conditions.

2. Improved sensitivity, permitting greater depth of ficld and inclusion of
background that might otherwise be blurred.

3. Improved stability, which protects images from interference due to
exploding photoflash bulbs and other bursts of brilliant light.

4. Smaller size of tube, facilitating use of small telephoto lens.

5. Type of design, which permits construction of portable lightweight
camera equipment.

6. Improved gain control system to permit unvarying transmission, despite
wide fluctuations of light and shadow.

The image orthicon has thres main sections:

I. Electron image section to amplify the photoelectric current.

2. A low-velocity type of scanning section to scan the target in accordance
with the standard interlaced pattern. No spurious dark-spot signal is generated.

3. An clectron multiplier section to increase in amplitude the relatively
weak picture signal.

A functional drawing of the image orthicon (Fig. 28) divides the tube into
its three major sections. Light from the televised scene is picked up by an
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optical lens system and focused on the photosensitive surface immediately
behind the face of the tube. The surface clements emit electrons in proportion
to the strength of the light striking them. These electrons, accelerated by a
positive voltage and held on a parallel course by an electromagnetic field, flow
from the back of the photosensitive surface to a target. Secondary emission
from the target, caused by the impact of the electrons, leaves on the target a
pattern of varying positive charges (charge on each element dependent on the
number of electrons striking it), which corresponds to the pattern of light from
the televised scene.
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Fi1G. 28 Image Orthicon

The back of the target is scanned by a beam of electrons (standard inter-
laced system for commercial telecast application) generated by an electron
gun in the base of the tube. Electrons in this beam are slowed down to have
them stop just short of the target and return to the base of the tube except
when they approach an element which has a positive charge on it. When this
occurs, the beam will deposit enough electrons on the back of the target to
neutralize the positive charge, after which it will again fall short of the target
and turn back toward the gun. It is apparent, therefore, that the beam is modu-
lated, as it scans, by the varying positive charges on the target which are rep-
resentative of the light pattern of the televised scene.

The returning beam, with picture information imposed upon it by the vary-
ing losses of electrons left behind on the target, is directed toward the first of
a series of dynodes (electron multipliers) near the base of the tube. This
multiplying process continues, with the strength of the signal increasing at each
dynode, until it reaches the signal anode and is conveyed to an external circuit.

31. Camera Pre-Amplifier

The camera pre-amplifier is a part of the camera and as such is mounted
very near the camera tube. The camera unit is somewhat similar to a motion
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picture camera, and the studio version is mounted on a dolly for ease in
following a scene. The remote version of the television camera is mounted on
a tripod. The camera pre-amp is a part of the camera and must be positioned
near the camera tube as it is not possible to convey the feeble output of the
camera tube any distance because of attenuation and noise pickup.

This pre-amplifier must amplify the extremely weak output of the pickup
tube to a level (approximately Y4 volt peak to peak) satisfactory for transfer
of the signal through a coaxial cable to the distribution amplifiers. At the same
time, it must keep this very feeble signal above the tube and circuit noises and
pass uniformly all frequency components of the picture signal (approximately
30 cycles to 5 megacycles per second). Performing all these tasks simultane-
ously leads to a number of complications. Consequently, some compromises
are made. For example, one stage is designed to bring the signal out of the
noise with little regard to frequency response while another stage may consider
frequency response but have little regard for gain. Still another stage may just
afford an efficient means of coupling. Therefore, the video pre-amplifier is
designed to have the most gain and best signal-to-noise ratio commensurate
with its extended frequency response.

A typical stage layout for a camera pre-amp is shown in the functional
block diagram of a transmitter, Fig. 29. It is a characteristic of the output
circuit of a camera tube to sacrifice the very high-frequency components of the
signal in order to get the middle and low range of frequencies above the circuit
noise level. When the signal is so weak, circuit noises such as thermal agitation
and tube noises cannot be neglected. After the signal has been built up to a
higher levei by the video amplifier, this initial attenuation of highs must be
compensated for in a special stage called a high-peaker. The high-peaker
amplifies the high-frequency components of the signal more than the lows, and
therefore the frequency response is equalized.

The signal is further amplified and matched to a coaxial transmission line
through a cathode follower. Cathode followers are the transformers of the
television system. Needless to say, no physical transformer can pass the very
wide band of frequencies of which the picture signal is composed, and a
vacuum tube, properly connected, serves as a transformer (Fig. 30). A vac-
uum tube so connected has no gain but effectively matches a high-impedance
signal to a low-impedance line without a loss in high-frequency response.
Cathode followers are used extensively throughout the television station. For
theory and mathematics refer to Chap. 14.

32. Distribution and Control Amplifiers

The distribution amplifier has a function similar to that of the studio console
in a broadcasting station which mixes the signals from the various micro-
phones. The video distribution amplifier mixes the signals from the various
cameras and permits cameras to be switched in and out or faded in and out
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and permits picture from one camera to be superimposed on picture from
another. It adds to the versatility of the camera system. Monitoring facilities
arc also incorporated to permit cbservation of the scene picked up on each
camera although only one is feeding the transmitter.

The control or mixing amplifier is an amplifying, combining, and control
amplifier. It is here that all the components of the signal converge to construct
the composite television signal. It is in this amplifier that the relative ampli-
tudes of all signal components are properly set.

A block diagram of one type of mixing amplifier is shown in Fig. 29. Picture
signal from the distribution amplifier is first increased in amplitude by a video
amplifier stage and then is combined with blanking pulses. These blanking
pulses are inserted at the proper polarity with respect to the light and dark
polarity of the picture signal; it is necessary that the dark portions of the
televised scene be nearest the flat top of the blanking pulses.

A simplified schematic of a typical combining stage is shown in Fig. 31.
The picture signal appears across both plate resistors with the blanking pulses
inserted across the lower resistor. The resultant signal is then applied to a
so-called “clipper stage” which clips and levels off the top of the blanking upon
which stray signals might appear. The amount of clipping is generally made
variable so that there can be a precise adjustment of relative amplitudes
between blanking and picture to set properly the background brightness.

The combined picture and blanking are amplified again and passed on to
a second combining stage in which the sync pulses are added. Here again the
sync pulses must be of proper polarity to appear on top of the pedestal formed
by the flat top of the blanking. They must also be of proper amplitude to be
the top 25 per cent of the composite signal. The composite sync and composite
bianking signals both originate at the sync generator-shaping circuit (Fig. 29).

After the composite signal has been formed, it is coupled, again by means
of a cathode follower and coaxial line, to the video amplifiers in the modulator.

33. Sync Generator

The sync generator of the television station is the timing unit of the system.
In addition to serving as the basic timing unit, it generates, shapes, and
arranges in proper sequence all the pulses necessary in the control of the
525-line interlaced system.

The timing unit itself (Fig. 29) generates a control frequency of 15,750
cycles per second (line rate) or 31,500 cycles (double-line rate) and another
control frequency of 60 cycles per second (field rate). These timing frequencies
control the generation of the various horizontal and vertical pulses. As shown,
the line-rate frequency controls the generation of all three sync pulses—hori-
zontal, vertical, and equalizing. This might at first be confusing because we
know the vertical synchronization occurs only sixty times per secend. However,
when the vertical sync and equalizing pulses do occur. they come at a rate of
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31,500 per second, or deuble-line rate. Thus, their base frequency is double
the line rate. To make sure these double-iine rate pulses are used only every
1,60 second, a group of keying pulses arc generated under control of the field
rate control frequency from the timing unit. These keying pulses arrange the
sync pulses in proper sequence and form the composite sync signal, which is
applied to the control amplifier.

The timing unit also controls the generation of the horizontal blanking and
long-duration vertical blaniking pulses which are combined and fed as a com-
posite blanking signal to the control amplifier.

Another function of the sync generator is to generate and shape the camera
blanking and sync pulses (called fiorizontal and vertical drive pulses) which
synchronize the camera-sweep system. Thus, at the same instant that a sync
pulse is formed for transmission to the remote receiver, a similarly timed sync
pulse is formed to control the camera sweep. This, then, is the method used to
insurc a tightly locked television system. In summation, the sync gencrator
forms and shapes the following pulses:

1. Horizontal sync pulse, which is inserted in the composite signal to con-
trol the receiver horizontal sweep.

2. Horizontal driving pulse to control, at the same instant, the camera
horizontal sweep.

3. Vertical sync pulses, which are inserted in the composite signal to control
the receiver vertical sweep.

4. Vertical driving pulse to control, at the same instant, the camera vertical
sweep.

5. Horizontal blanking pulse. which is inserted in the con:posite signal to
black out the receiver screen during horizontal retrace.

6. Vertical blanking pulse, which is inserted in the composite signal to
black out the receiver screen during vertical retrace.

7. Horizontal and vertical blanking pulses to blank the camera-tube beam
during retrace intervals.

8. Equalizing pulses, which are inserted in the composite signal to produce
uniform vertical firing and prevent line-pairing at the receiver.

9. Keying pulses, which are used within the sync generator to insert the
various pulses into the composite signal in proper sequence.

34. Camera Sweep Circuits

The sweep circuit of the camera has the same basic stages as the deflection
system of the receiver—horizontal and vertical sawtooth generators plus hori-
zontal and vertical amplifiers. These circuits gencrate the deflection currents
which move the camera-tube beam through the same standard interlace scan-
ning pattern the picture-tube beam follows. They both move in synchronism
because camera and picture tube are locked in by similarly timed pulses.
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Camera sweep circuit also consists of a blanking amplifier which increascs
the amplitude of the composite blanking pulse from the sync generator before
it is applied to the blanking grid of the camera tube. In the iconoscope sweep
system it is also necessary to use a special correction stage to compensate for
the greater distance from the gun to the top of the mosaic than from the gun
to the bottom of the mosaic.

A shading generator is at times a part of the camera sweep system although
for studio work it is generally an external unit to itself. The shading generator,
again under control of horizontal and vertical drive pulses from the sync gen-
erator, generates periodic waves (sawtooth, parabola, and sine) of the line
and field rate which are injected into the picture signal at the pre-amp to
compensate for spurious dark-spot signal. The shading operator varies the
controls of the shading generator until the dark spots disappear from the image
he watches on the monitor.

35. Modulator and High-Frequency Transmitter

After the composite television signal leaves the control amplifier (Fig. 29),
it passes to the video amplifiers of the modulator, which increase the amplitude
of the signal to a level sufficient to modulate the transmitter. An unusual
requirement of the modulator section is that it must amplify a single-polarity
signal the average content of which varies with average brightness of the tele-
vised scene. A representative line with low average brightness and another
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with high average brightness are shown in Fig. 32. It is the task of the modu-
lator section to sustain these levels. In particular, the sync tip and blanking
levels must be held constant regardless of the variations in picture content and
average brightness. Thus, the modulator consists of d-c amplifiers and/or d-c
restorers which sustain the levels of the single polarity signal. If such stages
were not employed and conventional interstage coupling used, the signals
would arrange themselves about an axis of symmetry (plus and minus about
zero), and all the levels would shift with changes in scene brightness (Fig. 33),
and average signal brightness would remain fixed.

The transmitter proper is very similar to any high-frequency transmitter and
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consists of crystal oscillator, multipliers, and amplifiers which build the signal
up to rated power at the correct carrier frequency. One of the final stages is
modulated by the composite signal from the modulator. Generally it is the final
stage aithough some television transmitters usc class-B lincar amplifiers fol-
lowing the modulated amplificr.

The type of modulation used in television transmitters is conventional arid,
cathode, or plate modulation. But the means of applying the modulation to the
modulated stage differs. Here again, the coupling from modulator to modu-
lated stage differs because of the necessity for transferring the d-c component
of the composite signal. Thus, in television, direct-coupled grid, cathode, or
plate n:odulation is uscd.
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A simplified version of a dircct-coupled grid-modulated stage for high-
powered installations is shown in Fig. 34. In tkis svstem the modulator stage
is a cathode follower which is coupled through a coupling bias pack to the grids
of the modulated amplificr. The actual bias on the modulated-amplifier grids
is contributed largely by the bias pack and the current flowing through the
cathode resistor. Cathode current varies with the picture signal. Any change in
this cathode current, d-c change or a-c, is immediately felt as a change in grid
voltage in the modulated amplifier, effectively modulating the r-f output. Since
a definite cathode current represents the blanking level, the grid voltage that
occurs at this level is also constant and represents a certain r-f power output.
Inasmuch as modulator and modulated amplifier arc direct-coupled, whenever
the composite signal reaches the blanking level there will be this amount of
grid voltage regardless of the extent of the variations of the picture signal
between blanking pulses.

Since the frequency components of the picture modulation are at times in
excess of 4 megacycles, a number of special considerations must be given to
the design of the modulated amplificr because it must have a linear output over
approximately an 8-megacycle band (both sidebands). A high-frequency com-
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ponent of a certain voltage must produce the same r-f output as a low-
frequency of the same voltage. These considerations are:

1. To permit proper adjustment of modulation, r-f excitation, and band-
pass, variable coupling exists between modulated amplifier and preceding r-f
stagc.

2. Bandpass is flattened by a resistor which shunts the tuned circuit (par-
allel lines) of the modulated amplifier grids. In high-power installations this
resistor is often water-cooled because of the high power it must dissipate. Band-
pass is also affected by r-f coupling adjustment.

3. Bandpass is affected by loading of the modulated-amplifier plate circuit
(variable coupling) and flatness of antenna or linear amplifier when used.

The modulation of the r-f carrier of the commercial television station is
termed negative transmission because the darker the televised scene, the higher
the power output of the transmitter becomes. To obtain this characteristic, the
polarity of the modulation must be correct. With grid and plate modulation,
the more positive the modulating signal, the greater the power output; with
cathode modulation, the more negative the modulating signal, the greater the
power output. Consequently, the modulating composite signal must be positive
in polarity for grid and plate modulation and negative for cathode modulation.

Some of the characteristics of negative transmission as associated with d-c
modulation are:

1. Sync tips always represent a fixed carrier output with an instantancous
modulation close to 100 per cent.

2. Blanking level represents a fixed instantaneous modulation percentage
near 75 per cent; it may only vary (plus or minus) 2.5 per cent (assuming
sync tip is 100 per cent).

3. Average modulation percentage with no picture signal (only sync and
blanking) averages around 80 to 85 per cent (black signal).

4. As soon as picture modulation is applied, the average modulation per-
centage falls—the higher the average brightness of the scene, the lower the
average modulation.

5. The instantaneous picture modulation varies between the 15-per cent (or
less) and 75-per cent levels. Instantaneous modulation percentage of 75 per
cent represents a very dark spot; instantaneous modulation near 15 per cent,
a very bright spot.

From the above characteristics, we observe that blanking and sync represent
higher modulation levels than picture signal. The greater radiation during
sync and blanking intervals develops, at the receiver, a signal sufficient in
amplitude to drive the picture-tube control grid to a negative level which cuts
off the fluorescent screen. When the instantancous modulation percentage is
below 75 per cent, during transmission of picture signal, the screen is illumi-
nated—instantancous illumination being inversely proportional to modulation
strength.
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36. Sideband Suppression and Antenna System

Partial sideband suppression is employed to utilize the allocated channel
more fully, as explained, for it permits the transmission of higher frequency
components of the picture signal. This in turn permits transmission of a higher
definition picture. If we use channel 2, 54 to 60 megacycles, as an example,
we find the flat portion of the picture response extends from 54.5 megacycles
to 59.25, with the picture carrier located on 55.25 megacycles. Thus the high-
frequency sideband is 4 megacycles wide, extending from 55.25 to 59.25
megacycles; the low-frequency sideband is % megacycle wide, extending from
54.5 to 55.25 megacycles. It is, therefore, at 54.5 megacycles that we begin
suppressing the low-frequency sideband.

SIDEBAND FILTER

A simplified schematic of a sideband suppression system is shown in Fig. 35.
It has the following characteristics:

1. A constant impedance or load is presented to the power amplifier at all
times, regardless of the frequency of the modulating signal.

2. Energy is either radiated by the antenna or absorbed by the dissipating
resistors. High-frequency sideband, carrier, and part of low-frequency sideband
are radiated by antenna; remainder of low-frequency sideband is very largely
dissipated by the resistor. In high-powered installations this resistor is water-
cooled or is very long, presenting a large radiating surface to the air.

3. A scries resonant circuit, L2 and C2 at 53 megacycles, shunts the antenna
resistance. At the resonant frequency, this appears as a short circuit and pre-
vents frequencies in the vicinity of 53 megacycles, beginning at 54.5 from
being radiated by the antenna.

4. A scrics resonant circuit, L3 and C3 at 55 megacycles, shunts the dissi-
pating resistor, preventing the carrier and radiated sidebands from being lost
across this resistor. At the same time it presents the proper impedance to the
power amplifier to accept and dissipate the unwanted sideband in the form of
heat.

5. The input capacitor C/ and inductor L/ are of proper value to maintain
a constant load on the power amplifier. Therefore, the r-f amplifier gencrates
carrier and both sidebands just as though the sidebands were not present.

6. Other sections of filter sharpen the high-frequency cutoff and remove all
traces of signal at the adjacent channel sound frequency of the next highest
channel.

Although the tuned circuits in the simplified schematic ar2 shown as having
lumped constants, the actual circuits consist of sections of coaxial lines which
are, of course, much more efficient at these frequencies. By properly choosing
the length of these lines, they can be made to have the same characteristics as
tuned circuits.
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LOW-LEVEL MODULATION

Low-level modulation (Fig. 36) is also used in the design of some TV trans-
mitters. Modulation occurs in a low-level stage in which only a low-amplitude
video signal is necessary to fully modulate the class C stage. This expedient
simplifies modulator design. The broad-band modulated signal is now amplified
by class B r-f stages which, of course, must now amplify sidebands and carrier
—their broadness reducing their efficiency a substantial amount.
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When low-level modulation is used, a sideband filter is not required because
the undesired frequencies can be removed by detuning the class B stages. Thus,
in cach individual stage the suppressed sideband components are attenuated,
reducing these frequencies to an insignificant level at the antenna feed point.

TRANSMITTING ANTENNA

The transmitting antenna of the television picture transmitter is generally
a turnstile arrangement which has rcasonably uniform horizontal radiation
(i.e., emits a signal which radiates with equal strength in all directions hori-
zontally). Thus, a uniform coverage is obtainable.

It is a well-known fact that the radiation from a single dipole is broadside
to the antenna; consequently, one dipole would not scrve as a good trany-
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niitting antenna. If we take two dipoles and mount them at right angles to each
other, a more uniform horizental radiation can be obtained. However, to
obtain this uniform radiation, it is necessary that the dipoles be fed 90 degrecs
out of phase (current delivered to one dipole is maximum at the same instart
minimum current is being delivered to the other). A simple method to obtaia
this 90-degree shift is to make the transmission line feeding one dipole one-
quarter wave longer than that which feeds the other dipole.

Another factor which must be considered in the operation of a television
antenna is the bandwidth. That is, the antenna must have uniform radiation
over a wide band of frequencies in order to radiate the very-high-frequency
components (frequencies at cuter extremity of passband) and lower-frequency
components with the same efficiency. Consequently, the ordinary, straight
dipole is not satisfactory, for it is rather sharply tuned at the frequency for
which it is cut and falls off rapidly on the sidebands. Instead, a specially
shaped antenna, which has a larger effective radiating surface, is used. This
type of antenna is broad-band and radiates efficiently and uniformly over the
entire channel.

Still another point to be considered is vertical directivity (angle with which
signal is radiated with respect to the surface of the carth). Inasmuch as the
frequencics used in commercial telecasting are definitely linc-of-sight, the ver-
tical angle of radiation should be held down (30 degrees and under). Enecrgy
radiated at higher angles penetrates the upper atmosphere and does not return
to earth. It represents lost power which might well be used at lower angles to
improve signal strength. To improve vertical radiation at low angles, scctions
of antenna are stacked vertically to increase anterna gain and keep radiation
at low vertical angles or the antenna is mounted one-half wave above a good
ground surface. (This may be actual ground or a metallic surface, such as the
top of a building, which is efficiently grounded.)

37. Receiver Characteristics

The tclevision receiver ard its antenna pick up both the picture and sound
signals. Thus the antenna and r-f section of the receiver must have a reason-
ably linear response to a 6-megacycle band of frequencies. Picture and sound
signals are scparated in the input of the i-f system of the receiver, the sound
going into a conventional FM channel. The picture is amplified by its own i-f
channel to a level suitable for application to the video detector. Detected
signal is increased in level by a video amplifier and conveyed to the control
grid of the picture tube.

A portion of the signal is also taken off the video detector to be used in the
sync and sweep system of the receiver. This signal is segregated into vertical
and horizontal components (Fig. 37), and controls the generation of the hori-
zontal and vertical sawtooth voltages. Deflection voltages are increased in
amplitude and applied to the deflection system of the picture tube.
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Receiving antenna is directional toward the transmitter site and has a broad,
flat bandpass (width of channels to be received). If possible the antenna should
also have a certain amount of directivity in the vertical plane (low angles with
respect to horizon) to improve sensitivity and reduce pickup of noise signals
coming in at higher angles.

38. R-F Section

The r-f section of the receiver must also be broad band and have a uniform
sensitivity over approximately 6 megacycles. In most receivers, an r-f amplifier
is used between antenna and mixer to step up the signal before it reaches the
mixer and to isolate antenna and mixer. Of course, in all these broad-band
circuits, efficiency is relatively low and proper choice of parts and values is
imperative to obtain satisfactory results. Miniature tubes are used extensively
because of their greater efficiency for wide-band high-frequency scrvice. The
mixer stage generally uses a high-frequency pentode, and occasionally you
find a receiver with a triode mixer because of its lower noise level. in most
cases, a separate oscillator is used to permit an improvement in the conversion
action and signal-to-noise ratio of the mixing process. Local oscillator fre-
quency is on the high-frequency side of the picture and sound carriers.

Band switching is generally used in changing channels—the switch being
calibrated according to channel numbers. A band-switching arrangement per-
mits use of optimum valuc parts on all channels. Actual fine tuning is accom-
plished by varying the local oscillator frequency over a limited range. Of
course, the r-f section has its customary trimmers and padders for alignment.
While alignment is moderately involved, it is not required too often because
of the wide bandpass and more rigidly designed television r-f sections.

The receivers of today are designed to deliver a clean, noise-free picture
when 500 microvolts are delivered to the input. They will give satisfactory
performance on signals as weak as 150 microvolts.

Two operating controls are a part of the r-f section—channel-selector switch
and fine-tuning control. The selector switch throws in the proper inductors
and/or capacitors for the channel to be received; fine tuning varies the local
oscillator frequency for proper centering of the signals on the i-f bandpass.

39. I-F Systems

The i-f system of the television receiver increases the amplitude level of the
mixer output. I-f amplification does much to establish sensitivity and sclec-
tivity of the television receiver. There are two basic i-f systems—dual channel,
Fig. 37, and intercarrier, Fig. 37a.

In the dual channel i-f system, the picture and sound components are sepa-
rated at the output of the mixer or in one of the carlier i-f stages. In a typical
receiver a sound carrier component can exist on a 21.25-megacycle fre-
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quency and a picture component on a 25.75-megacycle frequency. Thus if
we have two separate i-f systems—one resonant to the picture carrier and
sidebands but not to the sound and the second resonant to the sound carrier
and sidebands but not to the picture—a means of separating picture and
sound becomes apparent. Consequently, the commercial television receiver
has only single antenna, r-f section, and local oscillator. Picture and sound
carriers appear at the plate of the mixer and are separated in the i-f system or
video amplifier.
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The picture i-f system is again a wideband amplifier, and although every
attempt is made to obtain high gain, the strict bandwidth requirements mean
sufficient gain is obtained only with the use of four to five i-f stages. The i-f
amplifier will deliver a 3- to 10-volt signal to a video detector for the normal
ranges of received signal strength. The detector output will give a 2- to 6-volt-
peak detected signal.

The over-all response curve of the i-f system is reasonably flat over a
3-megacycle band. Gain near the picture-carrier frequency is less than on the
lower frequency range of the bandpass. This tapercd response compensates
for the partial sideband suppression which occurs at the transmitter. A few
other special circuits are used in the i-f system to reject the associated sound
carrier, adjacent channel picture carrier, and adjacent channel sound carrier.
This prevents the appearance of interference bars on picture. In some receivers
one operating control, or contrast control, is a part of the i-f amplifier. It varies
the gain of the amplifier and, therefore, indirectly the actual peak-signal voltage
applied to the grid of the picture tube.

In the intercarrier receiver both picture and sound carriers are amplified in
a single channel. Picture and sound components are separated at the video
detector or in the video amplifier. In the amplification of both carriers in a
single channel, one carrier (picture) is made to dominate greatly the other
(sound). Consequently, the weaker carrier assumes the characteristics of a
sideband of the stronger—a sideband scparated by 4.5 megacycles from the
carrier (separation of 4.5 megacycles between the transmitted picture and
sound signals from station).
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The sound-carrier sideband appears as a 4.5-megacycle component at the
output of the video detector. A resonant circuit at the output of the video
detector or in the video amplifier can remove this sound carrier and apply it
to a 4.5-megacycle-sound i-f channel. This same resonant circuit and similar
ones also act as traps and prevent the appearance of the 4.5-megacycle com-
penent on the picture. They also prevent picture components from reaching
the sound channel and producing audio buzz. The sound channel contains an
amplifier, a discriminator, and an audio output.

40. Video Amplifier

After the picture signal is detected by the second detector, it is stepped up
in amplitude by the video amplifier before it is impressed on the control grid
of the picture tube. The picture signal, as it is detected, is of a single polarity
and similar to the signal as it originally appeared at the transmitter. In most
cases the receiver video amplifier is not direct-coupled throughout, and the
levels of the single polarity signal are not sustained. Consequently, the video
amplifier often contains a d-c restorer which re-establishes the sync tip and
blunking levels. As a result, the sync tip and blanking levels remain constant
while the average bias on the picture-tube grid varies with the average bright-
ness of the scene, as it should.

The gain of the video amplifier is sufficient to raise the peak video signal
up to approximately 60 to 120 volts for the picture tube. One operating
control, brightness, is associated with the video amplifier. It sets the d-c bias
on the picture-tube grid and, therefore, the average illumination of the flu-
orescent screen. In some few receivers the contrast control is also in the video
amplifier and varies the gain of the video amplifier instead of the i-f system.

41. Sync and Sweep System

The sync and sweep system, under control of the received sync pulses, gen-
erates the deflection voltages used to sweep the beam across and down the
fluorescent screen in synchronism with the camera-tube beam. First, the sync
is clipped from the composite signal by the sync separator (Fig. 37). Then the
intersync separator divides it into horizontal and vertical components. The
sharp leading edges of the sync pulses (horizontal, vertical sync, and equaliz-
ing) represent horizontal sync components; the long-duration flat top of the
vertical sync pulses form the vertical sync component.

Each sync component synchronizes the respective horizontal or vertical
sawtooth-forming oscillator or system. The properly timed sawtooth voltages
are now amplified and applied to the deflection coils or plates of the picture
tube. When deflection coils are used, a sharp transient voltage is generated
inherently in the horizontal coils; this is often rectified and used as a source
of high voltage for the picture tube.
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Six operating controls—horizontal and vertical hold, horizontal and vertical
linearity, height, and width—are associated with the sync and sweep system.
The hold controls are simply frequency controls which bring the oscillators
within the range of control of the sync pulses. Once the sync pulses grab on,
the horizontal will lock in on 15,750; the vertical, on 60. The height and width
controls set the peak amplitude of the sawtooth and therefore determine the
width-and-height area of the fluorescent screen which the beam scans. The
linearity controls ensure a straight-line sawtooth and, therefore, prevent crowd-
ing and distortion of the picture as it is painted on the fluorescent screen by
the electron beam, element by element and line after line.

QUESTIONS

What are the essential differences between iconoscope and image orthicon?

Briefly describe operation of iconoscope.

Briefly describe operation of image orthicon.

What is the purpose of high peaker?

What is the function of each pulse generated by the sync generator?

Explain in detail just how camera-tube and picture-tube beams are synchro-

nized together.

7. What unusual characteristics of the composite television signal require use of
d-¢ amplifiers or d-c restorers?

8. Describe action of sideband filter.

9. List the functions of the distribution and control amplifiers.

10. Draw, from memory, a complete block diagram of the transmitter.

11. What must be the frequency of the local oscillator on channel 6 to produce a
25.75-megacycle picture and a 21.25-megacycle sound?

12. Explain just how it is possible to use one r-f section and one local oscillator
to receive two signals simultaneously.

13. Why must the response of the picture i-f system be so broad?

14. What are functions of sync separator?

15. What are functions of receiver video amplifier?

16. What is function of intersync separator?

17. Why is it necessary to have both a horizontal and vertical sawtooth generator?

18. Does a vertical sync pulse also contain a component of horizontal sync?

19. If a 3-megacycle component of modulation is released from the camera tube,
what i-f frequency will represent it in the picture i-f channel of the receiver?

20. Draw, from memory, the complete block diagram of the receiver.
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R-F AND
I.F SYSTEMS

42. Wide-Band Amplification

In the amplification of the television rf or i-f signal it is necessary to amplify
a very wide band of frequencies because frequency components of modulation
in the television system are at times in excess of 4 megacycles. The r-f section
of the television receiver, on each channel, must amplify linearly a 6-megacycle
band of frequencies. The i-f amplifier cf the receiver must also amplify a band
of frequencies almost as great. Sharply resonant circuits, although they repre-
sent high Q and efficiency, cannot be used because they amplify only a narrow
band of frequencies about the resonant frequency. In wide-band service, Q
and stage gain are wot the only considerations. Instead, we try to obtain the
best gain at the required bandwidth. In fact, we must sacrifice gain to obtain
lincar amplification over a wide band of frequencies.

The gain of a wide-band stage can be closely approximated by the simple
formula: Gain = g,,R;. The resistive component of the load (Fig. 38) or the
R in the formuia is, in many cases, set by an actual physical resistor which is
shunted across the output tuned circuit to reduce its Q. A lower 0, of course,
means that the tuned circuit is not sharply resonant and passes a band of
frequencies. However, the actual peak gain of this stage is reduced in the
presence of this shunt or load resistor. At times this resistive component of
the load also includes the resistance of the amplifier tube in shunt with the
loading resistor in the case of a low-resistance tube. More often if a low
Q-tuned circuit is used, the resistive component (at times a reflected compo-
nent) of the tuned resonant circuit also forms a part of the resistive com-
ponent of the load. However, inasmuch as the actual physical loading resistor
shunted across the tuned circuit is so low, a very practical approximation of
the stage gain can be obtained by multiplying the g, times the value of the
loading resistor.

The value of this resistive component, which must shunt the output tuned
circuit of 2 wide-band amplifier, per given band width can be calculated from
the following simple formula: R = X,f,/2f, in which X, represents a reactive
branch of the tuned circuit at the resonant frequency, f, is the resonant fre-
quency of the tuned circuit, and f, is the bandwidth or change in frequency.
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It is apparent, therefore, that the resistive component of the load can be made
higher, and therefore the stage gain is larger, when the reactance of inductor
and capacitor is high and when the ratio of the resonant circuit frequency to
the bandwidth is low. Thus, the greater the bandwidth required, the lower the
value of the resistor, and therefore the more we load the tuned circuit and the
more we reduce the stage gain (Fig. 38). To obtain an appreciable signal with
such a low value of load resistor, it is necessary that the tubes have a high
mutual conductance. The mutual conductance, or g,, of a vacuum tube is a
measure of how efliciently the tube converts a small change in grid voltage to
a large change in plate current. It is the large change in plate current for a
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given grid signal that we require in a wide-band stage to develop an appreciable
voltage variation across a low value of plate-load resistance. Thus, the only
tube that is really practical in wide-band service is a high-g,, tube such as the
6AC7, the 6AKS, and the 6AGS5. These tubes also have low input and output
capacities, another feature of a wide-band amplifier necessary to obtain the
best gain at a prescribed bandwidth.

To obtain the best gain at the required bandwidth, it is also necessary to
keep the reactive branch of the load high. The reactive component of the load,
of course, is dependent on the L-to-C ratio of the tuned circuits. If the induct-
ance is high and the capacity low, as in a high L-to-C-ratio tuned circuit, the
inductive and the capacitive reactance is high. At the resonant frequency, of
course, these two reactances are equal and act in shunt to produce a resistive
component, or X, in the formula, which is high when the inductive reactance
and the capacitive reactance are high. Thus, the tuned circuits of the wide-band
stages are designed with a high L-to-C ratio because the more inductance and
the less capacity we have per given resonant frequency, the higher the X, of
the tuned circuit.
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The L-to-C ratio of the wide-band stage is made high by keeping the capac-
ity low, using the following arrangements:

1. Tubes such as the 6AC7 and the newer riniature-type tubes are used
because their input and output capacities are so very low per g,,.

2. Wiring capacity and parts capacity to ground are held to an absolute
minimum.

3. In many receivers, no physical capacitors are used to tune the tuned
circuits; instead, the inductor of the tuned circuit resonates with the total dis-
tributed capacity of the circuit at the required frequency. The tuned circuits
are adjusted to the exact frequency by means of movable cores in the
inductors.

Another factor which increases the permissible value of the R for a given
bandwidth is the ratio of the tuned-circuit frequency to the bandwidth. It is
apparent that the permissible value of R is higher when the bandwidth is low.
Likewise, it is higher when the tuned-circuit resonant frequency is high in
comparison to the bandwidth. Therefore, it appears expedient to increase the
frequency of the wide-band stage, or in the case of an i-f system to increase
the i-f frequency, in order to obtain a greater gain for given bandwidth. This
is exactly what has been done in the newer model receivers, which has
increased their i-f frequency to the 40- to 45-megacycle region and higher
from the 20- to 25-megacycle region. However, to take full advantage of the
increase in the basic i-f frequency, the reactive component of the tuned circuits
must also be high. In the prewar television receiver it was not feasible to
increase the i-f frequency because of the limitations of the tubes and tuned
circuits. Before the development of low-capacity tubes and efficient high-
frequency resonant circuits, the L-to-C ratio decreased too much when the
resonant frequency of the i-f system was increased. If the L-to-C ratio falls,
of course, the X, in the formula decreases. Consequently, there was no rise
in the permissible R because, as the f,/fs increased, the X, decreased. How-
ever, with modern, efficient design and the use of miniature tubes, the X, is
held near the same value when the frequency of the i-f is raised.

When double-tuned transformers or bandpass T-load circuits are used in
the i-f stage, the gain formulas become much more complex. However, for
cach individual tuned circuit it is possible to use the simple formula given
above to find the load resistor value. In summation, the following general
characteristics apply to all types of wide-band stages:

1. Low-capacity, high-g,, tubes.

2. High L-to-C-ratio tuned circuits.

3. Resistor loading to increase the band of frequencies amplified linearly.

4. Some means of obtaining broad bandwidth by means of overcoupling
of tuned transformers or the use of stagger tuning.

For mathematical presentation of wide-band amplification, refer to
Chap. 14.
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43. Overcoupling

The basic method of obtaining overcoupling between two tuned trans-
formers, and a resultant broader bandwidth, is to place the two coils in
very close proximity to each other. When this is done, the double-hump
response characteristic (Fig. 40) is obtained. The separation between the
peaks of the double-hump characteristic and, thercfore, the bandwidth of
the bandpass, is determined by the degree of coupling between the two wind-
mngs. The closer the windings, the farther the two humps are spread. How-
cver, there is a practical limit to the degree of coupling because, as the double
hump spreads, the amplitude goes down and the valley in the center becomes
too deep. Nevertheless, this system of overcoupling is used extensively because
even a small amount of overcoupling widens the band of frequencies passed
by the tuned circuits,
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Fic. 40 Overcoupled Transformer

In addition to obtaining overcoupling by close magnetic coupling of the
windings of the tuned transformer, other methods of overcoupling (Fig. 41)
are used. The methods shown use a mutual element capacitor, inductor, or
tuned circuit to overcouple between the primary and sccondary windings. It
1s not now necessary that the magnetic lines of the primary link the secondary.
In many cases the primary and secondary windings are mounted in separate
shields. In circuit 4 the high side of the two windings are linked by a small
trimmer capacitor. With this method a very broad bandpass is obtained, and
the extent of the bandpass can be controlled by the value of the capacitor.
A typical value for this capacitor would be somewhere between 2 and 10
micromicrofarads. In circuit B a common inductor links the two windings.
A blocking capacitor in this case is necessary to prevent transfer of the plate
voltage.

In circuit C an actual tuned circuit (not tuned to the resonant frequency
of the transformer) is used as a means of mutual overcoupling. The advantage
of this particular type of overcoupling is that the tuned coupling circuit serves
iwo functions—the first, as the means of overcoupling; and the second, as
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a tuned resonant circuit that presents a maximum impedance to some unde-
sired frequency, preventing the transfer of this frequency between primary
and secondary windings. In this application it is called a tuned trap, and in
many television receivers it is tuned to the adjacent channel sound frequency
or the associated channel sound frequency, two frequencies which are not
wanted in the picture i-f system because they cause a series of bars to appear
on the picture. It is interesting to note that the tuned trap acts as a mutual
capacitor or a mutual inductor at the picture i-f frequency, depending on
which side of the picture i-f frequency it is tuned. If it is tuned to some
undesired frequency above the picture i-f frequency, it acts as an inductor
because the lowest reactance element dominates in a parallel circuit. When
it is tuned to some undesired frequency below the picture i-f frequency, it
acts as a mutual capacitor so far as overcoupling is concerned. In other tele-
vision receivers a bandpass T transformer is used to couple between the plate
of one stage and the grid of the next. This type of bandpass or overcoupling
system is shown in Fig. 42.
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44, Stagger Tuning

A system called stagger tuning is also used to amplify linearly a broad
{requency band. Basically, the stagger-tuned i-f system (Figs. 43 and 44)
consists of i-f stages which arc not all tuncd to the same frequency. For
example, in Fig. 43 only alternate stages arc tuned to the same frequency.

FIRST
FREQUENCY

+Be

+B SECOND /\m. FREQ.
FREQUENCY 2nd. FREQ/\
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FiG. 43 Stagger-Tuned Wide-Band Amplificr

Thus, the response of an individual stage is not too broad; however, the
responsc of a number of stages, cach tuned to a different frequency, produces
a broad bandpass characteristic. The over-all response characteristics of the
stagger-tuned i-f system is a double-hump characteristic similar to the double-
hump characteristic of an overcoupled stage. It is possible to remove the
valley of the double-hump characteristic by tuning a stage or two to a fre-
quency midway between the two resonant frequencies of the stagger-tuned
i-f system. In this case the i-f system becomes a triple-tuned i-f system.

This stagger-tuning idea can be carried still further; in fact, in the RCA
receivers the individual stages are each tuned to a different frequency. A
simple breakdown of this type of i-f system is shown in Fig. 44. It can be
seen that cach stage has its own individual resonant frequency and response

EACH TUNED TO
DIFFERENT ,FREQUENCY

+B =

F1G. 44 Stagger-Tuned, Single-Tuned Transformer



§45] WAVETRAPS 69

and that the over-all response of all stages is the ideal response characteristic
of a picture i-f system. Some stagger-tuned i-f systems use a double-tuned
transformer (Fig. 43), while other systems use just a single-tuned transformer
between i-f stages (Fig. 44).

45. Wavetraps

Wavetraps are used throughout the i-f system of the television receiver to
reject unwanted frequencies. These traps are particularly designed to reject
the many sound i-f frequencies. The sound modulation on these i-f carriers
would cause a disturbing bar pattern on the picture-tube screen if they were
permitted to reach the picture detector. Some locations for wave traps in the

TRAP AND
—— MUTUAL
COUPLING

el

PROXIMITY
TRAP c
Q000

MUTUAL

CATHODE
PROXIMITY
TRAP

\

CATHODE
/ TRAP

F1G. 45 Insertion of Wavetraps



70 R-F AND I-F SYSTEMS [Ch. 4

picture i-f systems are shown in Fig. 45. In circuit A4, a tuned circuit is placed
in close proximity to the regular inductor of an i-f tuncd transformer. This
tuned trap is floating and removes energy at its resonant frequency from the
regular i-f system in the same manner as an absorption wavemeter would draw
cnergy from a tuned circuit in a transmitter. In this case, however, the trap
is placed very close so that it absorbs a good amount of the undesired fre-
quencies which might be present in the regular tuned circuit of the i-f stage.
This is called a proximity wavetrap.

In circuit B the tuned transformer is placed between the high sides of the
regular primary and secondary of the tuned transformer between i-f stages.
In this position it serves as a trap to the frequency to which it is tuned and,
at the same time, scrves as a mutual coupling element at the frequency of
the picture i-f system. Inasmuch as it is a parallel resonant circuit or a maxi-
mum impedance resonant circuit at the frequency at which it is tuned, no
signal of that frequency is transferred between the primary and secondary
windings.

A wavetrap can also be inserted into the bandpass T method of coupling,
as shown in circuit C. Other parallel resonant circuits can be inserted at
various other points in the picture i-f systems to reject the unwanted fre-
quencies. For cxample, a small trap can be inserted in series with the grid
lead, as shown in circuit D. Here again, it is a parallel resonant circuit in
scries with the signal path and, therefore, rejects the frequency to which it
is tuned. The same kind of trap can be inserted in the cathode circuit of a
tube, as shown in circuit E. This serves as a very efficient means of rejecting
unwanted frequencics because the amount of rejection is less dependent on
the Q of the resonant circuit. Actually, in this type of connection, a degen-
crative voltage is developed across the parallel circuit in the cathode which
almost completely nullifies the grid signal. Thus, the cffective grid signal is
very much reduced at the frequency to which the parallel circuit is resonant.
At other frequencies the impedance of this circuit is, of course, very low, and
the cathode of the tube is effectively returned to ground. Undesired energy
and undesired frequencies can also be absorbed from a cathode coil by means
of a proximity trap, as shown in circuit F.

46. Miniature Tubes for Television

The miniatire tube is synonymous with economical, efficient television-
receiver production. It not only permits reduction in size of the television
chassis, but its operating characteristics permit broad bandwidth and improved
amplification because of higher mutual conductance and low interelectrode
capacities.

The figure of merit of a vacuum tube used in wide-band service is the ratio
of its mutual conductance to the sum of the tube’s input and output capacities.
The mutual conductance, or g,,, of a tube is the ratio of a change in plate cur-
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rent to a given change in grid voltage, or: g, = dlp/dEg. Consequently the
g of a tube is the measure of how effectively a tube can convert a small
change in grid voltage to a large change in plate current. Of course, the larger
the plate-current change per given grid signal, the greater the output voltage-
or plate-voltage variation. Actually, in wide-band applieation, the output
voltage is the product of the plate-

current change times the load imped- RE e
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portant. The gain of such a stage
(Fig. 46) is determined mainly by
the value of the shunt load resistor,
which shunts the tuned circuit to broaden its bandwidth. The approximation of
stage gain for such a stage, as discussed before, is g,, times the load resistance.
The value of the load resistor per given bandwidth is determined by the in-
ductance-to-capacity ratio of the tuned circuit which it shunts. Inasmuch as the
tube interelectrode capacity is a part of this tuned circuit capacity, the L-to-C
ratio becomes higher when the interelectrode capacity is low. Here again, the
value of the shunt load resistance is set by the interelectrode capacity, and its
value becomes higher as the interelectrode capacity is lowered. Thus, the tube
with high g,, and low capacities gives us a greater gain per given bandwidth.

MINIATURE TUBE DATA CHART

Capacitances Voltages

Tube — -— — _

Type gp gk pk EPRENS E, &m
6J4 4 5.5 0.24 150 — R, = 100 12,000
6J6 1.6 22 4 100 — Ry, = 50 5.300
6AKS 0.02 4 2 180 120 R, = 200 5.100
6AGS 0.025 6.5 1.8 100 100 R, — 100 4,750
6BA6 0.0035 5.5 5 100 100 R, = 68 4,300
6C4 1.6 1.8 1.3 250 — —8.5 2,200

The physically small minjature tube has these characteristics—high g,, and
low electrode capacities. (Refer to the accompanying chart.) Those character-
istics of a miniature tube which make it an efficient, low-capacity, wide-band
amplifier are:

1. Physically small elements.

2. An efficient cathode and close spacing between control grid and cathode.

3. Small surface area and short leads along with ample spacing between
leads coming from the individual elements of the tube.



72 R-F AND I-F SYSTEMS [Ch. 4

Small physical surface means there is less capacity between elements. At
the same time, the control grid is closer to the cathode and exerts more control
over the electron strecam. Therefore, the mutual conductance is higher.
Although the capacity between control grid and cathode increases as spacing is
decreased, the mutual conductance increases as the square of the decrease in
spacing. Consequently, the figure of merit of the tube is higher because figure
of merit is the ratio of conductance to the interelectrode capacity. The small
physical size of the element keeps the interelectrode capacity well down
beneath that of the conventional tube.

The miniature tube is also a very efficient tube at high frequency because
of its high-gain-to-low-noise characteristics. It is an inherent quality of high-

frequency receivers that the domi-
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pufd. are used. In the prewar television
Fi6. 47 Typical R-F Stage, Tl Overcoupled  Teceiver it was impossible to ob-
tain an appreciable gain because
of the broad band of frequencies which had to be amplified. In the new re-
ceivers, higher-g,, miniature tubes replace the high-g,, metal tubes, such as the
6AC7, giving a substantial increase in gain over a wide band of frequencies.

A typical r-f stage is shown in Fig. 47. Such a stage could also be an addi-
tion to a present television receiver, mounted on the television chassis or at
some remote point. Its small size makes it convenient for mounting on a
small subchassis which can be attached to the main chassis of the receiver.
1t is also possible to mount this r-f box close to the antenna termination where
it is free from noise and can amplify the weak signal being received before
it is conveyed through coaxial cable to the main section of the receiver. In
constructing such an amplifier it is necessary to keep the r-f leads short and
the wiring capacity at a minimum to take full advantage of the low-capacity
characteristics of the tube.

To keep the L-to-C ratio and the gain high, it is necessary that the only
capacity we have in the grid-tuned circuit and plate-tuned circuit is the capacity
of the tube and of the wiring. Thus, no physical capacitor shunts the tuned
circuits. The tuned circuits are tuned to resonance by changing the inductance
of the coil. The resonant frequency is set by the number of turns of wire on the
coil and, over a limited range, by the spacing of the turns.

If the response of the r-f stage is too sharp, as indicated by ability to receive
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the picture but not the sound, or vice versa, or as indicated by a loss of hori-
zontal resolution, the response of the r-f stage can be broadened at the expense
of gain by shunting the tuned circuits with resistors. The bandpass of the r-f
stage can be broadened and the gain of the stage sustained by means of a
double-tuned input transformer (Fig. 47). The primary of the tuned trans-
former is shunted by a physical capacitor, which lowers the L-to-C ratio and
the impedance of the primary in order to match the antenna properly to the
input circuit of the r-f stage. The broad bandpass characteristic is obtained
by overcoupling the primary and secondary windings of the input transformer,
producing a double-humped characteristic, the bandwidth of which can be
controlled by the degree of overcoupling between primary and secondary wind-
ings. Overcoupling is obtained by bringing these primary and secondary
windings in very close proximity to each other, nearly touching each other.

Many miniature tubes have two cathode connections (pins 2 and 7 of the
tube socket in Fig. 47) to reduce the degenerative effects of cathode-lead
inductance at high frequencies. Screen and plate by-pass capacitors are
returned directly to pin 7; cathode bias and grid circuit, to pin 2.

The miniature tube is also an efficient mixer and i-f amplifier tube. The
high conversion transconductance of the miniature tube produces a signal
with a high signal-to-noise ratio.

The miniature tube can also be used as a local oscillator in the television
receiver because of its high mutual conductance and its high-frequency sta-
bility. Miniature tubes can be used throughout the television receiver—in
sound channels, video detectors, video amplifiers, sync circuits, and sweep
circuits. It is only in the power stages that it is advisable to use a conventional
tube. It is apparent that the miniature tube reduces the physical size of the
television chassis and standardizes tube types. Very few receivers will be
manufactured without their quota of miniature tubes.

47. Grounded-Grid and Cathode-Coupled Amplifiers

Two tubes suitable for wide television application are the miniature
triodes 6J4 and the dual triodes 6J6. The 6J4 miniature triode is a grounded-
grid amplifier, and the 6J6 consists of two high-g,, triodes. It is an admitted
fact that the advantage of the pentode in the amplification of i-f and r-f fre-
quencies is its high plate impedance, which means it will amplify a small
signal voltage to a much greater extent. However, in wide-band amplification
of i-f and r-f frequencies, the plate load impedance itself must be lowered
in order to pass the wide band of frequency; consequently, the advantages of
the pentode have been nullified. Thus, it is possible in wide-band service to
use a triode with a high g,, to give us approximately the same gain as a normal
pentode would. An added advantage of using a triode in this type of service is
that its inherent noise is much lower because of the absence of additional grids.
Another advantage of the triode in this service is its inherent lower impedance,
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which means that less severe external loading is necessary to cover a band of
frequencies. In fact, the triode amplifier is linear over a substantial band of
frequencies without any external loading at all. This is particularly the case
when a cathode-coupled arrangement is used.

A typical grounded-grid r-f amplifier is shown in Fig. 48. Note that the grid
is grounded, that the cathode and the plate are above ground, and that the
stage uses a tuned input circuit as well as a tuned plate circuit. Normally a

OuTPUT
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F1G. 48 Grounded-Grid R-F Amplifier F16. 49 Cathode-Coupled R-F Amplifier

tuned-grid tuned-plate stage would oscillate; however, in a grounded-grid stage
the grid is grounded and acts as a shield between input and output circuits.
Any feedback due to plate-cathode capacitance is not in proper phase to
produce oscillation. The advantages of the grounded-grid amplifier are as
follows:

1. Low impedance and an inherently broader bandpass characteristic.

2. Low electrode capacities, permitting high L-to-C ratio and greater gain
tuned circuits.

3. Low tube noises and a better signal-to-noise ratio.

The cathode-coupled amplifier (Fig. 49) uses the two sections of the 6J6
dual triode—first section is a cathode follower; next section, a grounded-grid
amplifier. The gain of this stage, although it consists of two triodes, is equiv-
alent to the gain of a good single-pentode stage. The number of component
parts are approximately the same; however, the cathode-coupled stage has the
following advantages:

1. Wide bandpass characteristics because of the inherently low impedance
triode.

2. Low noise characteristics, because internal noise is low in a triode.

3. Low input and output capacities and consequent high L-to-C tuned
circuits.
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4. Grounded-grid connection to minimize tendency to oscillate. The cou-
pling between the two triodes is due to commmon impedance of the cathode
inductor, which has a substantial reactance at the frequencies to be passed.
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Fic. 50 Cathode-Coupled Mixer and Oscillator

Another application for the cathode-coupled stage is shown in Fig. 50. In
this circuit, which shows a grounded-grid r-f amplifier and a cathode-coupled

stage following it, the cathode
coupled stage acts as a mixer. The
local oscillator signal is injected
by connecting a portion of the
oscillator coil between the grid
and ground of the second sec-
tion of cathode-coupled stage. Nor-
mally the grid is tied directly to the
ground.

These special miniature tubes
perform well at frequencies up to
500 megacycles and higher. Conse-
quently they will see wide applica-
tion in television relay and high-
frequency transmission. At these
frequencies, and for that matter at
lower frequencies too, it is well
to utilize a push-pull arrangement

TSI IR

Push-Pull Mixer-Oscillator

Fic. 51

(Fig. 51) to lower effective capacity and form a balanced high-frequency

circuit.
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Many tuned circuits used in high-frequency television circuits are so-called
linear tank circuits made of an eflective section of a transmission line. For
example, a quarter wavclength of transmission line shorted at the end will
act as a parallel resonant circuit and can be attached as such to a vacuum
tube circuit at its open end. One advantage of this type of a tuned circuit
(Fig. 51) is that it can be made to resonate at the desired frequency with the
distributed circuit capacity forming a high Q, high L-to-C ratio circuit. It can
be designed to be a low-reactance tuned circuit and minimize the effects of
lead inductance and circuit capacity. It also lends itself to switching systems
as its resonant frequency can be changed readily by simply moving the position
of the short at end of line (shorter the effective length of line between tube and
short, the higher the resonant frequency). It is not only adaptable to push-pull
circuits but is equally effective as a tank circuit for single-ended stages, replac-
ing the usual form of coil and capacitor. Linear tuned circuit is not always in
the form of straight rods but can be in form of a loop with a moving or
switched shorting bar or made of small coils added incrementally to change
frequency to some lower value. Concentric tank circuits are also adaptable.

47a. Cascode Amplifier

The development of the cascode amplifier and of special tubes, such as the
6BQ7 and the 6BK7, evolved from some of the special needs of the input
circuits or the r-f tuner of the television receiver. A most important considera-
tion is the signal-to-noise ratio of the tuner; assuming optimum design of the
remainder of the receiver, this ratio and the useful sensitivity of the receiver
are sct at the r-f amplifier stage of the tuner. When a triode amplifier, which
has the lowest noise figure, is used in the r-f input stage, the sensitivity of the
tuner will permit reception of a television signal of a weak level with a low
percentage of noise or snow in the picture. However, in television service, the
triode r-f stage has a number of disadvantages when used in the usual
grounded-cathode or grounded-grid amplifier connection. The triode r-f ampli-
fier is more subject to interference and lack of stability than is the pentode.
It also has a higher capacity between input and output circuits; consequently,
the local oscillator signal from the tuner can leak through to the antenna system
and cause interference on neighborhood receivers. In addition, the input
impcdance of the r-f stage varies substantially with changes of bias and, over
the wide band of frequencies necessary, changes the termination characteristics
presented to the antenna system. The higher impedance input of the pentode
permits some input circuit-gain and better selectivity, which makes the input
system less subject to interfering signals.

The cascode amplifier offers the advantages of pentode operation with the
use of triode amplifiers and their resultant low noise figure. A basic cascode
amplifier, Fig. 51a, consists of two triodes with the plate of the first triode
dircct-coupled to the cathode of the second. In effect, the first triode acts as
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a constant impedance input transformer, matching the incoming signal to the
cathode circuit of the grounded-grid second stage. The second stage of the
cascoce system provides the bulk of the amplifier gain while the first triode
establishes the signal-to-noise ratio of the received signal. The plate circuit
of the first triode is shunted by the very low impedance (a few hundred ohms)
of the cathode input of the grounded-grid amplifier. Consequently, the signal
level can be never any higher than the amplitude of the incoming signal at
the higher impedance input circuit of the first triode. Thus the signal amplitude
is not sufficiently high to cause oscil-
lation or instability. Nevertheless,

some form of neutralization is often @
used, not so much to protect the

stability of the cascode amplifier as gg T = s
T

to obtain a more uniform and lower #c, T
noise-input circuit over the very wide T o, T T
range of television frequencies. Al- BIAS >4 =
though the total distributed capacity Fig. Sla. Basic Cathode Circuit

contributed by the output capacity of

the first stage, the wiring capacity. and the input capacity of the second stage is
very, very low, its reactance can drop to a degenerative value on the high tele-
vision frequencies. Thus there is a degenerative phase shift, and a signal can be
fed back into the input circuit and affect its impedance characteristic ad-
versely. This defect can be eliminated by feeding an out-of-phase coraponent
from the plate circuit of the second triode 10 cancel teedback at the input
grid.

One advantage of the pentode stage is the shielding action of the screen
grid which holds the capacity between grid and plate, or input and output cir-
cuits, to a minimum. Consequently, there is less opportunity to feed signal in
either direction. When there is an easy path between input and output circuits,
interfering signals can feed dircctly through the r-f stage and into the remainder
«{ the recciver. Likewise, the local oscillator-signal component can find its way
out into the antenna system. The cascode an-plifier has the same low admit-
tance qualities as the pentode stage, because the input-to-output capacities of
the two triodes are cflectively in series, thus reducing the total effective capac-
ity. In addition, there is a low impedance to ground between stages which also
has a shunting influence on spurious signals traveling in either direction.

Still another consideration in the design of a television tuner is the range
of signal amplitudes it must be made to accommodate. A tunzr must be able ta
receive, without overload and distortion, a very strong signal when the receiv-
ing site is near the transmitter station. Conversely, in a distant location, it is
required to pick up an extremely weak signal and give full benefit of its low-
noise factor to its reception. To enable a tuner to utilize signals of such great
range in strength, a system of automatic biasing is employed in the usual tele-
vision receiver. This bias, as a function of signal strength, applies a negative
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voltage to the r-f amplifier stage, reduces the gain for reception of a strong
signal, and increases gain to permit reception of a very weak signal. During
the process of changing bias it is essential that the input impedance presented
to the antenna system be held essentially constant in order that it not mismatch
the antenna system and create loss of resolution and/or reflections. Again the
low impedance plate circuit of the first section and the small amount of ncutral-
ization kecp the input impedance reasonably constant for wide variations in
input stage bias. In addition, the direct-coupled connection between the two
triode sections that are effectively in series with the plate supply causcs the
plate voltage of the first section to change with a shifting bias. Therefore, cut-
off bias, itself, varies as a function of signal strength, and there is less danger of
overloading and of resultant cross-modulation with reception of strong televi-
sion signals. Thus the cascode amplifier has the same influence as a remote
cutoff opcrating condition has, but without the usual change in input impc-|
dance that occurs with remote cutoff operation.

Special tubes such as the 6BQ7, 6BK7, and 6BZ7 have been constructed’
in such ways as to enhance the advantages of cascode amplification. Each of
these tubes has been designed with minimum interelectrode capacity and with
the grid mounted as near as possible to the cathode circuit in order to produce
a high mutual conductance and, therefore, a peak gain from low impedance cir-
cuits. To keep a low admittance figure between input and output circuits two
triodes have been mounted in a single envelope with excellent shielding
between the two triode sections. However, the very nearness of the two triodes
means that a single short jumper can connect one triode to the other, that is,
from the plate of the first section to the cathode of the second section, and con-
sequently, the distributed capacity is held to an absolute minimum. In fact,
with this type of construction and the very low distributed capacity to ground,
no neutralization is required for low television-band operation. Special con-
struction of the control grid holds the plate-to-cathode capacitance to an
average value of only 0.135 micromicrofarad. The low input capacity and
the lack of degenerative feedback in cascode amplifier result in the input con-
ductance of the r-f stage being held at a very low value. Consequently, some
antenna circuit gain can be obtained, a voltage step-up existing between the
low impedance antenna termination and the few thousand ohms input im-
pedance of the grounded-grid section (high impedance input to the grid of the
first triode). A typical RCA-developed cascode amplifier using the 6BQ7 is
illustrated in Fig. 51b. This cascode amplifier consists of the tuned antenna
input transformer with a special shield between windings, which minimizes
direct capacity feed-through and reduces the possibility of interfering signals
entering the tuner. The secondary is shunted by a loading resistor in order to
keep the input impedance a bit more constant with changes in frequency and
d-c bias. The compact construction permitted by use of a 6BQ7 makes it
possible to avoid employment of external neutralization for low-band opera- |
tion. On the high band even a very small amount of shunting-distributed
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capacity could affect the noise factor adversely by reflecting a degenerative
compoenent to the input grid or by adding some of the noise content of the
second triode to the first one. This problem is overcome by employment of an
cffective series-resonant circuit consisting of inductor L and total distributed
capacity C. This resonant circuit is tuned near the center of the high band
and, consequently, sets up an extremely low impedance from the inter-stage
coupling line to ground. Therefore, even on the high band, neutralization can
be eliminated, the series-resonant circuit holding the coupling system to an
extremely low high-band impedance.
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Fic. £1b Cascode Amplificr with No Neutralization

The first triode section employs cathode bias, while the second or grounded-
grid amplifier section uses a small amount of contact bias that changes slightly
with signal level but permits maximum gain-setting of the bias for grounded-
grid amplification. However, the series connection develops a high signal
voltage across capacitor C,, which is the actual applied signial voltage for the
grounded-grid amplifier stage. The low
impedance input holds this voltage to
a value no greater than the input grid KN RFC
voltage, thus eliminating the possibility - A

of oscillation. A special cascode-bias % 1
!
AGC

OuTPUT

modification has been developed by v ok QW0
Philco for better accommodation of the
wide range of possible signal strength
to be received in a given locality. In F. 51c Philco Bias Modification
fact, with the spread of television into

new areas, practically every community is expected to receive a very strong
local signal and, at the same time, weak long-distance signals. It was found in
the usual cascode circuit, with the a-g-c bias applied to the first triode arid,
that upon reception of a very strong signal there was still the possibility of
overload and cross-modulation. This results from the fact that the first triode
has very little gain; consequently, a change in its bias does not appreciably
affect the over-all gain of the cascode amplider. However, by changing the
bias of the second tube, which is really the gain-stage, a better range of gain-
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shift can be obtained and can accommodate a wider range of input signal
levels. In the circuit, Fig. 5lc, the a-g-c voltage is appiied to the first grid;
however, a special bleeder-bias network has been connected to the grid of the
second scction; thus, the voltage from grid to ground is held constant, regard-
less of any changing amplifier gain and a-g-c bias. However, a change in the
a-g-c bias on the first grid immediately changes the plate voltage of the first
scction and thus the cathode voltage of the second section. With the grid
voltage of this second section being held constant, the appreciable change in
the cathode voltage of the second section then causes a great change in the
gain of the sccond stage or grounded-grid amplifier. Thus the change in a-g-c
bias has a much more decided influence on the over-all gain of the amplifier
and permits reception of a very weak signal with peak sensitivity and, at the
same time, reception of a very strong signal that requires only a low gain if over-
load and possible distortion of the picture are to be prevented.

48. Receiver R-F Sections

With the advent of miniature tubes, the r-f section of the television receiver,
consisting of r-f amplifier, mixer, and oscillator, has become a compact, efti-
- — . cient assembly. The entire r-f
section of thc new receivers is
mounted on a highly stable turret
assembly or multisection selector
switch which serves as a band-
switching unit for the 12 tele-
vision channels. All circuit com-
ponents are a part of the assembly
except signal, heater, and supply
voltage lines. Needless to say, the
small size of the miniature tubes
makes the unit all the more com-
pact. On this unit are generally
three switch wafers or tuned
sections which switch the r-f
amplifier, mixer, and oscillator
inductors channel by channel.
Other systems employ continuous tuning, permeability tuning, or printed-
circuit technique.

The r-f sclector tuner of an RCA model is shown in Fig. 52; a Farnsworth
version, in Fig. 53. Schematic diagrams of same units are given in Figs. 54
and 55. The RCA unit is a push-pull r-f amplifier, mixer, and oscillator
arrangement using transmission-line sections as parallel resonant circuits. A
grounded-grid r-f amplifier, pentode mixer, and triode oscillator arc used in
the Farnsworth assembly.

Fic. 52 RCA Selector Tuner
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One of the most ingenious tuning systems has been designed by Paul Weir
of the DuMont Laboratories. This system consists of a cathode input stage,
mixer, and local oscillator and is continuously tunable from 44 to 216 mega-
cycles. It covers television, FM, and other bands. The inductuner, as used
for television, consists of a three-section variable inductance arrangement
mounted in a die-cast housing. The three coils are mounted on a ball-bearing

Fic. 53 Farnsworth R-F Tuner

shaft and trolley arrangement (Fig. 56). The coil windings move through a
trolley contact which divides each coil into a used and unused portion. An
unusual and advantageous feature of the inductuner is that the Q of the tuned
circuits increases toward the high-frequency end. A schematic diagram of an
inductuner r-f assembly, as incorporated in a DuMont receiver, is also shown
(Fig. 57).

A simple, basic schematic of one section of an inductuner is shown in
Fig. 58. Coil L/ is a variable inductor, and the contact effectively moves
from the low-frequency to the high-frequency end of the coil. The contact
is shorted to the low-frequency end of the coil, keeping unused section of the
coil resonant at a very high frequency. The high-frequency limit of the tuner
is set by the fixed cnd inductor L/ and the circuit capacity needs. Conse-
quently, the tuncd circuit can be designed for maximum efficiency and proper
bandwidth at the high-frequency end of the bandpass. At this high-frequency
end of the desired bandpass, the top resonant frequency of the unused por-
tion of the coil is still high and does not interfere with the operation of the
tuned circuit. Thus, on this account, the resonant circuit of the inducturer
is varied by means of a tap along the coil, and the unused portion of the coil
does not affect the characteristics of the tuned circuit.
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It is also possible to construct an overcoupled transformer arrangement,
as shown in Fig. 59. This overcoupled transformer consists of two variable
coils and, of course. the two fixed end coils. To obtain the proper degree of
overcoupling over the bandwidth desired, it is sometimes necessary to usc a
combination of inductive and capacitive mutuai coupling between the tuned
circuits. Conscquently, as shown, overcoupling occurs between the two end
inductors and also by means of the common capacitor C3.
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Still other receivers such as Silvertone use an entirely separate high- and
low-band 3-stage tuner to obtain good efficiency at widely separated fre-
quencies. In Bendix tuners a single but separate high- and low-band resonant
circuit is used at each position a tuned circuit is needed (antenna input,
mixer, and local oscillator). Individual channel tuning is accomplished by

OVERCOUPLED SECTION
OF INDUCTUNER

6J6 15 430 / 430 15 6AKS

LOW — HIGH

END FIXED
- ———— = INDUCTANCE
ELECTRICAL HIGH FREQUENCY
SHORT END OF TUNING

TROLLEY T

Cr
Fic. 58 Basic Inductuner Circuit FiG. 59 Overcoupled Inductuner
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position of a permeability tuning slecve with relation to the main inductors.
The advantage of such a system is no moving or switched contacts except
when switching between high- and low-band stations.

49. R-F Amplifier and Mixer-Oscillutor Characteristics

The three major functions of the r-f amplifier of the r-f section are: (1)
to increase receiver sensitivity; (2) to improve signal-to-noise ratio; and (3)
to prevent local oscillator radiation. A high-gain r-f stage increases receiver
sensitivity; however, it must be remembered that in television bandwidth is
an equally important consideration, and tubes and circuits must be chosen
which produce an acceptable gain over a broad band of frequencies.

One source of interference when television receivers are grouped is local
oscillator radiation off the receiver antennas. These locally generated signals
feed into receivers set on other channels and destroy the resolution of the
picture. The presence of an efficient r-f stage isolates to a limited extent the
local oscillator from the antenna system.

The mixer-oscillator system of the present television receiver is carefully
designed to convert r-f to i-f with peak efficiency. When the antenna and
transmission line are properly installed in a reasonably noise-free location,
the primary source of noise is the r-f amplifier or the mixer oscillator. An
appreciable noise in the television receiver is the mixer-conversion noise. But
the greater the signal on the grid of the mixer and the more efficiently the
converter utilizes this signal, the more the signal will rise above the noise.

Conversion conductance is a measure of how effective a tube is in convert-
ing a grid-voltage change at signal frequency to a plate-current change at the
i-t frequency. This conversion conductance is always less than the actual
mutual conductance of the tube. Nevertheless, conversion efficiency can be
made ample by holding up the L-to-C ratio of the grid-input and plate-output
tuned circuits and by injecting the local oscillations from a separate local
oscillator directly into the signal control grid of the mixer. In many television
receivers triodes are used as mixers because of their ower noise char-
acteristics.

Some of the features of mixer-oscillator systems for television are:

1. Bandswitching. Inasmuch as proper choice of parts value and the
mechanical arrangement of the tuned circuits are so very critical in obtaining
the most gain at the required bandwidth, one set of operating constants will
suffice as an efficient combination at only one frequency. Consequently chang-
ing channels is done by means of bandswitching; often an entire new set of
constants is substituted for each channel. Thus the r-f section operates at
optimum efficiency on each channel. This system, of course, affords a very
convenient method—push buttons or rotary switches—for the televiewer to
change channels. In some receivers, a high-efficiency continuous-tuning system
is used which tunes over 12 television channels in one or two bands.
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2. A small variable capacitor is used for fine tuning, varying the local
oscillator frequency over a limited range (less than 1 megacycle). Inasmuch
as the r-f amplifier and mixer stages are very broadly tuned, it is necessary
to vary only the local oscillator frequency to set the picture- and sound-carrier
frequencies at the proper point on the i-f bandpass characteristic.

3. Push-pull amplifier mixer and oscillator stages are sometimes used
because of their high-frequency efficiency. These stages employ linear tank
circuits which can be conveniently tuned by shorting bar arrangement.

4. In many r-f transformer circuits the resonant circuits are tuned by
varying the resonant circuit inductance with a movable metal core. This
method does not require variable capacitors, which would add capacity to
the circuit and lower the L-to-C ratio.

5. Use of tubes which have a high conversion conductance, particularly
miniature tubes with low capacities. Separate oscillator tubes used with grid
injection of mixer tube to raise conversion efficiency (more i-f signal per given
signal on mixer grid).

6. Use of special resonant circuits and filters to reduce sensitivity of r-f
sections to i-f and other low frequencies. These filters and resonant circuits
insure maximum transfer of desired signals and maximum rejection of unde-
sired signals. Thus, high-gain i-f systems can be used without danger of feed-
back or interference.

7. Relatively low-value grid resistors or other loading resistors are often
used to load the tuned circuits somewhat and to flatten the bandpass char-
acteristic.

The local oscillator tube also has high mutual conductance and low capaci-
tics to oscillate cfficiently and with stability at the high frequencies necessary.
Tubes such as the 6J6, 6C4, 6]5, and 7A4 are used as oscillators and are
connected in modified Hartley or ultra-audion circuits. When switching chan-
nels, the local oscillator must also be changed. This is done in most receivers
by adding or subtracting sections of inductance from the tuned circuit. In
some few receivers it is accomplished by switching actual trimmer capacitors.
Each oscillator-tuned circuit, corresponding to a certain position of channel
switch, is tuncd by means of a movable core or small trimmer capacitor. A
small variable capacitor called a fine-tuning control is used for precise setting
of the local oscillator frequency on each channel. By means of this control,
which changes only the oscillator frequency, the picture and sound carriers
are properly located on the i-f band-pass characteristics. Thus the exact i-f
frequencies are produced in the mixer output. It is not neccssary to vary the
other tuned circuits for this fine adjustment, because they are inherently broad
with respect to the small frequency variation of the local oscillator necessary
to put the i-f picture and sound carriers on frequency. The i-f frequencies of
television receivers are in the 20-to-50-megacycle or higher frequency regions.

Local oscillator is tuned to the high-frequency side of the picture and sound
carriers. For example, when set on channel 4 many commercial receiver local
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oscillators are tuned to 93 megacycles. Two difference frequency compo-
nents exist:

Local oscillator frequency, 93 megacycles, minus picture-carrier frequency,
674 megacycles, equals a picture i-f frequency of 2534 megacycles.

Local oscillator frequency, 93 megacycles, minus sound-carrier frequency,
713 megacycles, equals a sound i-f frequency of 21% megacycles.

It is apparent, therefore. that the mixer of the television receiver functions
as a dual mixer because it acts as a mixer for the picture and sound signals.
Consequently, because of this dual mixing and the spacing between picture-
and sound-carrier frequencies, two i-f frequencies are produced with a single
local oscillator.

50. Antenna Matching Input Circuits

To obtain the highest gain and the best signal-to-noise ratio, it is necessary
to match the antenna and transmission line system precisely to the input of
the r-f amplifier or, in the case in which the antenna excites the mixer, to the
mixer grid. Consequently, the input transformer should match the high im-
pedance of the input circuit of the tube. One simple method of matching
antenna to grid-input circuit is shown in A, Fig. 60. Here the antenna is

A B

LOW

DISTRIBUTED
CAPACITY HIGHC =

Fic. 60 Antenna Matching Methods

coupled to a low-impedance portion of the grid-input circuit through a few
turns of wire located near the ground end of the tuned circuit. A higher gain
method is shown in B, which utilizes a tuned primary and tuned secondary. In
this system the impedance match is a function of the L-to-C ratios of the
primary and secondary tuned circuits. The secondary has a high L-to-C ratio
and, therefore, a high impedance to match the grid circuit of the tube, while the
primary has a low L-to-C ratio and, consequently, a low impedance, which
matches the antenna and transmission-line system. Thus, the secondary is
resonated to the proper frequency by means of the distributed capacity of the
circunit. which, of course, is very low. The primary has an actual capacitor
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shunted across it. This capacitor has a substantial capacity and lowers the
L-to-C ratio of the primary. In switching bands, both the primary and sec-
ondary tuned circuits are replaced by other sets of primary and secondary
tuned circuits.

A third method is employed in other receivers (Fig. 61). This system has
still higher gain and consists of two mutual couplings. First, the small antenna
winding is coupled to the primary tuned circuit by means of a few turns
located at the low impedance end of the primary tuned circuit. Primary and

ANT.

+B

FiG. 61 Pcntode R-F Amplifier

secondary windings arc then overcoupled to obtain the double-humped broad-
band characteristic. Consequently, the coupling between the untuned antenna
winding and the primary constitutes the impedance match, and the coupling
between the primary and secondary windings is a control of the bandwidth
of the tuned eircuits and is overcoupled.

In the RCA, Farnsworth, and DuMont r-f assemblies, the antenna system
is terminated across actual resistors. The RCA input termination (Fig. 54)
uses two 150-ohm resistors in series; the Farnsworth receiver uses a single
150-ohm cathode resistor (Fig. 55) shunted to 90 ohms because of its pres-
ence in the grid and plate circuits of the grounded-grid stage.

51. Tuner Features

The responsibilities of the television tuner are many, amplification and con-
version being the two most obvious, Fig. 62. A tuner must have the required
bandwidth if all components of the incoming signal are to be amplified uni-
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formly. At the same time, the edges of the bandpass must fali off as rapidly as
possible, thus reducing interference from adjacert channels, Fig. 63. A satis-
factory tuner is also expected to have many additional features, such as high
signal-to-noise ratio. good image rejection, freedom from second harmonic
mixing, weak local oscillator radiation, a minimum of direct i-f feed-through,
and positive durable switching.

BALANCED PEAK SENSITIVITY. = HIGkh SIGNAL —
INPUT TO-NOISE RATIO — PROPER BANDWIDTH
-—_

MIXER L, TOIF

FROM
—_——
ANTENNA RF. AMP. AMP,

Y

MINIMUM LOCAL
REJECT SIGNALS ABOVE AND OSCILLATOR INTO
BELOW CHANNEL FREQUENCIES R.F. AMP.
— REJECT BROADCAST FM— REJECT
IF. RANGE INTERFERENCE

LOCAL
STABLE —STRONG /
OSCILLATIONS OF OSCILLATOR

A GOOD TUNER

Fig. 62 Features of a Good Tuner

The higher the gain of the tuner per required bandwidth ard noise content,
the more sensitive -he tuner is said to be. Not only should the tuner have an
essentially constant gain over each channel (constant gain means a uniform
bandwidth), but gain should not vary appreciably from one channel to
another. In many tuners, however, one can expect to find less high-band sensi-
tivity. Gains average between 20 and 30 over the television channels (voltage
delivered to i-f input, as compared to signal applied to input antenna terminals
of tuner).

If true picture resolution and proper sound level are to be retained, the
bandwidth must extend over the 6-megacycle channel. In order to render an
image truthfully, the response must be essentially flat over this 6-megacycle
span, no more than a 30-per cent dip or valley being permitted at the center
of the response curve. With an ideal response the gain would fall off abruptly
at the “end” of the channel. However, practical design and the cost factor do
not permit such a sharp cut-off, and the response is permitted to taper off.
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Such a slow decline in response means the tuner has greater sensitivity to
adjacent channel signals.

A tuner must add an absolute minimum of noise to an incoming signal.
A low noise level indicates a good signal that will produce a clean picture with
a motionless background. Even a weak signal, if it is not ridden with input
circuit noise, can produce a usable picture. When the tuner’s noise level is
high the background of the picture becomes shaky and unstable; signal-to-
noisc ratio is, therefore, a very important factor in fringe-area reception.

PICTURE SOUND
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Fi6. 63 Channel 3 Response of a Tuner

Interference rejection is a trying problem when a unit functions with a wide
acceptance band and little selectivity. Tuners must be planned and designed
carefully if they are to minimize stray signal pick-up. The frequency ranges
at which a receiver is particularly subject to interference are as follows:

1. On channel

2. Adjacent channel’s sound and picture

3. Image interference, consisting of local oscillator plus signal frequencies,

local oscillator plus i-f frequency, and twice local oscillator plus and
minus i-f frequency

4. Direct i-f feed-through

5. Local oscillator radiation

RESPONSE CURVE AND ITS SIGNIFICANCE

The response curve discloses much about the performance of a tuner on
each channel. The curves are not identical on cach channe! as might be
expected, because certain departures from the ideal flat curve are permitted in
the interest of economical design. There are specific limits to these departures
that can be checked on response curve of each individual channel. The varia-
tions are in the form of bandwidth, tilt, and center valley or dip, Figs. 64a and
64b; as the receiver is switched from channel to channel, the response curve
changes slightly but must not be permitted to exceed specific limits.

Each of the individual tuned circuits does not have a linear flat response.
Instead, each contributes a certain segment of the desired and over-all re-
sponse. Several possible arrangements are illustrated and can be classified in
a number of basic approaches. The most common arrangement is that of a
single-tuned input circuit and an overcoupled double-tuned circuit between
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r-f platc and grid of mixer. The over-all respcnse is formed by the combina-
tion of the two curves—input tuned circuit having more influence on the
center of the curve, overcoupled resonant circuits on the sides and skirts of
the over-all responsc. Usually a special bandwidth control is present in the
overcoupled transformer to permit optimum adjustment per bandwidth and
steepest skirts. The sharper input response adds selectivity and permits estab-
lishment of a higher signal-to-noise ratio at the r-f amplifier input circuit,
allowing a better noise factor for a given over-all bandwidth. If two r-f stages
are used, the individual resonant circuits can be staggered in order to give the
desired over-all response, and on occasion, an input tuned circuit is used that
is either broadly rescnant or overcoupled.

INPUT TRANSFORMER
TUNED TUNED
CIRCUIT CIRCUITS
INPUT PLATE-GRID OVERALL @
1ST RF. 2ND RF.
AMP AMP
chl:zsz% TUNED TUNED MADXER
l ouTPUT ouTPUT
NONE /\ /\ /\/\
1ST RF. 2ND RF. OVERALL

202 Wa VAR

FiG. 64a

Usually the bandwidth of a tuner on a given channel is a function of the
amount of overcoupling between the r-f plate and mixer grid-tuned circuits.
A specific circuit element, cr the proximity of two tuned circuits, sets this
bandwidth individually on the high- and low-band channel groups. However,
at the low-frequency end of either band the ratio of carrier frequency to band-
width is smallest; for a fixed setting of any bandwidth centrol, it means a
narrower bandwidth is obtained at the low-frequency end than at the high-
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frequency end of the specific channel group; thus it is more difficult to obtain
necessary bandwidth at the low end of channel groups (channels 2, 3, 7, and
8). A practical limit would place carriers no lower than 80 per cent levels
on the response drop-off (the sound carrier of certain intercarrier models can
be below this level) as per the first curve of Fig. 64b. At high-end channels
(6, 12, 13) the bandwidth tends to be too broad, widening the noise- and
interference-acceptance bandwidth. The 50-per cent down points should cer-
tainly nct be separated by more than 10 or 12 megacycles as per second curve.
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FiG. 64b Tuner Responsc Limits

It is difficult to obtain optimum loading on all channels, because resistive
damping is also a function of bandwidth and frequency of operation. Thus,
response curves are not flat on all channels, and practical bandwidth-setting
to cover such a wide range of frequencies often places a valley between over-
coupled humps. It is recommended that this valley dip no lower than a 70
per cent level. Still another response defect, because of the inability to retain
optimum loading and tuning on each channel, is the tilt shown on the latter
drawings. Tilt must not be permitted to drop below a 70-per cent level for
either carrier, Fig. 64b.

52. Commercial Tuners

The RCA input elevator transformer consists of two 150-ohm sections of
effective transmission lines, formed by interlacing two windings on a coil-form,
Fig. 64c. Impedance of 150 ohms is obtained with proper spacing and diam-
eter of wires, For a 300-ohm termination, the one coil is attached to each leg

FiG. 64c Coil Plan of RCA FElevator Transformer
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of the line—the twe sections being in series across the line to form a 300-ohm
termination and to act as a balance-to-unbalance transformer, Fig. 64d. The
resulting advantages of the transformer-type windings for these lines are the
more uniform impedance over a wide range of channels and the ability to shunt
unbalanced and spurious signals on the line which are attempting to penetrate
into the tuner. The desired resonant and balanced signals find a proper termi-
nation and pass unimpeded into the tuner (coils act as a continuation of the
line), while unbalanced signals meet a high impedance and are shunted to the
ground by the transformer-action.

In the 75-ohm position, the two transmission-line sections (coils) of 150
ohms are connected in parallel to form a 75-ohm termination for a coaxial-
type transmission line.
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The RCA tuner, shown schematically in Fig. 64e, uses a cascode r-f ampli-
fier and a triode oscillator and pentode mixer. To obtain satisfactory sensi-
tivity and bandwidth, four separate resonant circuits are used in the tuner, as
demonstrated in the simplified schematic of Fig. 64f. There is a tuned-grid
circuit for the first triode section of the amplifier, a tuned-plate circuit for the
second triode of the r-f stage, a mixer resonant circuit, and a local oscillator-
tuned circuit. The inductances that comprise these resonant circuits are
mounted around the periphery of the various selector-switch sections. As the
selector switch is turned from the high end to the low end of the VHF band,
inductances are progressively added to the original inductance, each addition
lowering the frequency of rescnance. At the same time, proper selectivity and
bandwidth must be retained as the frequency changes progress from the high
to the low end of the VHF spectrum.

The antenna system is attached to the elevator transformer input circuit,
which also includes a special high-pass filter that rejects possible lower-fre-
quency interference (particularly interference in the i-f frequency range). It is
significant that special parallel resonant traps form a maximum impedance in
series with the signal path, rejecting in particular the sound i-f frequency of
414 megacycles and the picture i-f frequency of 45% megacycles. Conse-
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quently, possible feedback from the video i-f strip that could cause oscillation
or regeneration is eliminated at this point. If such interference did exist it
would appear most often as a pattern of thin vertical bars or repeats on the
picture. Interference is also possible from the harmonics of certain frequencies
in the i-f range (particularly harmonics that originate in the non-linear detector
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stages, such as the video detector or the FM detector), which can also feed
back into the input circuit and set up spurious beats. An FM trap is also
included in order to minimize possible interference from local FM-broadcast
stations. The inductors associated with these traps are adjustable, which per-
mits them to be peaked to exact frequencies. Likewise, inductors L6/ and
L62 can be set accurately to maintain the proper response curve, thus enabling
the filter to obtain maximum rejection in the i-f range and, at the same time,
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to offer proper sensitivity to channel 2 and 3 signals. A single input inductor
L54 kecps the input impedance characteristics reasonably constant over the
entire high band. However, to keep impedance characteristics more consistent,
incremental coils are added to L54 as the channel selector is rotated from
channel 7 back to channel 2. The signal from the antenna-matching unit is
conveyed through capacitor C79 to the series-tuned input resonant circuit of
the r-f amplifier stage. Proper bandwidth on the low band is obtained by using
shunting capacitor R/1/. The plate of the first section of the r-f stage is direct-
coupled through inductor L5/ to the cathode of the grounded-grid second
section. Also to obtain maximum rejection of i-f ronec interfering signals, a
special series trap, tunable with L65,

is included. No direct feedback is  mdrcrne

employed in the cascode amplifier, e
bui inductor L51, together with dis-
tributed circuit capacity, minimizes
phase shift; the partially degenera-
tive cathode circuit of the input r-f
stage keeps the input impedance to
the cascode amplifier essentially con-
stant over the necessary frequency
range.

A double-tuned resonant circuit
couples the r-f amplifier plate to the
mixer grid, with a mutual capacity
element controlling bandwidth and
selectivity—capacitor C/7 on the
high band and the series combi-
nation of C10 and C1! on the low-
band channels. An a-g-c bias is applied to the grid of the first section of
the r-f amplifier. In the group of resonant circuits discussed, the align-
ment capacitor C/8 has the greatest influence on the maximum amplitude
and sensitivity of the response curve; capacitor C/5 tunes the r-f amplifier
plate circuit and affects the frequency of the bandpass more noticeably than
do the other resonant circuits. Capacitor C79 tunes the mixer grid circuit and
influences the tilt of the curve, while capacitor C71 is the bandwidth adjust-
ment and primarily affects the bandwidth of the tuner-response curve. The
above controls affect the response of the tuner, in particular on the high-band
channels. A group of tunable inductors, 148, L50, and 153, control the band-
width and sensitivity of the tuner response on the low-band channels.

A combination pentode mixer and triode oscillator has been made possible
by the development of the 6X8 converter tube. The pentode mixer provides
increased conversion-gain and, because of the low interelectrode capacity
between plate and grid circuit, minimizes local oscillator feed-through into the
i-f strip of the receiver. An ultra-audion local oscillator circuit is employed

Fi6. 64f Simplified Plan of Tuner
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with various small capacitors that must be aligned to obtain proper tracking
over the entire VHF band. The difference frequency, after mixing action, is
developed across the resonant circuit at the plate of the mixer and is link-
coupled to the input circuit of the video i-f amplifier.

The Philco tapered line input is similar in some respects to the elevator-
type transformer. However, the interlaced windings are not spaced equidis-
tantly on each coil but have a progressively greater separation as they approach
the tuner side. Consequently, the impedance of the effective line section rises
by a factor of approximately two,
there being a voltage step-up to the grid
of the r-f amplifier stage, Fig. 64g. Again
the coiled line sections are tied in series
to match 300-ohm line and in parallel
for 75-ohm line.

ol — There are two basic tapered lines.
CHaNNEL One functions as a continuation of each
A B leg of the transmission line and trans-

FOR 300 FOR 75 . . .

OHM LINE OMHM LINE fers maximum signal to tuner input. A

FiG. 64g Philco Tapered-Line Input second method, Fig. 64h, attaches the

tuner input circuit to the windings of

each coil which have no direct connection to the antenna terminals. Conse-

quently, desired signal is transferred by transformer action. Some slight

transfer-loss exists, but there is more thorough rejection of unbalanced spuri-
ous signals on the linc.

The Philco tuner employs a cascode input stage using a 6BZ7, Fig. 64h,
which is a further improvement on the cascode type; it has a higher G,, and a
lower noise factor in addition to very thorough shielding between triodes and
consequent higher impedance between input and output of cascode amplifier.
To obtain the best noise factor and the least loading by transit time, a small
capacitor C505 neutralizes the input stage. It is connected from the plate of
the first section to the ground side of the input resonant circuit and, along
with C504, develops the necessary out-of-phase voltage to cancel the feedback
voltage that is coupled through the interelectrode capacities of the amplifier
tube. Inductor L572 and the input capacity of the grounded-grid amplificr
(second section of the cascode amplifier) are series resonant in the high band
and, consequently, minimize the neutralization problem. In addition, the series-
resonant condition assures that a high signal voltage is developed across the
input capacitor of the grounded-grid stage, thus permitting maximum transfer of
signal level. A-G-C bias is applied to the grid of the first section and a constant
bleeder bias to the grid of the second section to insure maximum a-g-c action.
This bias point is filtered for r-f variations as well as for power supply ripple.

The cascode amplifier output is coupled to the grid of the mixer via a
double-tuned transformer, the bandwidth of which is controlled by various
small capacitors that are switched into the circuit from channel to channel

RF. AMP
B —] GRID
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and which are connected across the high side of the resonant circuits. Incre-
mental inductances are switched into the circuit by the turret progressively
when the receiver is switched from channel /3 to channel 2. There are four
such incremental coil combinations, one for the cascode amplifier, two for the
interstage coupling system, and a final one for the local oscillator switching.
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A dual triode is used for the mixer local-oscillator combination. The circuit
employs grid injection from the ultra-audion local oscillator via the small
capacitor C5/3. There are convenient test points at the grid of the mixer
and at the plate circuit output of the mixer for alignment purposes. A low-pass
filter type of tuned circuit is used at the mixer output, a resonant circuit being
formed by capacitor C5/7, inductor 1529, ard the input capacity of the first
intermediate-frequency amplifier stage. This tcchnique permits low-impedance
coupling through a coaxial cable between major scctions of the recciver, n
this case, coupling the mixer output to the input of the i-f amplifier. Maximum
signal is transferred, regardless of low-impedzance path, because of the series
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current and maximum voltage developed across the input capacity of the first
i-f amplifier stage.

The General Electric tuner consists of a triode first r-f stage, a pentode scc-
ond r-f stage, and a dual triode mixer oscillator, Fig. 64i. The 6AB4 is con-
nected as a grounded-grid amplifier and has an excellent signal-to-noise ratio
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in high-frequency operation. The antenna system is matched through an input
transformer to the cathode circuit of the grounded-grid stage with the low-pass
input combination of C/00, L100, and effective series capacity from cathode
to ground; a suitable match is hereby established to the antenna system from
the cathode of the grounded-grid amplifier. On the low-frequency channcls,
sections of inductance are added progressively to the low side of C/23 to retain
proper impedance-matching over the low-band channels. The combination of
capacitor C/03 and inductors L/06 and L/02 is tuned to the i-f frequency
range and rejects signals attempting to enter the tuner in the 45-megacycle i-f
frequency range. This precaution is necessary for low-band channel operation,
because the desired signal-frequency range comes nearer and nearer to the
i-f frequency range.

A double-tuned and overcoupled transformer, consisting of incrementive
coil sections, conveys the signal between the first and sccond r-f stages. Band-
width on the low band is controlled by the mutual inductor L7 /4, on the high
band by the mutual capacitor C/05. The resonant transformer is properly
loaded by the degree of coupling and by grid resistor R7/04. A single-tuned
resonant circuit couples the plate circuit of the second r-f stage to the grid
of the mixer. Local-oscillator injection arrives at the same mixer grid via small
capacitor C/17 from the grid of the local oscillator. The local oscillator is a
conventional ultra-audion high-frequency type, using the second section of
the 12AT7 tube in a cathode feedback arrangement. The plate of the oscillator
tube is at r-f ground potential because of capacitor C/76, while feedback is
accomplished with inductor L7/50 between cathode and ground. The i-f fre-
quency output of the tuner is link-coupled to the first resonart circuit of the
video i-f strip.

Most tuners include separate high-band and low-band alignment-adjustment.
On the high band, capacitors C/04, C106, and C/08 adjust resonance and
gain of the two circuits while capacitor C/05 controls the bandwidth. On the
iow band, inductors L772, L1]19, and L/27 control resonant tuning while
inductor L7714 sets the bandwidth. In addition controls L/09, L116, and
L124 improve resonant cenditions at the very low end of the low band, chan-
nels 2 and 3. For local-oscillator alignment separate inductors are tuned on
each of the individual channels, with the fine-tuning capacitor C118 set at the
middle of its range.

The Standard Coil tuner, Fig. 64j, is a turret type that does not use an
incremental coil system. Instead it uses separate individual coils for the r-f
amplifier, mixer, and local-oscillator resonant circuits on each channei, and
as the channel sclector is rotated from one channel to another a different set
of coils is switched into the circuit for each. The Standard Coil tuner uscs a
cascode r-f amplifier and a 6J6 mixer-oscillator combination. A single set of
alignment adjustments is provided, and these are adjusted wiin the wner set
on channel /2. Capacitor (/3 controls the amplitude of the pattern and
capacitor C3 the center frequency. The combination of capacitors C3 and C6
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determines the over-all response and bandwidth of the alignment curve. There
is no bandwidth adjustment provided as such, because the bandwidth on each
individual channel is controlled in production with the mutual relationship
between inductors L3 and L4 on each channel strip. A separate local-oscillator
alignment-adjustment is provided for each channel of the tuner. In this type
of tuner, it is possible to remove any one of the VHF strips for an unused
channel in an area and to substitute a UHF converter-strip to permit reception
of a UHF channel.

53. Automatic Frequency Control

This innovation in the television receiver, aimed at better r-f stability and
elimination of the fine-tuning control, is automatic frequency control of the
local oscillator. In this system (Fig. 65) a reactance tube driven by the output
of the sound discriminator holds the local oscillator precisely on frequency.
Consequently, the sound does not drift in and out, and there is no critical
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adjustment of the fine-tuning control. In fact, there is no nced for such a
control at all.

In the Philco system, shown in Fig. 66, a 6J6 miniature is used as a com-
bination local oscillator and a-f-c reactance tube. If for some reason, such
as heating or shift in supply voltage, the local oscillator attempts to drift in
frequency, the center frequency of the sound i-f will also drift. Normally this
would cause the sound to cut off or distort. When a-f-c control is used, another
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F16. 66 Philco A-F-C Control of Local Oscillator

action begins when the sound i-f center frequency changes. For example, we
know that at any time the center frequency drifts, the d-c component of
discriminator voltage also changes. An a-f-c system utilizes this change in
discriminator output. Actually, as the discriminator voltage changes with
center-frequency drift, the bias on the reactance tube also varies.

The reactance tube in this case shunts more or less reactance across the
oscillator-tuned circuit in accordance with its grid bias; therefore, the oscil-
lator’s resonant frequency shifts. The cycle of events is as follows:

Local oscillator drifts.

Sound i-f center frequency drifts.

D-C component of discriminator voltage changes.
Reactance tube grid bias changes.

Shunt reactance changes.

Local oscillator restored to its original frequency.

SR S
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Inasmuch as only one local oscillator is used and it is held on frequency
by the narrow-band sound system, it is also held precisely on frequency so
far as the broader picture i-f system is concerned.

S54. General Characteristics of Television I-F System

The i-f system of the television receiver is complex because of the many
functions it must perform and the precautions which must be taken to prevent
interference. The primary function of the i-f system, of course, is to amplify
the picture signal at the output of the mixer to a level which will produce
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a substantial detected output. It must lincarly amplify a band of frequencies
from 4 to 5 megacycles wide to take full advantage of the high-frequency
components of modulation. The other major functions of the tclevision i-f
system are:

1. A mecans to separate the sound and picture i-f components is necessary.

2. Special-tuned circuits are necessary in the picture i-f systems to prevent
interfercnce by the associated channel sound, the adjacent channel sound,
and in some cases the adjacent channel picturc carrier.

3. The picture i-f carrier frequency must be detuned to the 50- to 60-per
cent level to compensate for the vestigial sideband method of picture trans-
mission. The ideal response for a television receiver at the r-f and i-f ranges
is shown in Fig. 67. The i-f response at two i-f frequency ranges is indicated
with channel 3 taken as a typical example. On channel 3 the picture-carrier
frequency is 61%4 megacycles and the sound-carrier frequency is 65% mega-
cycles. The local oscillator frequency of the television receiver is always higher
than the frequency of the incoming signals; therefore, with standard i-f fre-
quencies of 214 for sound and 25% for picture, the local oscillator frequency
is on 87 megacycles. Thus, if we trace the dotted line on the figure from the
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picturc-carrier frequency of 61%, we can observe how the i-f spectrum is
arranged on the drawing. Notice particularly that the i-f picture-carrier fre-
quency is detuned by 50 to 60 per cent on the i-f response characteristics.

RESONANT CHARACTERISTICS

The two most important factors to remember in analyzing stages with
resonant circuits are whether the resonant circuit is in series or parallel with
the signal path and whether it is a series or parallel resonant circuit. The
simple schematics of Fig. 68 demonstrate the basic resonant characteristics. In
drawing A, a parallel resonant circuit is inserted in series between the gen-
erator (vacuum tube can be considered as a generator) and the load (which
might well be the grid resistor of a following stage). Since it is a basic fact
that a parallel resonant circuit has a maximum impedance at resonance, it
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Fic. 68 Fundamentals of Resonant Circuits

opposes the transfer of a signal of the resonant frequency from the generator
to the output resistor. However. at frequencies which depart from resonance,
the impedance of the resonant circuit falls off and more of the signal reaches
the output resistor. In drawing B we have the same arrangement with the
exception that the tuned circuit is series resonant. Inasmuch as a series reso-
nant circuit offers practically no impedance to the resonant frequency, an
opposite transfer characteristic exists. Here the tuned circuit offers no opposi-
tion to a signal of the resonant frequency, it appearing almost in its entirety
across the output load resistor. However, at frequencies which depart from
resonance, the impedance of the series resonant circuit rises and opposes the
transfer of these frequencies to the output resistor.

In drawings C and D two other conditions are represented in which the
tuned circuits are the load (plate- and grid-tuned circuits of r-f and i-f ampli-
fiers) for the signal, and the resistance R is in series with the signal path to the
load (representative of the plate resistance of a vacuum tube). In this arrange-
ment no signal appears across the output when a series resonant (drawing C)
circuit is used and a resonant frequency is applied. At frequencies which
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depart from resonance, the impedance of the series-tuned circuit rises and
output voltage appears across this impedance. When the load is a parallel
resonant circuit (drawing D), its high resonant impedance causes maximum
output of the resonant frequency and a decreasing output as the frequency
departs from resonance.

The following facts concerning resonant circuits should be understood and
retained:

(a) Parallel resonant circuit has maximum impedance at resonance, devel-
oping maximum voltage across it. It draws minimum current from the source.

(b) Series resonant circuit has minimum impedance at resonance; mini-
mum voltage is developed across it. It draws maximum current from the
source.

(c¢) The resonant circuit can cither serve as a load across which an output
voltage appears or can be inserted in series with a signal path to oppose a
signal transfer.

(d) A parallel resonant circuit, as a load, develops maximum voltage at
resonance; as a serics insertion, prevents the transfer of the resonant signal.

(e) A series resonant circuit, as a load, prevents development of the
resonant frequency; as a series insertion, it prevents transfer of signals not of
the resonant frequency.

SIDEBAND CORRECTION

To conserve space in the television channel spectrum and to make trans-
mission of a better defined picture with only a 6-megacycle channel, a system
called partial sideband suppression is used. As shown in Fig. 67, the high-
frequency sideband of the received signal is flat over approximately a 4-mega-
cycle range while the low-frequency sideband is flat over only a 3% -megacycle
range. A 4-megacycle component of modulation, nevertheless, is transmitted
by the system with only a 6-megacycle channel. Normally, with symmetrical
sideband transmission, to transmit a 4-megacycle modulation component
would require an 8-megacycle channel. It is apparent that a component of
modulation of less than 34 megacycle will have a high sideband and a low
sideband while a component of modulation greater than 3% megacycle will
have only a high-frequency sideband. Thus, the video detector in the tele-
vision receiver is excited by two sidebands for components of modulation
less than 34 megacycle and by only one sideband for components of modula-
tion in excess of %4 megacycle. To compensate for this nonlinear detection,
it is necessary that we start tapering the i-f gain at about a 34-megacycle
point on the high-frequency side (actually this will be the low-frequency side
of the i-f spectrum signal). Thus. for a fixed amplitude-modulation com-
ponent, the detected signal will have the same amplitude for a low-frequency
component of modulation as for a high-frequency component of modulation.
To produce the properly tapered i-f gain, it is necessary that the picture i-f
carrier be down about 50 per eent of peak amplitude.
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Inasmuch as the picture i-f bandpass is very broad, it is very susceptible
to interference from signals with frequencies in the bandpass or near the
supposed ends of the bandpass. For example, the high-frequency limit of the
received r-f signal produces an i-f sideband component of 21.75 megacycles,
which is only 2 megacycle away from the i-f sound-carrier frequency. The
i-f system must be capable of amplifying the 21.75-megacycle sideband com-
ponent and have a much lower response to the 21.25-megacycle sound which
would put an interfering bar modulation pattern on the screen. To minimize
this sound-carrier signal, a high-impedance wavetrap must be used to absorb
and reduce sound signal in the picture i-f system.

Another source of interference in the television i-f system is the signal
which originates at the adjacent channel sound-carrier frequency. For example,
if your receiver is set on channel 3, the local oscillator is tuned to 87 mega-
cycles. Now, if there is a station telecasting on channel 2, its sound-carrier
frequency is of course located at 59% megacycles, which is only ¥4 mega-
cycle away from the frequency limit of the channel to which you are tuned.
Thus, if your recciver is a bit sensitive to 593 mcgacycles, this adjacent sound
carrier will enter your recciver, beat with your local oscillator frequency
(tuned to 87 megacycles), and produce an i-f signal in the plate circuit of
the mixer. This undesired i-f frequency will be, of course, 87 megacycles
minus 5934 mcgacycles, or 27%4 megacycles. As shown in Fig. 67, 27V4
megacycles is very close to the end of the high-frequency limit of the i-f
bandpass. Consequently, if the i-f system is the least bit sensitive to 27
megacycles, modulation from this adjacent sound signal will reach the video
detector. It is necessary, therefore, that we also have wavetraps in the picture
i-f system tuned to 27% megacycles to block these frequencies from the video
detector.

Occasionally there is interference from the adjacent channel picture signal
on the channel immediately above the channel to which you are tuned. Again,
if you are tuned to channel 3, your oscillator is tuned to 87 megacycles; and
if your receiver is the least bit sensitive to channel 4 when tuned to channel 3,
a picture-carrier frequency of 67% megacycles will enter your receiver and
beat with your local oscillator to produce an i-f frequency of 1934 mega-
cycles. It is necessary in some receivers to employ a 1934 -megacycle trap to
reject this adjacent channel picture signal. In summation, the three traps in
the picture i-f system are tuned to the sound i-f frequency, adjacent channel
sound i-f frequency, and adjacent channel picture i-f frequency.

55. Picture-Sound Separation

In the dual-channel receiver tuned circuits are used to separate the sound
and picture i-f carriers and sidebands. The sound i-f is, of course, very narrow
with respect to the picture i-f channel; consequently, a rather sharply tuned
circuit can be used to remove the sound from the output of the mixer or one
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of the i-f stages. A number of picture and sound separating systems arc shown
in Fig. 69. In the RCA rcceiver, which uses a single-tuned transformer and
stagger-tuncd i-f system, the sound is taken off in the converter transformer.
The sound is taken off in a sharply resonant circuit tuned to the sound-
carrier frequency and coupled near the regular plate load inductor of the
mixer. This proximity-tuned circuit is used to absorb the sound-carrier fre-
quency and sidebands which are present in the output of the mixer.
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FiG. 69 Picture-Sound Separating Systems '8
In the General Electric receiver (drawing B) sound is again picked up with
a proximity-tuned circuit. In this case the sound signal is withdrawn from the
secondary of a double-tuned i-f transformer between the first and second
picture i-f stages. Of course, in all cases when the sound is removed, it is again
further amplified in a sound i-f system. However, the sound i-f bandpass is
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not very broad, and only one or two stages are necessary before the signal can
be applied to the limiter and discriminator of the sound channel. The circuit
of drawing C also uses a proximity-tuned circuit which is coupled to the single-
tuned transformer between the first and second picture i-f stages. In some
television receivers two tuned circuits are present in the plate circuit of the
first i-f stage. These two tuned circuits are effectively in series, one of them
tuned to the picture-carrier frequency and the other to the sound-carrier fre-
quency. They present a maximum impedance to the frequency to which they
are tuned and a lower impedance to the other frequencies. Thus, in one tuned
circuit picture frequency dominates and in the other, sound.

It is to be remembered that in all the picture and sound separation systems
we do not completely remove one signal from the other. What is done in the
first step in a picture-sound separation is to make either the picture or the
sound dominate in a given tuned circuit. Thus, in the sound take-off tuned
circuit the sound dominates the picture; and in the picture-tuned circuit from
which the sound was absorbed the picture dominates the sound. In subsequent
stages, this ratio is raised and the picture dominates more and more until we
reach a point where the picture is the only signal present in the picture i-f
stage. Likewise, in just a few sharply tuned circuits, the sound dominates th
picture in the sound i-f channel.

56. Commercial Receiver I-F Svstems

The picture i-f system of the RCA receiver, shown in Fig. 70, employs a
stagger-tuned i-f system with single-tuned transformers. Four miniature-tube
i-f stages arc used employing 6AG5’s. Each tuned circuit is resonant to a
slightly different frequency producing the characteristics shown in Fig. 71.
The composite response of each of the individual tuned circuits produces the
desired over-all response characteristics. It can be seen that the converter
transformer T2 and the plate-tuned circuit of the first picture i-f are tuned
near the extremities of the bandpass of the i-f system. The remainder of the
tuned transformers are tuned at intermediate frequencies, producing the
desired over-all characteristics. The sound i-f take-off is a tuned circuit placed
close to the plate circuit of the converter transformer. The first sound trap,
which is an adjacent channel sound trap, absorbs this frequency from the
primary of transformer T703. A proximity trap associated with transformer
T104 absorbs the adjacent channel picture signal from the i-f system. The
associated channel sound trap is a proximity trap in the cathode circuit of the
fourth picture i-f tube. It absorbs the undesired sound signal from the primary
winding of transformer T105, which in conjunction with C131 series resonates
at 23.4 megacycles. Thus, so far as the desired signal is concerned, the cathode
is at absolute ground potential, and a maximum 23.4 megacycle signal is
developed across the output of the stage. The gain of the i-f system is varied
by means of a grid-bias control which varies the grid bias on the i-f stages.



60T

ADJ.

ASSO.
TO SOUND CHANNEL SOSL?SD
[N PICTURE TRAP
TRAP
6AGS5 c.ua 6AGS ci28

T104 e

Cl24
56

AANAN ANAAN/ —8 +135
R124 R130
150 150
—-— $ 28 - ?133

1
500 gV, 500
; PICTURE R129 ;'

CONTROL 2700
CONTRAST

6AT6

Fi6. 71 Individual Stage

and Overall Response = - Fi6. 70 RCA I-F System




110 R-I' AND I-I' SYSTEMS [Ch. 4

The picture control varies the grid bias on these tubes and, therefore, the gain
of the i-f system. It controls peak-to-peak amplitude of the detector signal
and, therefore, the contrast of the picture signal as it is applicd eventually to
the grid of the picture tube.

Each of the tuned transformers is loaded by a grid or plate resistor which
broadens the response of the tuned circuit for the required bandwidth. To
reduce hum pickup in the i-f system and to reduce i-f frequency loss and
tendency to oscillate, the heater circuits are returned very effectively to ground
by means of a filter capacitor and choke. This combination is used in the
heater circuits in all of the i-f tubes. The screens and plates are also returned
to ground through the proper decoupling resistors and capacitors.

A novel bias-control system is used in the i-f amplifier which permits the
bias of the i-f amplifier to be varied with the picture control but does not
affect the bias of the r-f amplifier until there has been a considerable change
in the sctting of the picture-control potentiometer of the i-f system. It can be
seen that the bias for the r-f stage is mainly controlled by the diode current of
the 6AT6 tube, and it is not until the arm is well down on the picture control
potentiometer that the negative voltage is applied to this plate of considerable
amplitude to cut the diode off and apply bias to the r-f amplifier.

The i-f system of a General Electric receiver is shown in Fig. 72. In this
receiver the picture i-f carrier frequency is 26.4 megacycles and the sound i-f
carrier is 21.9 megacycles. The i-f transformers consist of the conventional
double-tuned close-coupled transformers to give the best gain at the required
bandwidth. An adjacent channel sound trap is placed in close proximity to the
secondary of the first transformer 7'/, and an associated channel sound trap
is placed in close proximity to the secondary of transformers 72, T3, and 74.
The adjacent channel sound trap is tuned to 27.9 megacycles; the associated
channel sound trap is tuned to 21.9 megacycles. A pretuned trap is also
present in the cathode circuit of the second video i-f tube and is used to
broaden the attenuation around the associated sound channel frequency to
prevent serious overshoot or a sharp characteristic. A novel contrast-control
arrangement consists of a potentiometer and a diode. The diode rectifics 6.3
alternating voltage, which passes current through the contrast potentiometer
and another scries resistor to ground. The 6.3 volts is applied to the cathode
of the diode and a negative d-c voltage appears across the diode load, which
is the contrast potentiometer.

The tuned transformers are, of course, loaded with shunt resistors to
broaden the frequency response, and the plate and screen circuits are all
properly decoupled and filtered.

In other recciver models by General Electric ‘a single-winding i-f trans-
former is used (Fig. 72a), primary and secondary segments resonating (slug
tuned) at correct frequency with circuit capacity. Resonant circuits are loaded
by low-value plate and grid resistors.

The video i-f svstems of the DuMont receiver series use bandpass T cou-
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pling between stages (Fig. 73). The primary and secondary tuned circuits are
adjusted with movable cores and resonate with the distributed circuit capacity
at the proper i-f frequency. A mutual inductor overcouples between resonant
circuits. For example, between the mixer and first i-f stage inductor, L5 is the
primary, L6 the secondary, and
L7 the mutual coupling inductor.
Sound i-f traps are located be-
tween first and second i-f stages
and second and third i-f stages.
These traps are series-tuned to the
undesired sound i-f and contain
a parallel resonant circuit to pre-
vent loss of video i-f components.

The contrast control varies
grid bias of the first and second i-f

Fi6. 72a Single-Winding I-F Transformer stages and is supplied from a

separate 20-vclt bias source.

In the alignment of the television i-f system, it is absolutely essential that
the technician understand the i-f system and the function of the various com-
ponents and various controls in this system. Do not attempt the alignment of
any i-f system unless you thoroughly understand the system you are working
with or unless you have precise alignment instructions necessary for the
receiver. The i-f systems of most television receivers require no alignment at
all or very infrequent alignment. It is the best policy not to change any control
unless you know that changing that control is absolutely necessary and unless
you know absolutely what can be expected after it is changed.

56a. Intercarrier I-F System

A special i-f and video system called “intercarrier” was developed by Gen-
eral Electric. In this system, Fig. 73a, the picture and the sound are carried
through the picture i-f and video amplifier up to the grid of the picture tube.
Only one i-f system is necessary. The sound is generally removed by a tune
circuit located between the video output and the grid of the picture tube,
although in some intercarrier designs the sound is separated as early as or
before the video detector. The sound is removed at a frequency of 412 mega-
cycles and passed to a conventional limiter-discriminator and audio system,
after amplification by its own 4Y2-megacycle sound i-f amplifier.

Actually, the 4%2-megacycle frequency to which the sound i-f tunes is the
megacycle separation between the picture and the sound carriers. In other
words, in transmitting the picture and sound signals from the station a con-
tinuous 4Vz-megacycle separation is maintained between their carriers. How-
ever, the sound signal from the station is frequency-modulated, and thus its
frequency relation shifts in frequency with relation to the picture carrier as a
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function of the audio variations to be transmitted. Consequently, the 412 -mega-
cycle separation between the two carriers also deviates in accordance with
the 25-kilocycle deviation of the sound carrier. If the picture carrier is made
to dominate the sound carrier as the former’s wide band of frequencies is
passed through the i-f system, the frequency-modulated sound carrier looks
just like another sideband component of modulation to the picture carrier and
the video detector—a component that frequency-modutates with the original
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audio information. To make certain that the picture carrier always dominates
at the video detector, the i-f system is detuned greatly at the sound carrier;
consequently the sound carrier appearing on a shelf on the response curve,
Fig. 73a, is at a level less than 5 per cent of the amplitude of the picture
carrier. Inasmuch as the sound carrier is frequency-modulated, the megacycle
separation between it and the picture carrier is not always 42 megacycles
but deviates 4¥2 megacycles plus or minus 25 kilocycles. Consequently, there
is a frequency-modulated 4'2-megacycle center frequency in the parallel
resonant circuit that is removed and later detected as the sound signal. The
parallel resonant circuit in series with the picture signal-path also prevents the
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sound from appearing on the grid of the picture tube. The presence of the
4Y5-megacycle sideband component in the picture signal would cause a serics
of very fine vertical lines to appear in the picture from left to right across the
entire screen. With the intercarrier system oscillator tuning is not critical,
becanse the sound i-f frequency is dependent upon the megacycle separation
between picture and sound carrier, and this is independent of the setting of
the local oscillator. Inasmuch as the picture i-f system is so very broad, the
setting of the local oscillator is not so critical as in the dual channel type of
i-f system where it must set the sound component within narrow limits on its
i-f bandpass.

Thus the sound presentation need not depend on any precise setting of the
local-oscillator frequency, and as a result there is less adjustment of the fine-
tuning control necessary with an intercarrier receiver. Likewise the customer
can always tune for the best picture and need not worry about peak sound-
setting as much as he would with a dual channel i-f system. Microphonics,
oscillator-drift, and power hum are not as injurious to the intercarrier sound.

There are, however, a number of defects that can cause a particularly dis-
turbing hum, referred to as “intercarrier buzz” in the intercarrier receiver. A
number of basic intercarrier defects can cause this disturbance:

1. If the sound carrier becomes too strong in relation to the picture carrier
and is modulated by picture components, these components will reproduce in
the sound channel as an audio-frequency buzz.

2. Generally, any amplitude-modulation of the sound carrier (4Y%-mega-
cycle carrier) by the picture carrier or sidebands can be removed by the action
of a well-designed limiter in the 4.5-megacycle channel. However, under certain
conditions variations in the picture carrier of a frequency or phase nature can
produce frequency- or phase-modulation of the 4Y4-megacycle carrier, and
this will eventually reproduce as noise in the sound channel. Consequently,
greater care must be taken to prevent frequency- or phase-modulation of the
picture carrier at the source of signal.

3. Any interruption of the picture carrier at the source also causes a loss
of the 4¥2-megacycle component and a disturbance in the sound channel. For
example, if the picture carrier is interrupted at a specific low-frequency rate,
this same rate will cause the interruption of the sound carrier at the receiver
and a resultant detected noise at the sound output. For example, if the video
signal is allowed to swing into the white far enough to produce less than 5-per
cent modulation of the picture carrier, it is possible that the picture carrier
will be interrupted at this rate and cause a similar interruption in the sound
signal. This defect often becomes apparent to the viewer as a change in the
intercarrier buzz level when there is a change-over made between television
cameras of a particular program. Minimum modulation of the picture carrier
should be limited to no less than 10 per cent.

4. These defects can be accented by improper design of the intercarrier i-f
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system, improper alignment of the i-f system, and improper adjustment or
drift of resonant traps and sound take-off circuits.

5. A 4.5-megacycle sound channel must be aligned carefully, particularly
the limiter and discriminator.

6. When the sound is taken off at the output of the video amplifier, the
video amplifier must have a linear amplitude-response from sync tip to white
level in order to prevent picture components from modulating the 4.5-mega-
cycle sound-signal component. Thus video amplifier design is more critical Llf
buzz level is to be held at a minimum. The intercarrier system in its basic form
requires fewer stages and fewer component parts and apparently has a definite
economic advantage. However, if full-picture bandwidth is to be obtained and
buzz level held at a minimum, the added design criticalness of the i-f system,
video amplifier, and sound channel causes such economic advantage to be
very questionable. |

In an intercarrier i-f system, the picture i-f carrier can be considered to act
as a local-oscillator injection voltage and the sound i-f carrier as the very weak
signal voltage. When these two signals of considerable difference in amplitude
are mixed at the video detector, the resultant signal will possess the amplitude
and modulation of the weaker component. In this case, the second detector
produces a 4.5-megacycle-beat signal free essentially of the AM modulatiof
contained on the picture carrier but still carrying its frcquency—modulateéi
audio component. Thus the video i-f system must handle the two relative
signal levels with care to prevent noise and high hum level.

56b. Commercial Intercarrier I-F Systems

A double-tuned link-coupled transformer conveys the signal between the
mixer of the RCA VHF tuner and the grid of the first i-f amplifier, Fig. 73b.
Associated with this transformer is a single trap circuit located in the grid-
transformer can that is tuned to 3934 megacycles, the adjacent channcl’ls
picture-carrier frequency. The 45-megacycle i-f system is free of many of the
interference-producing combinations prevalent in the 25-megacycle range. In
addition, local-oscillator radiation is eliminated in the television band. How-
ever, it is possible to have the fundamental i-f frequencies and their harmonics,
as generated in non-linear circuits of the i-f system, find their way back to the
input system of the VHF tuner and cause interference with incoming signals.

A bandpass-filter combination transfers the signal between the first and
second i-f amplifier stages, whose resonant circuits are housed in separate
shields; over-coupling is obtained with mutual inductor and capacitors—two
series resonant traps and capacitor C225. One of these traps is the associated
channel sound frequency of 414 megacycles, and it is always set critically to
obtain the proper amplitude relationship between the picture and sound car-
riers passing through the intercarrier i-f amplifier. The second series resonant

c . : |
trap, located in the second can, is tuned to 47% megacycles, the adjacent
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channel sound frequency. Thus the various trap-circuits permit proper adjust-
ment of carrier levels and minimize the possibility of adjacent channel
spill-over. Notice in particular that the earlier i-f amplifier stages employ
unbypassed cathode circuits to minimize the possibility of oscillation and to
permit more stable operation. At the same time the unbypassed arrangement
reduces “Miller Effect” and, consequently, prevents a change in the resonant
frequency of the tuned circuits with a-g-c bias. All supply lines are thoroughly
filtered to prevent degeneration and possible oscillation in the i-f system.

The third, fourth, and fifth i-f stages are stagger-tuned and employ bi-filar
coils as portions of the resonant circuits. The third i-f stage tunes to the low-
frequency side of the i-f bandpass and, therefore, is important in establishing
fine picture detail. The fourth i-f stage tunes near the picture i-f carrier, while
the fifth tunes near the center of the bandpass. Over-all bandwidth of the i-f
amplifier is approximately 3.8 megacycles, with the various resonant circuits
properly loaded with resistors in order to establish correct bandwidth.

In the bi-filar winding the two wires are simultaneously wound parallel and
beside each other from the start of the winding to the finish. Primary and
secondary windings are therefore interlaced with respect to each other. This
method of winding, as compared with the use of two separate windings spaced
on a coil form, provides a coefficient of coupling that approaches unity-
coupling with a broadband characteristic. The bi-filar transformer is tuned by
a threaded powered iron core adjustable from top or bottom of the i-f can.
The bi-filar winding eliminates the need for a blocking capacitor and reduces|
the influence of impulse noises on bias and on operating conditions in the i-f|
stages. The secondary winding provides a low-resistance grid circuit and pre-
vents interference and noise impulses from charging up any long time-constant
grid circuits, which would adversely affect bias or create noise-modulation of
the video i-f signal.

A germanium crystal diode is used as a video detector and is mounted on
the top terminals of the fifth i-f transformer (the shield of the transformer
preventing harmonic radiation from the non-linear detector circuits). The out-
put of the vidco detector is coupled through a low-pass video filter to the grxdI
of the video amplifier stage. The sound is removed from a special series reso-
nant circuit housed in its own shield. This series resonant circuit, consisting
of capacitor C/48 and tunable inductor, acts as a sound take-off and, at the
same time, has a shunting effect on the 4.5-megacycle component, preventing
it from appearing at the grid of the video amplifier stage. The series resonant
circuit which can be sharply tuned also minimizes the possibility of inter-
carrier buzz, in which the low frequency sync components of the video signal
reach the sound i-f system. Sound 1s removed from a single element of a series
combination, and consequently, a reasonably strong sound level is delivered
into the 4.5-megacycle sound i-f system.

In the Philco i-f system, Fig. 73c, a low-impedance length of cable con-
nects the output of the tuner with the input of the i-f system. A simplified
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schematic of the coupling system, as shown in Fig. 73d, indicates that the cir-
cuit is basically a low-pass filter arrangement. Thus higher-frequency sources
of interference are rejected from the i-f system. In addition, the location of
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the cable at a low-impedance point of the coupling system prevents the cable
capacity from shunting the i-f component to ground and permits a reasonable
length of coaxial cable, not subject to interference pick-up. The cabie termi-
nates in a low-impedance cou-
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added insolation and selectivity. =
A series resonant trap, consisting %
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C201, tunes out the adjacent .,
channel sound-interference. Fi6. 73d Philco Tuner to I-F Coupling

A parallel absorption trap, Fig.
73¢, consisting of inductor 1.205 and capacitor €204, is tuned to the adjacent
channel picture carrier. Double-tuned and over-coupled transformers transfer
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the signals between succeeding stages, finally delivering the i-f signals to the
crystal video detector. The output of the video detector, through a suitable
peaking- and lowpass-filter, applies the signal to the grid of the first stage of
the video amplifier of the receiver. From the plate of this video amplifier
stage a parallel resonant circuit removes the 4.5-megacycle sound component
and applies it to the sound i-f amplifier. The claborate filter network at the
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output of video detector prevents the i-f frequency range signals from entering
the video amplifier system, minimizes the harmonic radiation at the video
detector circuit, and properly peaks the video bandpass. An adjustable peak-
ing coil L214 is available for properly setting the high-end response of the
video system.

A special socket and fringe-local switch are included to permit more favor-
able operation of the a-g-c system and sync separator in the fringe arcas. This
system will be discussed in detail in conjunction with the paragraph on a-g-¢
operation, paragraph 70.

To minimize intercarrier buzz and to prevent the appearance of sound on
the picture, General Electric, Fig. 73e, uses what is practically a dual channel
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i-f system in its intercarrier receiver. Sound and picture i-f components are
amplified at wide-band level through the initial two stages of the video i-f
system. However, signal paths divide at the plate circuit of V105, sound going
tc a special sound take-off amplifier that is resonated particularly and sharply
to the sound i-f carrier frequency while picturc through capacitor €210 is
applied to the grid of the third video i-f stage. A special crystal detector at the
output of the sound take-off stage demodulates the 453 -megacycle sound com-
ponent in order to obtain an output frequency of 4.5 megacycles which is
applied to the grid of the first audio i-f amplifier. The output of this amplifier
is sharply resonant to 4.5 megacycles, and the signal passes in a conventional
manner to a limiter and a ratio detector.

A special resonant circuit rejects the adjacent channel audio component
by absorption in the plate circuit of the sound take-off amplifier. The video-
carrier component passes through two more video stages in order to build up
the video i-f level to proper amplitude for application to the video crystal
detector Y200. In the latter two stages, special 41V -megacycle associated-
channel audio-traps are employed to prevent the appearance of audio bars in
the picture. A series adjacent-channel video-trap is connected to the plate out-
put circuit of the fourth video i-f stage.

This stage is also link-coupled to the crystal detector circuit which is com-
pletely shiclded to minimize harmonic radiation. In fact, both crystal detector
circuits are carefully shielded in the higher-frecuency i-f svstems to prevent
harmonics generated in the non-linear circuits from reaching the input system
of the VHF tuner and causing beat interference. Two adjacent-channel audio-
traps are located in the input and
output circuits of the first video i-f SOUND CARRIER

stage which receives its signal via . O /4'\\
link-coupling from the mixer output.
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QUESTIONS

What factors determine the value of resistor shunted across a tuned circuit in
a wide-band amplifier?

What is relation between bandwidth, stage gain, and size of loading resistor?
Differentiate between single-tuned and double-tuned i-f transformer.
Differentiate between cvercoupled and stagger-tuned i-f system.

State the gencral characteristics of an efficient wide-band amplificr.

What means are used to obtain overcoupling?

Why are wavetraps necessary in the picture i-f system?

Show location of wavetraps in the picture i-f system.

What are the particular advantages of miniature tubes in television circuits?
Draw the schematic and explain the characteristics of a grounded-grid
amplifier.

Draw the schematic and explain the characteristics of a cathode-coupled stage.
Draw the schematic and explain the characteristics of the r-f amplifier which
uses a section of transmission line as a parallel resonant circuit.

What is the importance of g,, and tube capacities in wide-band service?
Describe a typical television receiver r-f section.

What are the advantages of the inductuner?

What are the characteristics of an efficient r-f amplifier?

What methods are used to terminate the antenna system properly?

What are the general characteristics of an efficient mixer-oscillator com-
bination?

Describe a typical commercial mixer-oscillator combination.

Describe briefly the operation of an a-f-c system for television.

If sound i-f frequency is 21.75 megacycles, what are the following frequencies:
local oscillator on channel 5; picture i-f carrier; associated channel sound
trap; adjacent channel sound and picture traps?

Why is the picture i-f carrier detuned?

How are picture and sound i-f carriers separated?

Describe a typical commercial i-f system.

How is the peak amplitude of the detected signal varied?
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VIDEO AMPLIFIER
SYSTEMS

57. Video Amplification

The video ampilifier is a resistance-capacitor coupled amplifier with necessary
refinements to extend its high- and low-frequency responsc. It must amplify
linearly a band of frequencics exterding from 30 cycles to 3 or 4 megacycles.
To do this, a vidco amplifier has a number of features which distinguish it
from the conventional audio amplifier:

Low value of plate resistor

Tubes with high g,, and low capacitics

High-frequency compensating circuits

Careful positioning and choice of parts to prevent capacity loss

Large coupling capacitors and grid resistors

Large cathode capacitors

Properly decoupled plate and screen-supply voltage lines

External grid-bias source and

Low-frequency compensating circuits

The initial four of these features maintain good high-frequency response, the
remainder good low-frequency response.

PR ND A w0 —

58. Frequency and Phase Response
HIGH-FREQUENCY LOSS

The one factor which causes degencration of the high frequencies is the
distributed circuit capacity (Fig. 74), which is the sum of input and output
capacities of the tubes, wiring capacity, and parts capacity to ground. The
larger this capacity is, the more serious the high-frequency degeneration
becomes. To keep this distributed circuit capacity down, low-capacity tubes
are used and every precaution is taken to hold wiring and parts capacity at a
minimum.

It is a fact that the output voltage of a resistance-coupled amplifier is the
product of the current variation times the value of the output resistor. If we
were to shunt this output resistor with another resistor of approximately the
same value, the output voltage would decrease accordingly (same or some-

123
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what higher plate current times a smaller value resistor). Likewise, a reactance
shunted across the output resistor, if it is approximately the same or smaller in
value than the resistor, will cause a decrease in output. The only difference
is that capacitive reactance varics with frequency—in fact, decreases as
frequency increases. Therefore, the
reactance of the distributed circuit
capacity may be very high over the
low and middle range of frequencies
and have little or no effect on the
value of the plate resistance. As fre-
quency increases, however, this re-
actance progressively decreases until

SHUNTS Ry AT X
HIGH FREQUENCIES it falls to a value equzl to the value of

the resistor; as frequency increases
- still higher, the reactance becomcs

F16. 74 1.oss of Highs through Shunt

Capacity smaller than the value of the resistor,

This means that the value of the plate
impedance is no longer equal to the value of the resistor but has become pro-
gressively lower and lower and the output less and less for a given change i
plate current. In summation, it is the decreasing reactance of this distributed
shunt capacity with higher frequencies which lowers the effective plate resist-
ance and, therefore, the stage gain at high frequencics.

There are two ways to combat this degencration. One method, of course,
is to keep the value of the capacity low and, therefore, the reactance relatively
higher at all frequencies. A second method is to lower the value of the plate
resistor. This means that the reactance will have to drop to a much lower
value before it begins to shunt the resistor seriously. However, the lower value
resistor means less gain at even the middle- and low-frequency ranges. Truth-!
fully, we have equalized the frequency response not by increasing the high-
frequency gain but by lowering the gain at the middle- and low-frequency
ranges.

Consequently, in video amplifiers, Jow-value plate resistors are used tq
broaden response at a sacrifice in gain. The gain of a video amplifier is many
times less than that of an audio amplifier for this reason. To obtain the most
gain possible under these circumstances it is important to use a high-g, tube.
In other words, to obtain a substantial output across a small-value plate
resistor, the current variations should be great. A high-g, tube produces
large plate-current variations per given change in grid-signal voltage.

LOW-FREQUENCY LOSS

Low-frequency response is limited by the interstage-coupling combination
and cathode-bias combinations. Here, it is the rising reactance of the capaci-
tors which causes the loss of lows. In the case of the interstage-coupling capac-
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itor, its reactance does not shunt the grid resistor of the next stage but is in
series with it. Its reactance is large at low frequency (Fig. 75) in comparison
to the grid resistance, and a greater portion of the low-frequency signal appears
across the capacitor instead of on the grid of the next tube. Thus, it is apparent
that the capacitor and resistor act as a voltage divider and, to obtain sufficient
voltage on the grid of the tube, it is necessary that the capacitive reactance be
small in comparison to the grid resistance.

PART OF e, LOST DOES NOT FILTER

ACROSS ¢, = LOW FREQUENCIES
F1G6. 75 Loss of Lows across Coupling Fi16. 76 Loss of Low Frequencies by
Capacitor Cathode Degeneration

To prevent low-frequency degeneration, therefore, the video stage uses
large-value coupling capacitors (low reactance) and large grid resistors so
that the low frequency signal appears across the grid resistor in almost its
entirety. However, there are limitations to the value to which these parts can
be raised. For example, the size of the grid resistor cannot be higher than the
maximum set by the tube manufacturer to prevent excess gas current. The
capacitor cannot be too large because of low-frequency disturbances, its
greater d-c leakage and its large physical size and added capacity to ground,
which affects the high-frequency response.

Another factor which causes low-frequency degeneration is insufficient
cathode by-pass capacity (Fig. 76). The cathode capacitor normally acts as
a filter and prevents any a-c variation from appearing between cathode and
ground. However, to be an effective filter, its reactance at signal frequency
should be less than 1/5 to 1/10 the value of the cathode resistor. At low fre-
quencies the reactance of this capacitor begins to climb until it reaches a value
equal to, or greater than, the value of the cathode resistor, permitting an a-c
signal variation to appear across the cathode circuit. This variation is in such
phase that it opposes the grid signal, thereby reducing the effectiveness of the
grid signal and, in turn, the amplitude of the plate output. Therefore, it is nec-
essary to use large cathode capacitors if we are to prevent excessive low-
frequency degeneration. However, we are again hampered by physical size
and construction of large capacitors. Many video amplifiers employ an exter-
nal grid-bias source with grounded cathodes, thus eliminating one source of
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low-frequency degeneration completely. All plate and screen circuits are
decoupled effectively (large by-pass capacitors) to prevent feedback and low-
frequency oscillations through common power-supply impedance.

PHASE RESPONSE

Phase distortion is still another consideration in the design of a video ampli-
fier. Fortunately, in a video amplifier with just a few stages, such as the video
amplifier of a home television receiver, the maintenance of a linear frequency
response also keeps the phase response in order. Phase distortion associated
with poor frequency response seriously impairs picture sharpness. The reasor
it is noticeable is because the scanning beam moves at such high velocity across
the screen that if one frequency component of a television signal is delayed
with respect to a different frequency component, as it is with phase distortion
present, the presentation begins to blur. This we can understand when we
consider that signal components are not arriving on the control grid of the
picture tube in the same precise order they were picked up at the pickup tube,
Instead, some are delayed with respect to others because of their frequency.
Thus, if two different frequency components of a signal were originally trans-
mitted with their peak amplitudes occurring at the same instant, phase distor-
tion (actually a nonlinear time delay—that is, one frequency is delayed with
respect to another) would cause one to reach peak amplitude before the
other at the picture-tube control grid. Therefore, the two components
would be slightly displaced on the fluorescent screen, causing the picture to
blur.

Phase distortion can also alter the waveform of a rectangular pulse, for the
pulse is composed of a fundamental and a series of harmonic frequencies. If
the high-frequency components of the pulse are delayed, the pulse will round
off and lose its sharp characteristic. Actually, a very fast change or sharp ver-
tical line in a picture is represented by a signal which has the appearance of a
pulse, and if this pulse is distorted, the reproduced image at the receiver will
not appear exactly as the camera-tube image. Occasionally, a video amphﬁer
is found that has a peaked high-frequency response. The phase dlstortlon
present with this improper frequency response develops a sharp hlgh-frequency
voltage or transient which causes a thin white line to follow directly behind
a thin black line of picture, or a thin black line to follow every sharp white
line of picture.

Phase distortion at low frequencies can also impair picture quality. At low
frequencies, phase distortion causes the low-frequency components to lead
while at high frequencies the phase distortion causes a lag of the high-frequency
components. The low-frequency components of the picture signal set the back-
ground brightness, and if they are distorted, there will be a change in back-
ground brightness from top to bottom of the screen. If the low-frequency phase
shift is severe, white tails will appear to the right of black characters, some-
times extending all the way across the image.
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59. High-Frequency Compensation

To permit use of a larger value plate resistor and, therefore, a greater gain
per stage, small inductors are inserted at various points in the plate circuit of
video amplifiers to hold up the plate-load impedance at the high frequencies.
These inductors have an increasing reactance with frequency to balance the
decreasing reactance of the distributed shunt capacity. Thus, the combination
of the inductor, called a peaking coil,
and the distributed capacity acts as a
broad, partially resonant circuit at
the high-frequency end of the fre-
quency band to be passed. There are

three common types of high-fre- Re
quency compensationi: shunt peak-

ing, series peaking, and combination =
series-shunt peaking. In the shunt-

Peaking 'circuit_, the' peaking coil is +B 1 INCREASES AS X
inserted in series with the plate re- FREQUENCIES, OUTPUT

IMPEDANCE HELD CONSTANT

sistor (Fig. 77). The series imped- Fic. 77 Shunt Peaking

ance of the plate resistor and peaking
coil rises with frequency while the reactance of the distributed capacity C
declines with frequency. A second type of peaking, series peaking (Fig. 78),
has the inductor inserted in the coupling path between plate and the grid of
the next tube. This method permits a still larger plate resistor because it effec-
tively isolates the distributed capacities of the succeeding stage-grid circuit

ISOLATES
- COUT & CIN

< = i

+B R, VALUE ‘ \ -
SET BY Coyr +B R, AND GAIN STILL
= HIGHER PER GIVEN RESPONSE
FiG. 78 Series Peaking F1G. 79 Series-Shunt Peaking

from the plate circuit of the compensated stage. Thus, the distributed capacity
shunting the plate-load resistor is less, and the value of the plate resistor can
safely be increased. It is important to note that the increase in gain is not
directly the result of the series-peaking coil but rather the effective isolation
of the input capacity of the next stage from the compensated stage. This means
that a larger value plate resistor can be used with consequent increase in gain.
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Serics pcaking along with input and output capacitics form a low-pass filter
which passes all frequencies lincarly up to high-frequency limit. A still further
improvement in gain is attained by using a combination of scrics and shunt, as
shown in Fig. 79.

60. Low-Frequency Compensation

Special circuits are also necessary to support the low-frequency response.
The low-frequency amplitude lost across the coupling capacitors and cathode
capacitors is re-established by increasing the plate impedance to the low fre-
quencies. Thus, a relatively small capacitor, such as Cp in Fig. 80, which, of
course, has an increasing reactance as the frequency falls, adds to the plate

\ EXTERNAL

Re
T BIAS-CATHODE

+B

GROUNDED

X RISES AT LOW
FREQUENCIES

Fic. 80 Low-Frequency Compensation

resistance at low frequencics. Thus, so far as low frequencics are concerned,
the stage has an increasing gain to compensate for low-frequency degeneration
in other parts of the stage. External bias is used on the stage of drawing A,
Fig. 80. When cathode bias is used (drawing B), a similar compensating
system can be used to compensate for cathode degencrative losses. For a
mathematical presentation of video amplification, refer to Chap. 14. ‘

The video detector removes the picture modulation from the picture i-f
carricr. This modulation consists of picture, sync, and blanking and is in the
form of the composite television signal formed at the transmitter. The com-
posite signal, of course, is a single-polarity signal, and the diode detector must
be connected to develop a signal of the proper polarity for utilization at the
picture tube. The video detector must be designed to detect the highest fre-
quency component of modulation and at the same time reject the lowest
frequency component of the i-f spectrum.

It is nccessary that we have a negative-going composite signal applied to the
grid of the picture tube. Thus, the darkest portion of the televised scene and

61. Video Detection
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the blanking level of this signal occur at a point where the instantaneous grid
voltage is far enough negative to cause the picture to be dark, or to be cut off.
During the brighter portion of the scene there is less negative voltage applied
to the grid of the picture tube, and the screen is illuminated. Since the detected
output of the video detector is the compositc television signal, the polarity of
the diode detector output must be such that the polarity of the composite
signal, when it reaches the control grid of the picture tube, is negative. If there

SYNC.POSITEVE POLARITY

=, WU

i 1

lr' -

—

—  Fic. 81 Video Detector and Signal Polarities

is an even number of video stages between the detector and grid of the picture
tube, the detector output must be negative; for an odd number of stages, posi-
tive. If the signal is applied to the cathode of the picture tube a positive signal
must be applied to the cathode of the picture tube. This necessitates a positive
detected signal when an even number of stages are used, and a negative signal
when an odd number of stages are used. Two typical detectors, one of each
polarity, are shown in Fig. 81. When the plate of the diode is connected above
i-f signal ground, a positive polarity signal develops across the diode toad
resistor. When the cathode is above i-f signal ground, a negative signal appears
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across the diode load resistor. The latter is the preferred connection because
the tube capacity shunted across the output diode load resistor (plate-to-
ground capacity) is less.

DETECTOR CHARACTERISTICS

It is an inherent characteristic of the diode detector to develop a stronger
signal at the middle range of frequency than at the higher frequency ranges
because of the degenerative cffects of shunt capacity across the diode load
resistor. For detection of audio frequencies alone, this defect is not serious,
and the size of a typical diode load resistor varies from 4 megohm to 5 meg-
ohms. However, in television, where we detect video frequencies as high as
4 megacycles, it is necessary to drastically lower the size of the diode load
resistor to prevent degencration at these frequencies in comparison to the
middle range of frequencies. Thus, the decreasing reactance of the distributed

capacity at high frequencies can not scriously reduce the value of the output
load resistance.

LOW PASS
FILTER

c c:

OUTPUT

1
=

Fic. 82 Bandpass Filter in Output of Video FiG. 83 Direci-Coupling from Video
Detector Detector

Typical videco diode load resistors vary from 2,000 to 5,000 ohms. The
efficiency of the diode detector is seriously reduced when the value of the
diode load resistor is decrcased to such a low value. Consequently, the ampli-
tude of the developed signal is much lower, and it is nccessary that the i-f
amplifier have a much higher gain than the i-f system used in broadcast 