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PREFACE TO THE 5TH EDITION

Changes are occurring so rapidly in color television that the maferial in
Chapter 18 which was up-to-date at the end of 1953 is now sufficiently far
behind current practice to warrant a complete rewriting. This portion of
the 4th edition has been thoroughly revised and it now covers in detail the
operation of the various circuits of a large screen color television receiver.
With the information given, the reader will be in a position to service color
receivers as effectively as black-and-white sets.

In the short space of eight years, the original volume of Television
Simplified has undergone three complete revisions. Furthermore, each new
edition contained at least 30 per cent more material than its predecessor.
These simple figures reveal as well as any set of formal statistics the phe-
nomenal growth of the television industry. This book has been geared to
keep pace with that growth.

The presentation in this fourth edition follows the pattern established in
previous editions. Little is assumed beyond an elementary knowledge of
the operation of home sound receivers and upon this is built an understand-
ing of the modern television receiver with its highly integrated synchroniz-
ing circuits. Chapter 1 presents an outline of the various units that com-
bine to form a television system. It attempts to answer those pertinent

v
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questions which always arise when any subject i§ first investigated and
which, if left unanswered, soon begin to interfere with the smooth accumu-
lation of subsequent information. With each succeeding chapter, a differ-
ent section of the television receiver is discussed, starting at the input end
of the set and traveling along the same path as the incoming signal. The
function of every part, both within its stage and within the receiver as a
whole, is carefully noted. ‘

Because of the wealth of new material.in this edition, several of the chap-
ters in the previous (i.e., third) edition have been divided into two chapters.
Thus, we have now separate chapters for video I.F. amplifiers and for power
supplies, where formerly these were combined with other material. A new
chapter (Chap. 17) is devoted to UHF television and the methods which are
currently being employed to receive signals in this section of the frequency
spectrum. .

The genuine test of how well knowledge has been acquired is its applica-
tion to everyday problems. Chapter 16 on servicing has, as one of its aims,
the co-ordination and application of all the facts contained in the preceding
chapters. The television receiver is divided into several major sections and,
from the facts previously presented, the majority of troubles is systemati-
cally analyzed.

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

No book represents the sole efforts of one person and this volume is no
exception. Grateful acknowledgment is due to the Radio Corporation of
America, the Allen B. DuMont Laboratories, Ine., the General Electric Com-
pany, Sylvania Electric Products, the Walter L. Schott Co., and Howard .
Sams & Co., Inc., for their generous aid in furnishing illustrations and data
that were essential in the preparation of the book. The author also wishes
to thank George Kearse for his permission to use the antenna chart appear-
ing in Chapter 2.

MiLtoN S. Kiver
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Chapter 1

THE TELEVISION FIELD

Introduction. Television, the science of transmitting rapidly changing
images from one place to another by means of electromagnetic waves, is
today as vital a factor in the home as the amplitude-modulated (A-M)
sound receiver.

Accompanying this change in media has come a corresponding change
in the operating technique of the radio serviceman. Not only was he
impelled to extend his knowledge to include television circuits, but, just as
important, he was brought face to face with an array of new test instru-
ments and new servicing methods. Television has also forced other tech-
nicians, men and women, to become familiar with their basic operation.
The change has not been a simple one, for present-day television receivers
are intricate, critical mechanisms, and the person with an insufficient tech-
nical background will rapidly find the situation hopeless. The rise of
television is indeed the final nail in the coffin of the semi-skilled serew-
driver mechanie.

Television receivers are housed in either large console cabinets or in the
smaller table enclosures. A television receiver is shown in Fig. 1-1 which
is representative of the outward appearance of commercially manufactured
sets. The number of tubes vary with the elaborateness of the layout, with
as few as 15 tubes or as many as 30 or more. However, although this
increase in tubes may be appreciable compared to A-M sets, the number
of additional tuning controls at the front of the receiver is kept as low as
possible. One control regulates the background brightness, another permits
the proper station to be obtained, while the third control adjusts the in-
tensity of the various objects in the image itself. The latter is known as
the contrast control.

In addition to the three television controls just mentioned, others will
be found. One is labeled “Fine Tuning.”” This is actually a correction
control. The main tuning circuits used in television receivers are relatively

1




2 TELEVISION SIMPLIFIED

Fic. 1.1. A combination A-M, F-M, and television table model receiver.

’

fixed and the desired station is obtained either by push buttons or a selector
switch. [In addition to these main resonant circuits, the proper oscillator
coil and condenser are likewise selected at the same time. If any change
should occur in the resonant properties of these circuits and no adjustment
were provided, it may readily be seen that distorted sound and optical
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images would be obtained at the output of the receiver. To prevent such
a situation, a fine tuning control is placed on the front panel. Within
limits, this permits the observer to center the entering signal so that the
proper frequencies are obtained at the video and audio LF. amplifiers.
Thus, we may consider this knob as a vernier adjustment.

Among the other controls on the front panel, we find volume and some-
tighes tone controls. These are associated with the sound portion of the
telpvision receiver and their function is the same as in the more common
Ai\’l receiver. Thus, while the mechanism of the television radio set may
be quite complex, the necessary controls are few and readily learned, even
by those entirely unfamiliar with the technical aspects of radio. It will
bg readily appreciated that this must be so, if television is to become
popular.

. In the following paragraphs of this chapter, the overall operation of the
priescnt-day television system is explained, with particular emphasis on the
methods used to transform light rays into equivalent eleetrical impulses.
After that, chapter by chapter, and seetion by section, the receiver operating
principles are presented, assuming only a rudimentary knowledge of the
oferation of present superheterodyne A-M receivers.

Desirable Image Characteristics. Since the image is the final product
of the television system, and because everything centers about the produc-
tion of this image, here is the most logical place to begin. In order for the
picture to be satisfactory from the observer’s point of view, the following
minimum requirements should be obtainable.

1. The composition of the image should be such that none of the ele-
ments that go into its make-up is visible from ordinary viewing distances.
This requires that the image have the same fine, smooth appearance that we
obtain with good photographs.

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

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

4. To meet the changing requirements for viewing the screen either by
day or by night, an adequate amount of light must be available from the
cathode-ray screen. Naturally, less would be necessary when the room
illumination is low than when it is high.

5. The final consideration, contrast, is less important than any of the
previous conditions, but effective range is still desirable. Contrast refers
to the ratio between points of maximum to minimum brightness on the same
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screen. In broad daylight, for example, the contrast ratio between places
in bright sunlight to shaded arcas may run as high as 10,000 to 1. On
fluoreseent screens, however, the amount of light that can be emitted is
definitely limited, and only contrast ratios of from 50 to 100 to 1 are ob-
tainable ordinarily. These, however, prove quite satisfactory.

The foregoing requirements have been listed with only a slight explana-
tion advanced for cach. There are limitations which affect these conditions,
but before any extensive discussion is undertaken, it is necessary to gain a
more detailed knowledge of the overall operation of present-day television
systems.
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Fic. 1.2, An outline of a modern television transmitter.

Outline of Stages of Television Transmitters and Receivers. An
outline of the various stages of a television transmitter is shown in Fig. 1-2.
The scene to be televised is focused onto the photosensitive plate of the
camera tube by means of a lens. At the tube, the light rays are transformed
into equivalent electrical impulses. Thereafter, amplifiers and the regular
amplitude-modulating sequences take place, the final television signal is
formed and transmitted into space. To synchronize the position of the clec-
tron beam at the receiver-viewing tube with the beam in the camera tube
synchronizing pulses are inserted into the television signal as well.

We may pause for a moment and observe that, aside from the synchroniz-
ing pulses, the action in a television transmitter is entirely analogous to the
corresponding action in a sound transmitter. In one, the object is to trans-
form audio vibrations in the surrounding air to equivalent electrical varia-

’



THE TELEVISION FIELD 5

tions. A microphone accomplishes this simply. In the other, light rays are
changed into equivalent electrical variations and a camera tube is employed.
In either case, once the currents have been formed, essentially the same pro-
cedure is followed to form the final amplitude-modulated R.F. signal. Tt is
well to keep the correspondence between the purpose of the microphone and
the camera tube in mind, for this will aid in visualizing the overall opcration
of television transmitters.

Speaker
N
8Sound I.F. Discrim- Audlo
amplifiers Limitey inator amplifiers
Image tube
]at Video
R.F. 1 ) getector |y Yideo l.F. | | Video | .| amplifiers. v
amplifier mixer amplifiers deteetor D.C. restorer
3 N
i
Automatic
Oscillator gain
control
h
Pulse Saw-tooth Saw-tooth
climper generator generator
(horiz.) (vertical)
3 L
Pulse
aseparator

Fic. 1.3A. A block diagram of a television receiver operating under the conventional

system. (The word “conventional” is used purposely because there are many re-

ceivers which operate slightly differently. These are known as Intercarrier sets and
are discussed in conjunction with Fig. 1.3B.)

The sound that is spoken by the actors in the scene being televised is kept
separate from the video clectrical currents. The sound is frequency modu-
lated and sent out by another transmitter at a frequency that lies close to
the edge of the band of frequencies utilized by the image signals. So far as
the transmitters are concerned, two separate units are necessary: one for the
sound, the other for the image signals.

At the receiver, shown in block form in Fig. 1-3A, the video and audio
carriers are received simultancously by wide-band amplifiers. After am-
plification by an R.F. stage (if used), the composite signal is applied to the
mixer tube where it is acted on by the high-frequency oscillator voltage.
The desired LF. values are produced by this action and, at the output of the
mixer stage, the video and sound signals are separated and fed to their re-
spective 1.F. amplifiers.
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The audio signal is frequency modulated and, although the I.F. amplifier
stages found in F-M receivers do not differ radically in construction from
the corresponding amplifiers in A-M sound superheterodyne receivers (ex-
cept for frequency), the detector is entirely new. In the F-M set, a dis-
criminator is necessary in order to convert the F-M signal into the equiva-
lent audio variations. A brief description of the operation of F-M receivers
will be given in Chapter 14. Once past the discriminator, the ordinary audio
stages amplify the signal until it is suitable for application to a loud-
speaker.

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

The remainder of the video signal, where the detail information is con-
tained, is amplified by the video amplifiers and then applied to the control
grid of the viewing tube. The amplitude of the input voltage varies the
intensity of the electron beam while the deflecting plates (or coils) are swiftly
moving the beam from one side of the screen to the other. The result is an
image on the screen, produced by approximately 500 distinct lines. The
eye of the observer integrates these lines so that they blend into each other,
and the image assumes the appearance of a photographic picture.

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

Intercarrier TV Receivers. The foregoing discussion was centered
about the block diagram in Fig. 1-3A. This is a conventional-type of tele-
vision receiver and was the form employed by the first sets; it is still utilized
by a number of manufacturers. However, in 1948, a television circuit oper-
ating on a somewhat different principle was introduced and now is exten-
sively employed. The new system is known as the Intercarrier system. It is
illustrated, in block form, in Fig. 1-3B.

The R.F. stages of the receiver are identical with the R.F. section of the
conventional-type set. The incoming signal is received, amplified, and then
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converted to the lower intermediate frequencies. The entire signal, sound
and video, now enters the LF. system where both are amplified. However,
there is this important difference. The video signal receives its normal
amount of amplification, but the sound signal is permitted to receive only
5 per cent of the total available amplification. This relationship is purposely
maintained to prevent the sound signal from producing visible interference

on the picture screen.
4-5MC F~M AUDIO
anouN0e 11 oetecion [7] ampuiriens _'aqmw'spu“"
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Fic. 1.3B. A block diagram of an Intercarrier set.

In the Intercarrier system, there is no sound take-off point in the mixer
or the video LF. system. Hence, both signals remain together until the
video second detector. In this stage, a beating or mixing takes place be-
tween the video and sound LF. carriers with the result that a difference fre-
quency of 4.5 me is produced.® If we wish, we can consider the video car-
rier as being equivalent to the local oscillator and the audio carrier acting
as the incoming signal. The result of the mixing is a 4.5-mc beat note. In
addition, we also obtain all of the 04 mc video frequencies from the ampli-
tude-modulated video carrier.

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

*In every tclevision signal, the frequency difference between the sound and video
carriers is 4.5 me.
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The video signal, for its part, travels through the video amplifiers to the
picture tube. Here, its information is displayed visually.

The vertical and horizontal deflection systems are synchronized by a por-
tion of the signal obtained from some point in the video amplifiers. In this
respect, both conventional and Intercarrier receivers are alike; hence, what-

ever was stated previously concerning the operation of these systems ap-
plies here, too.

Fig. 14. A television studio scene developed from an ordinary negative. /

The principal difference, then, between conventional-type and Intercarf
rier receivers lies in the point where the video and sound signals separate.
In the conventional set, this must occur before the video detector; in the In-
tercarrier set, the separation takes place after the video detector.*

Television Camera Tubes. The preceding explanation is an outline of
present-day television systems. With this in mind, let us investigate the
important operation of the studio camera tube in greater detail, for it is what
this tube “sees” and converts into equivalent electrical impulses that will
determine the form of the final reproduced image at the receiver. Faithful

* A more detailed discussion of Intercarrier receivers is given in Chapter 11.
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reproduction of the scene being televised is essential for high quality images
at the receiver.

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

Courtesy Farnsworth

Fic. 1.5. An Teonoscope camera tube.

a point is soon reached where the granular structure of the picture does be-
come visible. These grains, then, are the elements that combine to form the
picture.

A fine grain photograph, in which there are many grains per unit area,
is capable of greater enlargemnent than a coarse grain picture, before these
clements become discernible.  With television images, much the same sort
of situation prevails. In the receiver, each picture element is just as large
as the arca of the circular beam impinging on the fluorescent screen of the
cathode-ray tube. The light that is seen when observing a cathode-ray
tube screen is derived from the energy given off by the impinging beam to
the particles of the fluorescent coating on the inner face of the tube. If the
points of light are closely spaced, the observer will integrate them and their
separate character will disappear. Hence, onc of the first considerations for
a television picture that is to reproduce any amount of fine detail is an elec-
tron beam of small diameter. This requirement is just as important at the
recciver screen as it is at the camera tube.
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Courtesy RCA
Fig. 16. An Image-Orthicon Camera tube.

At present there are three types of camera tubes that are widely used in
this country. They are known by the patented names of Iconoscope, Image
Orthicon and Image Dissector tubes. A photograph of each is given in
Figs. 1-5, 1-6, and 1-7. These tubes are commercially employed now; but,
like the microphone, they are continuously being modified and revised as

Fig. 1.7. Farnsworth Image Dissector tube.

better and more efficient methods are evolved that permit the same scenes
to be televised under poorer conditions with better results.

The Iconoscope has the internal construction shown in Fig. 1-8. Within
the tube is a relatively large rectangular plate upon which all the light from
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the scene is focused. The plate consists of a thin sheet of mica (an insula-
tor) upon the front of which has been deposited many microscopic globules
of a sensitized caesiumn-silver compound. Due to the manner in which the
globules have been placed on the mica plate, they do not come in actual con-
tact with each other, each tending to form its own little island. Between
these separate globules, of course, is the surface of the mica. On the reverse
side of the plate, a continuous layer of some conducting substance is de-
posited and an electrical connection is brought from lhere to the external
circuit.

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

The object is focused on the front face of the plate (commonly called the
mosaic). Due to their silver-caesium composition, the globules emit elec-
trons in proportion to the light intensity reaching that particular point.
Thus each globule assumes a different positive charge due to this loss of
negative electrons, with each element retaining this charge since it is insu-
lated fron all the other clements. The mica likewise prevents the charge
from leaking off to the conducting layer on its other side. Essentially, we
now have a charged condenser, but the charge varies from globule to globule
because of the difference in light intensity that fell on these various points.

By having the amount of charge on each globule vary in proportion to
the light at that globule, we have succeeded in accomplishing the first step
of our process, namely, conversion of light rays into equivalent electrical
charges. It remains for us to convert these charges into electrical currents.

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

Electron Beam Scanning. In order to transmit a picture, it is possible
to send all the elements that compose this picture at one time, or to send
each clement separately in some orderly scquence.  Due to the complexity of

Direction of beam
at the start of euch row

\—— «———0eneral Direction

Nl
et e LITIITILTITETLY

/

(C)
Fic. 19. Three possible methods of scanning an image: Horizontal scanning at
(A), vertical scanning at (B) and spiral scanning at (C).

the system that would be required if an attempt is made to transmit all the
elements simultancously, the sceond method (sending cach clement sepa-
rately) has been universally adopted.  Even with these alternatives, there is
still a choice of scanning sequence. For example, it is possible to divide the
image into a scries of narrow horizontal strips and transmit cach after the
other, starting at the left-hand side of the uppermost strip. Another method
might dissect the image into vertical strips and transmit these in order, while
a third means could employ spiral scanning. Each is illustrated in Fig. 1-9.
Of practical interest, however, is horizontal scanning, since this is closest to
the process currently employed in all American reccivers.

At the start of the horizontal scanning process in the Iconoscope, an
electron beam is formed, focused in the neck of the tube, and accclerated
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toward the upper left-hand corner of the mosaic plate, point 4 in Fig. 1-10.
There, under the influence of varying voltages applied to the Iconoscope’s
deflecting coils (contained on the neck of the tube), the electron beam moves
to the right, passing over the charged globules that are located across the
top of the image and which have been exposed to the focused rays of light
from the televised scene. As each globule, or group of globules, is reached,
enough electrons are supplied by the electron beam to restore the globule to
its previously necutral potential.

This action automatically releases any charge on the opposite conduct-
ing surface of the mosaic that was held there by the positive globules.
With the release of this charge, a small pulse
of current passes through resistor R of Fig.
1-8. The strength of this current is propor-
tional to the amount of positive globule
charge neutralized, which in turn was pro-
portional to the intensity of the light striking
this point of the mosaic plate. Thus the sce-
ond phase of our task has been accomplished
and we have transformed light rays into
equivalent electric currents. The voltage de-
D veloped across R will be proportional to the

varying pulses of current passing through it.
Fi. 1.10. The motion of the Tube T will then amplify the fluctuating
electron beam in one form of voltage and forward it to the stages that

horizontal scanning. Gl

Returning to the scanning process, the beam will continue along the first
line until the end, point B, is rcached. Here a generator connected to the
camera tube will cut off or blank out the beam while the deflecting coils
bring it rapidly back to point C at the left-hand side of the mosaic again.
This point is slightly below the first line. The blanking voltage is removed
now, and again the cathode-ray beam moves toward the right, neutralizing
the positively charged globules along this horizontal linc and causing elec-
trical impulses to pass through R.

The sequence recurs until the end of the lowermost line is reached, at
point D. The beam is blanked out and returned to the starting point A.
The entire process is now ready for repetition. It should be noticed that
each globule has been storing up a charge (or giving off electrons) during
the time the clectron beam is busy passing over other globules. Thus, if it
takes the beam one minute to scan the entire image, during all of this time
the globules are exposed to the focused light rays. The resultant emission
of electrons causes the positive charge to increase. With the arrival of the
beam, a neutralization takes place; but, at the next second, with the passage

Active lines Beam retrace

A A™ VA B
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of the beam, the storage process begins anew. While one minute is men-
tioned as an arbitrary period, in practice the beam passes over each globule
every %, of a second. Hence 30 complete pictures are sent every second.

In actual equipment, the motion of the seanning electron beam, as de-
scribed above, must be modified somewhat for two reasons. First, it is ex-
tremely difficult to generate a voltage that will cause the beam to drop sud-
denly from the end of one line to the level of the next one directly beneath it.
It is simpler to have the beam move down to the level of the second line
gradually, as illustrated in Fig. 1-11.

To obtain this type of motion for the electron beam, both horizontal and
vertical deflcction coils in the Iconoscope tube are utilized. Without going
into any extensive discussion at this o Path of scanning
time of the operation of the eclectron e slectron begm
gun located in the neck of the Icono-
scope, let us state simply that the hori-
zontal deflection coils can move the
electron beams horizontally across the
sereen from left to right and back
again. The vertical deflection coils can
cause the beam to move vertically.
Between them, and  with different
amounts of currents through each set

10,etc.
of coils, it is possible to move the elee- IMAGE
tron beam across the screen to reach Fig. 1.11. In actual equipment, it is
any desired point. easier to have the electron beam travel

In the foregoing type of motion, In the manner indicated above, rather
with the beam moving across the sereen than as shown in Fig. 1.10.
slantwise, we have the equivalent of a fast-acting voltage on the horizontal
plates quickly foreing the beam straight across, while a slow-acting voltage
at the vertical plates is forcing the beam down. The result is pictured in
Fig. 1-11. When the beam reaches the end of a line, it is quickly brought
almost straight across (with the blanking signals on) and thus finds itself
in correet position to start scanning line 2 when the blanking voltage is re-
moved. The remainder of the lines follow in similar fashion. At the bot-
tom of the picture, after the last line has been scanned, a longer blanking
signal is applied while the beam is returned to the top of the picture. The
purpose of the blanking voltages is simply to prevent the beam from im-
pinging on the screen when there is nothing to impart, but is merely moving
into position for the next scanning run.

Many readers will probably note at this point that possible currents that
could be used for the horizontal and vertical deflecting coils are of the fa-
miliar saw-tooth form illustrated in Fig. 1-12. These rise gradually to a
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fixed level and then suddenly drop (almost vertically) to zero to begin the
process all over again. More will be mentioned about saw-tooth wave gen-
erators when the television receiver is discussed.

It was stated that there are two reasons why the horizontal scanning
process as first explained had to be modified. The first reason has already
been given. For the second reason, we must cxamine more closely the hu-
man eye and its action when observing motion on a screen.

Flicker. If a set of related still

o ‘.-.:" films follow each other fairly rapidly

I ",«\""o,a o8y on a screen, the human eye is able to

A T correlate them, and the motion ap-

TINE ——> pears .continuous. The eye can do

Fic. 1.12. A saw-tooth current, as il- this because of the well-known phe-

lustrated here, when sent through a set  nomenon called persistence of vision.

o e o et e o i proery of the e, vl

right and then retrace rapidly from 1MA8€S .do not fhsappear G890 Y

right to left. their stimulus is removed. Rather,

the light appears to diminish gradu-

ally, taking, on the average, about %40f a second before it disappears en-

tirely. In motion pictures, this is very fortunate, for otherwise this method
of entertainment would be impossible.

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

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

In television, a fundamental rate of 30 images (or frames) per second
was chosen because this frequency and the effective rate are related to the
frequency of the alternating current power lines. Practically, this choice

AMPLITODE
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of frame sequence rate results in less filtering in order to eliminate a-c¢
ripple, which is called hum in audio systems. With 24 frames per sec-
ond, for example, any ripple that was not climinated by filtering would pro-
duce a weaving motion in the reproduced image. Less difficulty is encoun-
tered from a-c ripple when 30 frames per second are employed.

To climinate all traces of flicker, an effective rate of 60 frames per sec-
ond is employed. This is accomplished by increasing the downward travel
rate of the scanning electron beam so that not every successive line, but

START OF START OF
FELD | E/ FELD 2

SOLID LINES FOR
ACTUAL SCANNING

DOTTED LINES FOR
BEAM RETRACES

F
R
Fi6. 1.13. The path of the electron beam in interlaced scanning.

every other line is sent. Then, when the bottom of the image is reached,
the beam is brought back to the top of the image, and those lines that were
missed in the previous scanning are now sent. Both of these operations, the
odd and even line scanning, take 15, of a sceond and so 30 frames is still
the fundamental rate. However, all the even lines are transmitted in 14,
of a second and the same is true of the odd lines. Both add up, of course,
to 130 of a sccond. Hence, to the cye, whicli cannot separate the two, the
effective rate is now 60 frames per second and no flicker is noticeable.

To differentiate between the actual fundamental rate and the effective
rate, we say that the frame frequency is 30 eycles per second, whereas the
effective rate (called the ficld frequency) is 60. This method of sending
television images (see Fig. 1-13) is known as interlaced scanning.

Thus, as the standards for television images now stand, each complete
scene s sent at a rate of 30 frames per second. In order to obtain the
desired amount of detail in a scene, the picture is divided into a total of 525
horizontal lines. The technical reasons behind the choice of 525 lines are
related to:

1. The frequency band width available for the transmission of the tele-
vision signals. As will be shown later, the required band width increases
with the number of lines.
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2. The amount of detail required for a well-reproduced image.

3. The ease with which the synchronizing (and blanking) signals can be
generated for the horizontal and vertical deflection plates.

With each frame divided into two parts (because of interlaced scan-
ning), each field will have one-half of 525 lines or 262V lines from its be-
ginning to the start of the next field. (As a matter of definition, a com-
plete picture is called a frame.) With interlaced scanning, each frame is
broken up into an even-line field and an odd-line field. Each field contains
2621 lines whereas a frame has the full amount, or 525.

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

At the start of the scanning motion at the camera tube mosaic, the elec-
tron beam is at the upper left-hand corner, point A of Fig. 1-13. Then,
under the combined influence of the two sets of deflecting coils, the beam
moves at some small angle downward to the right. When point B is
reached, the blanking signal acts while the beam is rapidly being brought
back to point C, the third line as required for interlaced scanning. The
blanking signal then relinquishes control and the electron beam once again
begins its left-to-right motion. In this manner every odd line is scanned.

When the end of the bottom odd line has been reached (point D), the
blanking signals arc applied while the beam is brought up to point E.
Point E is above the first odd line of field 1 by a distance equal to the thick-
ness of one line. The beam is brought here as a result of the odd number
of total lines used, namely, 525. Each field has 262l lines from its be-
ginning to the start of the next field and, when the beam reaches point E,
it has moved through the necessary 2621 lines from its starting point A.
From here the beam again starts its left-to-right motion, moving in between
the previously scanned lines, as shown in Fig. 1-13. The beam continues
until it reaches point F and from here is brought to point A. From point A
the entire sequence repeats itself.

Thus, as matters stand, the electron beanr moves back and forth across
the width of the mosaic 262V times in going from point A to point D to
point E. The remaining 26214 lines needed to form the total of 525 is ob-
tained when the beam moves from point E to point F back to point A. The
process may seem complicated but actually it is carried out quite readily
and accurately at the transmitter (and receiver). A more detailed analysis,
including the number of horizontal lines which are lost when the vertical
synchronizing pulse is active, will be given in Chapter 12.

The Image Orthicon. Of the three camera tubes mentioned previously,
the Iconoscope has already been described in some detail. It is not without
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defects, the two most serious being its poor efficiency and its tendency to
produce background shading that is not found in the original scene. The
latter defect arises from the fact that the impinging scanning beam has suffi-
cient force to dislodge secondary electrons from the surface of the globules
over which it may be passing. Some of these electrons, once freed from
their globules, may be attracted either to the positive collector ring or fall
back on the mosaic plate. In either case, the charge distribution of the
mosaic plate has been altered from its true, original form. This distortion,
for that is what it is, appears on the screen, generally, as a darkened back-
ground. Correction voltages from a so-called shading generator are inserted
into the signal in an cffort to eliminate the distortion. In essence, the volt-
ages from the shading generator are 180° out of phase with the distortion
voltages, and their elimination is thus effected. It may appear to the
reader that almost an infinite number of shading signals would be required.
Fortunately this is not so. Experience with Iconoscopes reveals that rela-
tively simple correcting voltages are required and these are readily gener-
ated and injected into the voltage wave.

A camera tube which is elaimed to be one hundred times more sensitive
than either the Iconoscope or the Image Dissector was developed by RCA
enginecers. The tube, shown in Fig. 1-6, is known as the Image Orthicon.
The greater sensitivity of this tube gives it the following advantages:

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

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

Physically, the tube looks like an elongated image projection tube, being
approximately 15 inches long and 3 inches in diameter at the head. Elec-
trically, the tube is divided into three parts: the image section, where the
equivalent distribution of charge over a photosensitive surface is formed;
a scanning section, consisting of the electron gun, the scanning beam and
deflecting coils; and, finally, a multiplier section where, through a process of
secondary emission, more current is generated than is contained in the re-
turning beam. This action is closely akin to the electron multiplier con-
tained in the Farnsworth Image Dissector. Fig. 1-14 illustrates these three
sections of the Image Orthicon.

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

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

Note that by this method of forming a charge distribution on the target
plate, we obtain a more intense degree of positive charge distribution than
if the light rays themselves had been the activating agent, as in the Icono-
scope.

ERATING RING
THODE (ZERO? o:n.:cnou \ :
SECONDARY ELECTRONS
— o =
KRR l>®<]
B COATING (+80V.)

SIGNAL OUTPUT g3 L A O-CA
ELECTROOE (+1500V) — = ) (-800%!
ALIGNMENT COL <TWO-SIDED TARGET A eRoy

Fic. 1.14. The internal construction of the Image Orthicon.

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

It is evident that the most positive points on the plate return the least
number of electrons from the original scanning beam. Hence, the voltage
developed across the output load resistor is inversely proportional to the
positive charge intensity on the target. As we shall see presently, this cor-
responds to negative phase polarity in the signal.

In order to function effectively, the two-sided target must be able to con-
duct electrons between its two surfaces but not along cither surface. The
logic of this is evident. Whatever charge appears on the one side of the
target due to the focused image must likewise appear on the other side.
It is this sccond side which is scanned and it is from here that the video
signal is obtained. Hence, a conducting path must exist between the front
and back sides. On the other hand, nothing must disturb the relative po-
tential that exists throughout the charge pattern, as deposited on the front
side of the target. Hence, no conduction is permissible between the various
elements of any one side of the target plate. Where this occurs, the charge
differences between the various points on the image disappear.
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The two-sided target used in the Image Orthicon consists of a thin sheet
of low-resisting glass. The resistivity between the front and back sides is
sufficiently low so that if we were to place opposite charges on the sides, com-
plete neutralization (by conduction) would occur in less than %4, of a sece-
ond. In this way, we prevent one frame from affecting the next frame, an
cffect which is known as “hangover.”

The thin sheet of glass is about 114 inches in diameter. It is placed about
two thousandths of an inch from a flat fine-mesh sereen. The purpose of
this fine-mesh sereen is to collect secondary clectrons that are knocked off
the target when the photoclectrons impinge upon it. In order not to inter-
fere with the oncoming photoelectrons, the mesh contains 500 to 1,000 meshes
per linear inch, an open area of 50 to 75 per cent and a considerable accuracy
of spacing.

The Image Dissector Camera Tube. The Iconoscope and Image
Orthicon come under the heading of storage type camera tubes heecause the
globules of the mosaic have the property of increasing their charge during
the time that the electron seanning beam is acting clsewhere on the plate.
In this way, ecach picture element, by the time it is scanned, possesses a
greater charge than if it did not have the property of storage.

P. T. Farnsworth developed a camera tube that may be considered as an
instantancous scanner because storage of energy is not involved. The tube,
shown in Fig. 1-7, consists of a flat photosensitive cathode located at one end
of the tube. The scene to be televised is focused on this cathode by means
of a lens system located outside the opposite end of the tube. When the
light reaches the cathode, clectrons are emitted in proportion to the amount
of light striking any one point. Thus the clectron distribution leaving the
cathode is equivalent to the distribution of light focused by the lens.

The electron cloud is forced to move down the tube by high positive
voltages applied to attracting electrodes situated at the other end of the
tube. A scanning aperture (sce Fig. 1-15) is also located at the other end
of the tube, but its position is fixed. Here, deflecting coils move the clee-
tron cloud past the aperture and cach electron, as it is swung in front of the
opening, enters because of its forward motion. Notice that in this tube, the
electron cloud or clectron image is moved while the scanning device is sta-
tionary. In the Iconoscope, the opposite was true. As in the Iconoscope,
however, the image is scanned by horizontal lines, 525 in all.

After the electrons enter the scanning aperture in turn, they hit specially
constructed plates that have the property of emitting a number of electrons
for each one that impinges on them from the electron cloud. These extra,
or secondary, electrons thus emitted are accelerated to another plate which
also gives off more electrons than strike it. The process is repeated approxi-
mately eleven times and a fairly large current is obtained at the output
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A structure of this type is known as an electron multiplier; some idea of its
internal structure may be gained from Fig. 1-15.

If the reader is puzzled as to what happens to the electrons in the elec-
tron cloud or image that are not, at any particular moment, being scanned,
it may be stated that they are attracted to the anode coating located on the
side walls. The image is not destroyed because electrons in a steady stream
are continually being given off by the photocathode. Thus there is always
an electron image present and the scanning aperture always has electrons
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Fi6. 1.15. An internal view of an Image Dissector tube.

surging in. The electrons all eventually get back to the photocathode by
either of two routes. One is from the anode coating on the side walls; the
other is through the scanning aperture, down the electron multiplier struc-
ture, through the load resistor and back to the cathode.

To move the electron cloud past the scanning aperture, horizontal and
vertical deflecting coils are employed. Currents from timing generators
control the fields set up by these deflecting coils and the entire electron
image is moved back and forth and scanned. With sufficient light from the
scene being televised, pictures of good quality are obtainable. The Image
Dissector is employed in equipment manufactured by Capehart-Farnsworth
(a subsidiary of I.T. & T.).

All camera tubes are housed in large rectangular cases, then placed on
dollies to allow the entire assembly to be moved from one position to an-
other quickly and quietly. The necessity for employing the relatively large
cases is due to the extremely small video currents generated in the camera
tubes, even under the most favorable conditions. If these tiny currents were
sent into the long connecting coaxial cables, they would be too small to over-
ride the inherent noise in the system by the time the transmitter was reached.
To overcome this, several amplifiers are built into the camera assembly along
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with the camera tube. Consequently, the small video currents are amplified
immediately and then sent into the connecting transmission line.

Figs. 1-16 and 1-17 illustrate two examples of present-day television
cameras. The first camera is for regular studio use; the second is designed
for outdoor, on-the-spot programs.

Courtesy NBC

Fi16. 1.16. A television studio camera in action.

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

Blanking voltages, while preventing the electron beam from impinging
on the fluorescent sereen during retrace periods, do not cause the movement
of the heam from the right- to the left-hand side of the screen, or from bot-
tom to top. For this, another set of pulses, superimposed over the hlanking
signals, control oscillators at the receiver and these, in turn, control the
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rupted, even while the vertical deflecting coils are bringing the electron
beam to the top of the field, the long vertical pulse is broken into appro-
priate intervals. In this manner it is possible to send both horizontal and
vertical pulses at the same time, each being accurately separated at the
receiver and transferred to the proper deflection system. Greater detail is
given on this point in Chapter 12. The term used for the series of synchro-
nizing pulses that combine to make up the total vertical signal is “serrated
vertical impulses.” This type of wave form has been established as stand-
ard in the United States.

Under the action of the vertical deflecting coils the beam is brought to
either point A or E (refer to Fig. 1-13) and then the usual camera action
starts anew.

Negative and Positive Video Polarity. A closer inspection of a video
signal, Fig. 1-20, reveals that of the total (100%) amplitude available, 75
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F16. 1.20. The various proportions of a video signal.

to 80 per cent is set aside for the camera signal variations. At the level
where the camera signal ceases, the blanking voltage is inserted. The re-
maining 20 to 25 per cent of the amplitude is reserved for the horizontal or
vertical synchronizing pulses. It will be noticed that, no matter where the
camera signal happens to end, the blanking level (and the synchronizing
pulses) always reaches the same amplitude. This is done purposely at the
transmitter, and several operations in the television receiver depend upon
this fact. It must be remembered, however, that this does not necessarily
have to be, but is specifically employed because of resulting simplicity
at the receiver.

Fig. 1-20 illustrates the form of the video signal as it is used in the
United States. From the relative polarity marked on the side (or vertical)
scale, it is seen that the brightest portions of the camera signal cause the least
amount of current to flow, or the voltage has the least amplitude. This is
exactly opposite to the action at the Iconoscope as explained previously in
the chapter. The signal voltage (or current) values have been completely
reversed. The blanking voltage, which should be more negative than any
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portion of the camera signal, is actually more positive. And the synchro-
nizing pulses give the largest voltage and current of all.

Transmitting the signal in this form is known as negative picture trans-
mission, and the picture is said to be in the negative picture phase. If the
video signal were reversed so that it assumed the form of Fig. 1-21, it would
be called the positive picture phase and, if transmitted, would be known as
positive transmission. In the United States, negative R.F. transmission
is employved, although in England the other form is preferred. It is claimed
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Fic. 121. The form of the video signal in positive transmission.

here that less interference is visible on the viewing screen with negative
transmission, and better all-around reception is obtained under adverse con-
ditions. Be that as it may, one standard has been decided upon, and all re-
ceivers must be constructed to receive this signal. If a receiver designed
for negative picture phase signals receives a positive picture phase signal,
all the image light values are reversed on the viewing screen. The bright
portions would appear dark and vice versa. The result would be similar to
a photographic negative, in which the values are likewise reversed.

In the receiver, before the video signal is applied to the control grid of
the cathode-ray tube, the signal must be transferred into the proper or posi-
tive picture phase. The grid of the cathode-ray tube is then biased by
cnough negative voltage so that, whenever the blanking voltage section of
the signal does act at the grid, the electron beam is automatically prevented
from reaching the fluorescent sereen. With the positive picture phase, the
camera signal voltages are all more positive than the blanking pulse and, on
these portions of the video signal, the electron beam is permitted to impinge
on the screen with varying amounts of eclectrons. A bright spot in the re-
ccived image causes the grid to become more positive than when the vol-
tage of a darker spot is applied. More electrons in the beam mean more
light emitted at the screen, and the various shades and light gradations of
the image are formed by different voltages.

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

Now, consider the video signal of Fig. 1-21. With the blanking level
we find the synchronizing pulses. When applied to the viewing tube con-
trol grid along with the rest of the wave, the pulses drive the grid to a nega-
tive voltage even greater than cut-off. The pulse region, for this reason, is
labeled as blacker than black, because the position of the blanking signal
has been called black. The unwanted synchronizing pulses that ride through
the video amplifiers with the necessary video signal need not be removed
because they do not interfere, in any way, with the action of the control
grid at the cathode-ray tube. As will be shown presently the complete
video wave is applied, after the detector, to the synchronizing and video am-
plifier circuits simultaneously. The synchronizing clipper tube permits
merely the pulses to pass through, whereas the video amplifiers allow the
entire signal to pass.

Why Television Requires Wide Frequency Bands. In dealing with
television receivers, it will be found that extensive use is made of wide-band
amplifiers designed to rececive signals extending over a band width of 6
megacycles (mc). The different forms thesc amplifiers may assume and
their characteristics are discussed in later chapters; however, the reason for
the extremely wide band width may be appreciated now.

In the foregoing paragraphs on television images, it was brought out tliat
the more elements in a picture, the finer the detail that could be portrayed.
The picture could also stand closer inspection before it lost its smooth, con-
tinuous appearance. Each thirticth of a second, 525 lines are scanned, or a
total of 15,750 lines in one complete second.  If each horizontal line contains
700 scparate clements, then 15,750 X 700 or 11,025,000 elements or electrical
impulses are transmitted cach second. In order to attain full advantage of
the use of this number of elements, it is first necessary to determine what
relationship exists between the two quantitics, number of elements and band
width,

Consider, for example, that the mosaic plate in the Iconoscope is broken
up into a series of black and white dots, each dot representing one cle-
ment. The resulting pattern is shown in Fig. 1-22A. As the scanning
beam passes over cach clement in turn, a pulse of current flows every time
a white dot is reached, for this element has a large deficiency of electrons.
At the next element, the current drops to zero, for theoreticzlly a black dot
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represents an element that has received no light at all and hence requires no
additional replacement of clectrons. In one complete horizontal line, the
eleetric pulses of current would have the shape shown in Fig. 1-22B,
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F1c. 1.22. The basic relationship between the number of elements in an image and
the width of the frequency band required.

If we combine one maximum point in the wave with its succeeding mini-
mum point, we obtain one complete cycle. The same situation prevails in
any sine wave. (See Fig. 1-22C.) Since cach white dot represents a maxi-
mum point and each black dot a minimum point, then by taking the total
number of white and black dots on a line, and dividing their sum by 2, we
obtain the number of cycles the current goes through when one horizontal
line is scanned. With 700 elements (dots, in this case) on a line, a funda-
mental frequeney of 350 cycles is generated.

Under present standards, 525 lines are scanned in %4 of a second, or a
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total of 15,750 in one second. Employing 700 clements per line, 11,025,000

picture elements are sent each second. This, from our analysis, results in a

11,025,000
2

a band width of 4 me is allowed. Thus, for the video section alone, this

extremely large band width must be passed by all the tuned circuits of the

television receiver.

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

While 4 mc are required to accommodate the video information alone,
the band width set in practice is 6 me. Of the extra 2 me, the F-M audio
carrier uses 50 kilocycles (kec). Apparently considerable band width is not
utilized. The reason for the extra space is found in the process whereby
the television video carrier is generated.

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

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

Now, let us turn our attention to the video signal. It is generated by
fundamentally the same type of apparatus that is employed at the sound
broadcast frequencies. Since 4 me are needed for the picture detail, a sig-
nal would be generated that extended for 8 me, or =4 mc about the carrier.

frequency of cycles per second or 5.51 me. In actual practice,
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And this does not include the sound. An 8-me band is undesirable because
of the cther space occupied and the difficulties inherent in transmitting a
signal of this band width. Hence, the necessity arises for removing one side
band, since only one is required.

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

In Fig. 1-23A is the television video signal as it appears with both side
bands present, and Fig. 1-23B shows it as it appears after passage through
filters that partially remove one side band. The carrier’s frequency is found
1.25 me above the low-frequency edge of the television signal. Then for
4 me above this, we have the television video signal with the desired picture
information. This is all indicated in Fig. 1-23. A 0.5-mec. band width sepa-
rates the high-frequency edge of the video signal and the F-M carrier. The
space is left for the purpose of preventing undesirable interaction between
the two, such as cross-modulation, which would lead to distortion of the
video signal. In this manner the allotted 6 me are distributed.

Effect of Loss of Low and High Video Frequencies. While uniform
response over a 4-mc band may be required in the picture LF. and video
amplifiers, this is not easily attained in practice. Special cireuit designs
must be resorted to which are more fully cxplained at their appropriate
places in later chapters. For the moment, it is only necessary to point out
the effects of poor response at either the high- or low-frequency ends of the
band.

In the preceding analysis we have scen that a greater number of ele-
ments required a greater band width if advantage was to be taken of the
inerease. Since detail is determined mainly by the number of very small
clements, any decrease in the response at the higher frequencies will result
in less fine detail available at the receiving cathode-ray sereen. The pic-
ture will lose some of its crispness and may even appear somewhat blurred
if the high-frequency response is degraded cnough. In commercial tele-
vision receivers, a video passband of from 3.3 to 4.0 me is generally con-
sidered good, while anything below 3.0 me is not too desirable.

At the low-frequency end of the band, poor frequency response results in
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obliterating the slow changes that occur in background shading. However,
it is possible partially to counteract bad effects caused by the poor response
with the manually adjusted brightness control to be deseribed later.
Frequency Allocations. With a maximum band width set at 6 mc, it
becomes obvious that in order to operate even as few stations as five in any
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Fic. 1.23. Double-side band (A) and vestigial-side band (B) transmission of tele-
vision signals. Method B is standard in the United States and represents the signal
as sent,

one area, a band 30 me wide must be provided. With most of the lower
frequencies already occupied by cxisting services, television was allotted
space at the high frequencies, from 54 me up. The advantage of using the
higher frequencies lies in the vast amount of free ether space that is avail-
able. This permits extensive expansion, which is certain to occur when
television sets become as numerous as the present A—M receivers. The dis-
advantages of using the higher frequencies result from the semi-optical be-
havior of radio waves in this range and the engineering difficulties in build-
ing stable high-powered equipment at short wavelengths.

The latter problem is fast dissolving in the many research laboratories
in this country and abroad. New tubes, more easily built components, bet-
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Courtesy A.T.T.
Fic. 1.24. A fanned-out section of an 8-tube transmission cable.
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Courtesy Bell System
Fig. 1.25. Typical of the seven intermediate stations on hilltops along the Bell
System radio relay route between New York and Boston is the one at Birch Hill,
near Patterson, N.Y. Electromagnetic lenses in the horns seen on the roof receive
and beam long distance communication between the two cities.
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ter design and many other factors have combined to give good results with
receivers and transmitters at the high and ultra-high frequencies.

The other problem involving the short range in which high-frequency
radio waves can be received means that eventually numerous relay stations
will have to be installed throughout the country for wide population cov-
crage. Such work is now in full swing and consists of a combination of
coaxial eable and microwave relays. A scetion of the transmission cable
(Fig. 1-24) actually being used contains eight independent concentric ca-
bles — together with 49 paper insulated wires for testing and maintenance
purposes. A pair of the concentric cables, when fully terminated by the
proper repeater stations, is capable of handling about 600 simultaneous
telephone conversations, or one television program in each direction. Each
of these copper tubes is about the diameter of a man’s small finger. Run-
ning down the center of each tube is a copper wire about the size of a pencil
lead, held in place by round insulating dises. Both the copper tube and the
wire inside have the same axis, hence the name of concentric or coaxial.

Microwave systems, which may be used for long-distance telephone calls
as well as television, make use of very short radio waves (in the neighbor-
hood of 4,000 megacycles). These microwaves are free from static and most
man-made interference and shoot off into space instead of following the
carth’s curvature. Therefore, the waves are gathered into a beam and aimed
at towers, usually located atop high buildings or hilltops. Microwaves are
focused in narrow bheams from one point to another by huge horn-shaped
antennas. Microwaves can be beamed over distances of 30 to 40 miles, just
as long as there is no interference in its line-of-sight path. Typical of the
microwave relay stations on hilltops is the one shown in Fig. 1-25. This
is located along the Bell System radio relay route between New York and
Boston and is the one at Birch Hill, near Patterson, N. Y.

Fig. 1-26 shows the Bell System’s coaxial eable and radio relay system
as it exists now. While not shown separately, some portions of the routes
use microwave relay and other sections use coaxial cable. Thus, for exam-
ple, the link between Boston and New York consists entirely of microwave
relay stations, while from New York, southward and westward, there is
coaxial cable. In addition, there is a microwave relay system between
New York and Chiecago to supplement the coaxial cable between these two
cities. Other systems besides the Bell System are in operation, but the latter
is the most extensive.

The allocation of channels for television broadeasting, as it now stands,
is as follows:
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Channel Megacycles

2 54-60
3 60-66
4 66-72 } lower VHF band
5 76-82
6 82-88 |
7 174-180)
8 180-186
9 186-192
10 192-198 } upper VHF band
11 198-204
12 204-210
13 210-216]
UHF Band
Channel Channel Channel Channel Channel Channel
No. Freq. (me) No. Freq. (me) No. Freq. (me)
14 470476 38 614-620 62 758-764
15 476482 39 620-626 63 764-770
16 482488 40 626-632 64 770-776
17 488404 41 632-638 65 TT6-782
18 494-500 42 638-644 66 782-788
19 500-506 43 644-650 67 788-794
20 506-512 44 650-656 68 794-800
21 512-518 45 656-662 69 800-806
22 518-524 46 662668 70 806-812
23 524-530 47 668-674 71 812-818
24 530-536 48 674680 72 818-824
25 536-542 49 680-686 73 824-830
26 542-548 50 686-692 74 830-836
27 548-554 51 692-698 75 836-842
28 554-560 52 698-704 76 842-848
29 560-566 53 704-710 77 848-854
30 566-572 54 710-716 78 854-860
31 572-578 55 716-722 79 860-866
32 578-584 56 722-728 80 866-872
33 584-590 57 728-734 81 872-878
34 590-596 58 734-740 82 878-884
35 596602 59 740-746 83 884-890
36 602-608 60 746-752
37 608-614 61 752-758

When television allocations were first made following the war, thir-
teen channels were assigned to immediate television broadcasting. These
included the 12 VHF channels listed above, plus channel 1, at 44-50 mc.
At the same time, non-government fixed and mobile radio services were per-
mitted to share television channels 1 through 5 and 9 through 13. How-
ever, it didn't take long to demonstrate that this sharing was impractical
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because of serious interference to television reception. It was then decided
to allot channel 1 entirely to non-government fixed and mobile services and
to climinate sharing of television channels 1 through 5 and 9 through 13.
Channels 8 and 9 are shared with govermment fixed and mobile services, but
since these latter services funetion infrequently, no serious interference is
obtained.

Fic. 1.26. The Bell System coaxial cable and microwave relay routes.

The UHF band, containing channels 14 to 83, was opened to commercial
broadeasting on July 1, 1952. 'The allocation of stations within this region
is now proceeding at a rapid rate, and there should be several thousand sta-
tions in operation within the next few years.

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

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

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

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

QUESTIONS

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

2. What is a “Fine Tuning” control? Why is it necessary in most television
receivers?

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

4. a. Draw the block diagram of a conventional television receiver. b. Where do
Intercarrier and conventional-type television receivers differ?

5. Of what does a complete television signal consist ?

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

7. What is the purpose of synchronizing pulses?

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

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

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

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

12. Discuss negative and positive picture polarity.

13. How do English and American television signals differ? What effect does
this have on the reproduced image? What would happen if an American-made
receiver were to receive English television signals?
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14. Explain why video signals require wide frequency bands.

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

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

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

18. Why is F-)M employed for sound transmission and A-M for video signal
transmission?

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

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

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

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

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

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

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

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

27. Draw two lines of a complete video signal including two blanking and sync
pulses. Draw the video in positive picture phase.

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

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

30. Explain the difference between camera tubes employing the storage and

non-storage principles,




Chapter 2

HIGH-FREQUENCY WAVES AND THE TELEVISION
ANTENNA

The antenna for a television receiver requires much more attention and
care, especially with regard to placement, than that used with the ordinary
sound recciver. In order to obtain a clear, well-formed image on the cath-
ode-ray tube screen, it is absolutely necessary that:

1. The maximum signal strength be developed at the antenna.

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

3. The antenna be placed well away from man-made sources of inter-
ference.

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

The position of the antenna must be chosen carefully, not only for addi-
tional signal strength, but also because of the appearance of so-called
“ghosts” on the image screen which are due to the simultancous reception
of the same signal from two or more directions. For an explanation of this
form of interference, refer to Fig. 2-1, in which a television dipole antenna
. Is receiving one signal direetly from the transmitting tower, while another
ray strikes the same antenna after following a longer, indirect path. Re-
flection from a building or other large object could cause the indirect ray
to reach the antenna.

Because of the longer distance the reflected ray travels, it will arrive
at some small fraction of a sccond later than the direct ray. In sound re-
ceivers, the ear does not detect the differcnce. On a television sercen, the
scanning beam has traveled a small distance by the time the reflected ray
arrives at the receiver. Hence, the image contained in the reflected ray

40
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appears on the screen displaced some small distance from similar detail con-
tained in the direct ray. The result is shown in Fig. 2-2, When the effect
is pronounced, a complete double image is obtained and the picture appears

~

\ N ¥

Direct Ray Path \ /
/

S

Fic. 2.1. The reflected ray, along with the direct ray, arrive at the receiving an-
tenna to form double images, called “ghosts.”

blurred. To correct this condition, it is necessary to change the position of
the antenna until only one ray is received. The antenna should not be
turned to favor the reflected signal unless it is impossible to obtain a clear
image with the dircct ray. The properties of reflecting surfaces change
daily, and there is no certainty that a good signal will always be received.

Fic. 2.2. A “ghost” image on a television viewing screen.

The placement of the antenna is generally the most difficult operation of
a television installation.  To obtain maximum results, it is necessary for the
radio serviceman or other person crceting the receiving antenna to have a
good knowledge of the behavior of radio waves at the high frequencies,
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Radio Wave Propagation. Transmitted radio waves at all frequencies
may travel in either of two general directions. One wave closely follows the
surface of the earth, whereas the other travels upward at an angle which
is dependent on the position of the transmitting radiator. The former is
known as the ground wave, the latter as the sky wave. At the low fre-
quencies, up to approximately 1,500 ke, the ground wave attenuation is low,
and signals travel for long distances before they disappear. Above the
broadeast band, the ground wave attenuation increases rapidly, and all ex-
tensive communication is carried on solely by means of the sky wave.

The sky wave leaves the carth at an angle that may have any value
between 3° and 90° and travels in almost a straight line until the ionosphere
is reached. This region begins at a distance of about 70 miles above the
surface of the earth, and within this area are found large concentrations of
charged gaseous ions, free electrons, and uncharged or necutral molecules.
The ions and free electrons act on all passing electromagnetic waves and
tend to bend these waves back to earth. Whether the bending is complete
(and the wave does return to the earth) or only partial depends on several
factors:

1. The frequency of the radio wave.

2. The angle at which it enters the ionosphere.

3. The density of the charged particles (ions and electrons) in the
ionosphere at that particular moment.

4. The thickness of the ionosphere at the time.

Extensive experiments indicate that, as the frequency of a wave increases,
a smaller entering angle is necessary in order for complete bending to occur.

N
Fic.2.3. At the higher frequencies, a’radio wave must enter the ionosphere at small
angles if it is to be returned to earth.
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As an illustration of this, consider the two high-frequency waves, 4 and B,
shown in Fig. 2-3. Wave A enters the ionosphere at a small angle and,
hence, little bending is required to return it to earth. Wave B, subject to the
same amount of bending, is headed outward, however, because its initial
entering angle was too great. Naturally, this latter wave would not be
useful for any communication purposes,

By raising the frequency still higher, the maximum incident angle at the
ionosphere becomes smaller, until finally a frequency is reached where it
becomes impossible to bend the wave back to earth, no matter what angle
is used. For ordinary ionospheric conditions, this occurs at about 35 to
40 mec. Above these frequencies, the sky wave is useless so far as radio
communication is concerned. Only the direct ray is of any use. Television
bands, starting above 40 me, would fall into this category. By direct ray
(or rays), we mean the radio waves that travel in a straight line from trans-
mitter to receiver. Ordinarily, at lower frequencies, the radio waves are
sent to the ionosphere and, from there, to the receiver at some distant point.
With high frequencies, the ionosphere is no longer useful, so the former sky
waves must be concentrated into a path leading direct to the receiver. If
not intercepted by the receiver, they finally hit the ionosphere and are lost.
It is this restriction to the use of the direct ray that limits the distance in
which high-frequency communication may take place.

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

Line-of-Sight Distance. At the frequencies employed for television,
reception is possible only when the receiver antenna directly intercepts the
signals as they travel away from the transmitter. These electromagnetic
waves travel in essentially straight lines, and the problem resolves itself into

Transmitting
antenna

Fic. 2.4. Illustrating how to compute the line-of-sight distance for high-frequency
radio waves.
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finding the maximum distance at which the receiver can be placed from the
transmitter and still have its antenna intereept the rays. This distance may
be computed as follows.

In Fig. 24, let the height of the transmitting antenna be called &, the
radius of the carth R, and the distance from the top of the antenna to the
horizon d. This gives us a right triangle. From clementary geometry it is
possible to write down the following equation

(R + h,)?=R®+d?>= R*+ 2Rh, + h?

h, is very small compared with the radius of the earth and the k2 term may
be neglected. This leaves

d2 = 2Rh,

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

d = 1.23\/h,

where d is in miles, %, in feet. The relationship between d and k, for various
values of h, has been put into graph form in Fig. 2-5.

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

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

d =123(\/h, + \/R,)

where h, is the receiving antenna height in feet.

Unwanted Signal Paths. While the foregoing computed distances
apply to the direet ray, there are other paths that waves may follow from
the transmitting to the recciving antennas. Each of these other rays is
undesirable as they tend to distort and interfere with the direct-ray image
on the screen.  One method, by reflection from surrounding objects, has al-
ready been discussed.  Another ray may arrive at the receiver by reflection
from the surface of the earth. This path is shown in Fig. 2-7. At the
point where the reflected ray impinges on the earth, phase reversals up to
180° have been found to occur. This phase shift thus places a wave at

R
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the reeciving antenna which generally acts against the direct ray. The
overall effect is a general lowering of the resultant signal level and the ap-
pearance of annoying ghost images.
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Fic. 2.5. The relationship hetween the height of the transmitting antenna (in feet)
and the distance in miles from the antenna that the ray may be received.

5. -,

Recelving
antenna

F16. 2.6. Increasing the line-of-sight distance from the receiving antenna to the
transmitter by raising both struetures as high as possible.

Direct ray
——————— — P —————— -

Fic. 2.7. The reflected radio wave, arriving at the receiving antenna after reflection
from the carth, may lower the strength of the direct ray considerably.

However, there are compensating conditions acting against the decrease
duc to the ground refleeted ray. One is the weakening of the wave strength
by the absorption at the point where it grazed the earth. The other results
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from the added phase change (not that just mentioned) arising from the
fact that the length of the path of the reflected ray is longer than the direct
ray path. Thus there is a ground phase shift plus whatever else may
have been added because of the longer distance. All combine to lower
the direct ray strength less than we would at first expect.

It has further been observed that the received signal strength increases
with the height of either or both antennas. At the same time, a decrease in

/E lectric lines of force
A A Aﬂxu b A A ATA A A

-> Electromagnetic
3. ~lines of force

v Jr YVYY

Fic. 28. The components of an electromagnetic wave. The wave travels at right
angles to these lines of force. In this illustration, direction of travel is forward, out
of the paper.

noise pick-up occurs. For television signals, this is most important. Place-
ment of the antenna and utilization of its directive properties will help in
decreasing (and many times eliminating) all but the desired direct wave.

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

All electromagnetic waves have their energy divided equally between an
electric ficld and a magnetic field. In freec space these fields are at right
angles to each other. Thus, if we were to visualize these fields and represent
them by their lines of force, the wave front would appear as in Fig. 2-8.
The ficlds represent the wave, the arrows the direction in which the forces
are acting. The mode of travel of these waves in free space is always at
right angles to both fields. As an illustration, if the clectric field lines are
vertical and those of the magnetic field are horizontal, the wave travels
forward.

In radio, the sense of a radio wave has been taken to be the same as the
direction of the electric lines of force. Hence a vertical antenna radiates a
vertical electric field (the lines of force are perpendicular to the ground),
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and the wave is said to be vertically polarized. A horizontal antenna radi-
ates a horizontally polarized wave. Experience has revealed that the great-
est signal is induced in the receiving antenna if it has the same polarization
(is held in the same manner) as the transmitting antenna.

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

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

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

A simple half-wave antenna is erected and supported as indicated in
Fig. 2-9. Metallic rods are used for the antenna itself, mounted on the sup-
porting structure and placed in a horizontal position (parallel to the ground).
Each of the rods is one-quarter of a wavelength long, the total equal to the
necessary half wavelength. In this arrangement, which is also known as a
dipole antenna, the transmission lead-in wire is connected to the rods, one
wire of the line to each rod. The line then extends to the receiver. Care
must be taken to tape the line at several points to the supporting mast so
that it does not interfere with the operation of the antenna, Taping also
prevents the line from flapping back and forth in the wind. Any such mo-
tion could weaken the connections made at the rods.

* UHF antennas will be considered separately in Chapter 17.
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When the properties of a dipole antenna are investigated, it is found that
signals are received with greatest intensity when the rods are at right angles
to the direction of the signal. This is illustrated in Fig. 2-10A. On the
other hand, signals approaching the antenna from either end are very poorly
received. To show how waves at any angle are received, the graph of Fig.
2-10B is commonly drawn. It is an overall response curve for a dipole an-
tenna.

Fic. 29. Dipole antenna assembly used extensively for television receivers.

From the diagram, with the placement of the antenna as shown, the
strongest signal would be received from direction A. As the angle made
with this point is increased, the strength of the received signal decreases, until
at point B (90°) the received signal voltage is at a minimum (or zero).
The reader can determine the reception for waves coming in at other angles
by inspection of the graph. Notice that good signal strength is obtained
from two directions and, because of this, the dipole may be called bi-direc-
tional. Other systems can be devised that are uni-directional, non-direc-
tional or that have almost any desired properties. For each system, a re-
sponse curve would quickly indicate its properties in any direction.

As stated, an antenna must be tuned in order to have the strongest signal
develop along its length. Hence it becomes necessary to cut the wires (or
rods) to a specific length. The length will vary with each different fre-
quency, longer at the lower frequencies and shorter at the higher frequencies.
It might be supposed, then, that a television set capable of receiving signals
with frequencies ranging from 54 to 88 mc would need several antennas, one
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for every channel. It is not necessary, however, to go to such extremes; in
practice, one antenna is sufficient, if tuned to a middle frequency.

Antenna Length Computations. With the foregoing range of fre-
quencies, a middle value of 65 me¢ might be chosen. While an antenna cut
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Fic. 2.10A. Dipole antennas, of the type shown, received signals best from the
directions indicated.

Fi16. 2.10B. The directional response curve of a dipole antenna.
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to this frequency would not give optimum results at the other bands, the
reception would still be quite satisfactory.
To compute the length needed for the 65-me frequency half-wave antenna,
the following formula is used:
468

in feet — f_
mce

L

With f set equal to 65 mc, the length would be equal to 48845 or 7.2 feet.
Practically, 7 feet might be cut, with cach half of the half-wave antenna
3.5 feet long. For a full-wavelength antenna, approximately 14 feet is
nceded. In congested areas, antenna length must be as short as possible,
and only half-wave antenna systems are generally found. At the present
time, most television stations are located in urban areas in order to reach the
greatest number of sets. Emphasis, then, is on short antennas, such as the
half-wave type. If longer lengths are desired, the equation should be modi-
fied by the proper factor. A full wavelength antenna requires a factor of 2;
a wavelength and a half requires a factor of 3, etc.

Half-Wave Dipole with Reflector. The simple half-wave system
provides satisfactory reception in most locations within reasonable distances
of the transmitter. However, the signals reaching receivers situated in out-
lying areas are correspondingly weaker, and noise and interference have a
greater distorting effect on the image. For these locations more elaborate
arrays must be constructed — systems that have greater gain and directivity
and provide better discrimination against interference.

A simple yet effective system is shown in Fig. 2-11. The two rods are
mounted parallel to each other and spaced about .15A-.25x apart. The ac-

nen.:cron
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Fic. 2.11. Dipole receiving antenna and reflector.

tion of the second wire, which is not connected, is twofold. First, because of
its position, it tends to concentrate signals reaching the front wire. Second,
it shields the front antenna from waves coming from the rear. The gain of
the array is generally 5 db greater than that obtainable from a single half-
wave antenna.
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Besides the additional gain that is observed with this two-wire system,
the graph of Fig. 2-12 shows that the angle at which a strong signal may be
received now is narrower.  This is also advantageous in reducing the number
of reflected rays that can affect the antenna. Finally, partial or complete
discrimination is possible against interference, man-made or otherwisc.
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Fic. 2.12.  The directional response curve for a halt-wave antenna with a reflector.

The method of erecting the antenna is similar to that of the half-wave
dipole, although the adjustment of the position of the wires is more eritical.
A small displacement, one way or another, will alter the strength of the re-
ceived signal. Many commercial antenna kits do not provide adjustment
of the spacing distance between the two wires. However, if an adjustment
is possible, the spacing may be altered if experimentation indicates that
it would result in better reception.

Another antenna widely used by servicemen and recommended by tele-
vision receiver manufacturers is the folded dipole shown in Fig. 2-13A.
This antenna consists essentially of two dipole antennas connected in paral-
lel with each other. The separation between the two sections is approxi-
mately 3 to 5 inches. The folded dipole has the same bi-directional pattern
as the simple dipole and approximately the same gain. The input imped-
ance is now 300 ohms (at the frequency for which it was cut) against 72
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FiG. 2.13. Various types of popular television receiving antennas.
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ohms for the simple dipole. However, the response of a folded dipole is
more uniform over a band of frequencies than the simple dipole.

The directivity of the folded dipole ean be inereased by the addition of a
reflector. (See Fig. 2-13B.) The unit now possesses the same directional
pattern as the simple dipole with reflector. The length and spacing of the
reflector can be determined by the same formulas previously given for the
simple dipole and reflector.

In the remaining illustrations of Fig. 2-13, other popular types of tcle-
vision antennas are shown. Nearly all of these are elaborations of the basic
dipole or folded dipole. In Fig. 2-13C, we have a stacked dipole array, with
reflectors.  (This antenna is sometimes referred to as a “Lazy H” because
of its similarity to the letter H lying on its side.) Two half-wave dipoles
are placed at the front of the assembly, one mounted above the other. The
center terminals of each dipole are connected together by means of a paral-
lel-wire transmission line. Each conductor of the lead-in line to the tele-
vision receiver attaches to a conductor of this connecting transmission line
at a point midway between the dipoles. A reflector is mounted behind each
dipole.

In Fig. 2-13D, there are two folded dipoles, with reflectors, mounted one
above the other. The upper dipole is cut for a resonant frequency approxi-
mately in the center of the upper VHF-TV band (174-216 mc), and the
longer folded dipole is resonated at the center frequency of the lower tele-
vision band. A short length of 300-ohim transmission line connects the upper
dipole to the lower. From the lower antenna, a 300-ohm line feeds the sig-
nals to the receiver.  With this assembly, cach antenna can be oriented inde-
pendently for best reception from stations within its band, providing the re-
ceiver with good coverage on both bands. Iig. 2-13E is essentially the same
arrangement as Fig. 2-13D, except that the longer folded dipole acts as the
reflector for the shorter folded dipole. The two folded dipoles are connected
in the same manner as the array in Fig. 2-13D. Independent orientation of
each folded dipole is not possible in the array of Fig. 2-13E. The unit in
Fig. 2-13F is an elaboration of that shown in Fig. 2-13C.

The antenna of Fig. 2-13G contains a folded dipole with one reflector and
three directors. It is known as a “Yagi” array and possesses sharp uni-
directional direetivity. Signals are received only from the direction broad-
side to the directors.

The final array (Fig. 2-13H) is one which has been extensively used be-
cause of its ability to receive low and high VHF band signals. The front
elements are bent or veered forward while the rear elements (the reflectors)
generally extend straight out. Due to the shape of the front elements, the
response pattern contains only one major lobe on all channels (as in Fig.
2-12). This is an improvement over the conventional dipole where an ele-
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ment cut for the low frequencies will have a multi-lobed pattern on the high
channels and an element cut for the high frequencies will have a poor response
on the low channels. With the conical antenna, one array suffices for all
VHF channels.

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

Table 2-1 reviews the properties of the basic television antennas, together
with their dimensions.

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

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

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

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

Transmission Lines. With the antenna system in position, the next
problem is the transmission line that conducts the signal from the antenna to
the receiver. Although many differently constructed transmission lines have
been designed, only two general types find any extensive use in television
installations. These are the parallel-wire types and the concentric or coaxial
cable.

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

The flat, parallel-wire transmission line (Fig, 2-14A) is probably the most

TaBLE 2.1. Characteristics of common television antennas.

APPROXIMATE GAIN
ANTENNA TYPE CHARACTERISTIC | DIRECTIVITY DIMENSIONS [COMPARED TO DIPOLE]
IMPEDANCE
[ohms] [teet] db voltage
Plain dipole 72 Bi-directional; . - Unity
broadside vﬂr;-i
to elements ?‘
Folded dipole 300 Bi-directional; a0 /)j - Unity
broadside o>
to elements
Dipole and reflector 50 Uni-directional; ' 5 1.78
broadside '/ 4
to radiator -
Folded dipole and re- 250 Uni-directional; 5 1.78
Mector broadside
to radiator
Dipole, reflector, and 25 Uni-directional; 7 2.24
director broadside
to radiator
Folded dipole, reflector 100 Uni-directional; 7 2.24
and director broadside
to radiator
Stacked dipoles 40 Bi-directional; 13 1.78
broadside
to elements
Folded stacked dipoles 150 Bi-directional; 5 1.78
broadside
to elements
Stacked dipoles and re- 25 Uni-directional; 10 3.16
flectors ide
to elements
- |
Folded stacked dipoles 100 Uni-directional; | <, — | ™ 10 3.16
and reflectora broadside 3 J_
to elements
P =l
-~ I /;-“,,;/4
[ B
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popular lead-in line in use today. The wires are encased in a plastic ribbon
of polycthylene which is strong, flexible, and is not affected by sunlight,
water, cold, acids, or alkalis. At 100 mc, the line loss is on the order of
1.2 db per hundred feet of line. Its characteristic impedance ranges from
75 ohms to 300 ohms. The line is balanced, which means that both wires
possess the same average potential with respect to ground. It is, however,
ungrounded and therefore not recommended for use in extremely noisy loca-
tions.

- - —
L |

(A) Parallel-wire line (unshielded)

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

(C) Airlead

(D) Open-wire line

e E—

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

Fig. 2.14. Various types of popular transmission lines used for F-M and television
installations.

A companion tubular twin-lead line is also available (Fig. 2-14B) which,
while somewhat more expensive than the flat twin-lead, does possess the
advantage of being less affected by adverse weather conditions than the flat
line. Rain, sleet, snow, etc., may not physically affect the flat line, but
cleetrically these serve to increase its attenuation. Thus, at 100 me, flat
and tubular lines under dry conditions possess equal attenuations of 1.2 db.
When wet, however, the loss on a flat line rises to 7.3 db, whereas that on a
tubular line is only 2.5 db. 1In strong signal areas this may not be important,
but imagine what it would do to a picture in a weak signal area.

A third type of parallel-wire line is shown in Fig. 2-14C. Known com-
mercially under the name of “Airlead,” it has 80 per cent of the polyethylene
webbing removed. This is said to reduce the loss or db attenuation by at
least 50 per cent. Its performance in wet weather is also superior to the
other lines. Line impedance is still 300 ohms.

The fourth parallel-wire line is one which is completely open (Fig.
2-14D), being held together by small polystyrene spacers placed approxi-
mately 6 inches apart. The attenuation of this line is only of the order of
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0.35 db per hundred feet at 100 mc and it is relatively unaffected by changes
in weather. Impedance of this line is 450 oluns.

A parallel-wire transmission line that is completely shielded is shown in
Fig. 2-14E. The two wires are enclosed in a dielectric, possibly polyethylene,
and then the entire unit is shielded by a copper-braid covering. As a pro-
tection against the clements, an outer rubber covering is used. Grounding
the copper braid converts it into a shicld which prevents any stray inter-
ference from reaching either conductor. Furthermore, the line is balanced
against ground. It can be built with a variety of impedance values ranging
from 50 ohms up, but a 225-olm line has found greatest use in television in-
stallations. Attenuation of this line is 3.4 db at 100 mc and it is scen that
this iz considerably higher than the attenuation of any of the unshielded
lines. Because of this, and beeause of its greater cost, the shielded line is
used only where the surrounding noise is particularly severe.

The final transmission line is the coaxial or concentric cable, shown in
Fig. 2-14F. Tt contains an insulated center wire enclosed by a concentric
metallic covering which is generally flexible copper braid. The inner wire
is kept in position by a solid dielectric which is chosen for its low-loss prop-
erties. The signal carried by the line is confined to the inner conductor,
with the outer copper-braid conductor grounded so as to serve as a shield
against stray magnetic fields. Due to this arrangement, the line is unbal-
anced and the input coil of the receiver must be connected accordingly. Co-
axial cables are available in a range of impedances from 10 to 150 ohms.

At the receiver, the connections for balanced and unbalanced line differ,
as shown in Fig. 2-15. For a balanced line, the input coil is center-tapped
and grounded at this tap. Stray fields, cutting across hoth wires of a bal-
anced line, induce equal voltages in each line. The similar currents that
flow beeause of the induced voltages are in the same direction on the two
conductors of the line and they neutralize each other.

<—Dipole Antenna

Twisted wire

- — -~
vl TO
T __
74 Raca‘;wr 7 RECEIVER
L >
(A) (8)
BALANCED UNBALANCED

Fig. 2.15. Methods of connecting lead-in wires to the input coil of a receiver.
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Antenna Installation. A complete installation 1is illustrated in
Fig. 2-16A. Stand-off insulators should be mounted on the side of the build-
ing to prevent the transmission line from rubbing against the wall. It is
good practice, also, to install a lightning arrester at the point where the line
enters the building (see Fig. 2-16B). The other ends of the arrester should
be connected securely to an iron pipe sunk into the earth. From the light-
ning arresters, the transmission line is led into the building to the recciver.

T
T Stand-off
I & Insulators
(A
o | S—

/ I
F / To ground

Lightning arrester
(B)

Fic. 2.16. An antenna installation for a television receiver. The ground from the
lightning arrester should be as short and direct as possible.

QUESTIONS

1. Why are antennas more important to television receivers than to standard
A-M broadeast receivers?

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

3. What is the importance of the ionosphere?

4. What factors determine whether or not radio waves are returned to earth
from the ionosphere?

5. How are television signals sent? Explain.

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

7. How much is the above distance increased if the antenna is raised an addi-
tional 100 feet?
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8. A receiver is located 30 miles beyond the horizon distance computed in
Question 6. [ow high should the receiver antenna be raised to receive signals
from this transmitter?

9. What is meant by wave polarization? How does it affect the installation of
a televisicn receiving antenna?

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

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

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

13. How are the directional characteristics of antennas obtained?

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

15. What precautions must be observed in choosing and installing a transmission
line?

16. Name and describe four types of transmission lines.

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

18. Define antenna gain and antenna directivity.

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

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

21. Illustrate a balanced and an unbalanced input system.



Chapter 3

WIDE-BAND TUNING CIRCUITS—R.F. AMPLIFIERS

The Bandwidth Problem. The television signal occupies a 6-mc
bandwidth in the radio spectrum, a range far greater than anything we
have had to receive with the ordinary sound set. The problem must be
met at the television reeeiver in the R.F. and mixer stages, if both arc used;
otherwise, only at the mixer. The response of the tuned receiving circuit
should be uniform throughout the 6-me band and yet be selective enough
to diseriminate against unwanted image frequencies or stations on adjacent
bands. Before the circuits of the R.F. and mixer stages are considered, it
will be helpful to disecuss wide-band tuning circuits.

Ordinary Tuning Circuits. A single coil and capacitor, connccted as
shown in Iig. 3-1A, form a parallel tuning circuit. At or near the resonant
frequency, the variation of impedance which this combination presents is
given by the graph of Fig. 3-1B. At frequencies below the resonant fre-
quency, the parallel combination acts as an inductance with a lagging cur-
rent; above resonance, the effeet is capacitive with a leading current. At
the resonant point, both capacitive and inductance reactances cancel cach
other, the impedance becoming high and wholly resistive.

While Fig. 3-1B shows the general shape of the resonant curve, more
specific information is necessary. Hence, in Fig. 3-2, several resonant
curves have been drawn, cach for a circuit having a different value of Q.
@, which is the ratio of inductive reactance to coil resistance, may be taken
to indicate two things:

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

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

For any given circuit, the greater its @ value, the more sclective will
be the response of the circuit and the greater the voltage developed. While
these factors may be highly desirable, they are only useful if they do not

60
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interfere with reception of radio signals. At the broadcast frequencies,
cach station occupies a bandwidth of 10 ke. Within this region, uniform
response is desirable. However, the sharply peaked curve of Fig. 3-1B
does not produce equal response at all points within this region. The por-
tion of the signal exactly at the resonant frequency, for example, would

F16. 3.1A. A parallel tuning circuit. The response curve for this circuit is shown

in Fig. 3.1B.
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Fic. 3.1B. The response curve for the tuning circuit shown in Fig. 3.1A.

develop a greater voltage across the resonant circuit than those frequencies
at the outer fringe, plus and minus 5 ke away. A coil and capacitor com-
bination having a lower @ would give a more uniform response and might
be chosen over one with a higher value of Q. Less voltage results from
this change but, with the advent of high gain tubes, amplification is not too
serious a problem. The emphasis now can be shifted to fidelity, which is
especially necessary for the reproduction of images in television receivers.

Transformer Coupling. Whereas the simple circuit already described
is sometimes used by itself for tuning, a more common combination is
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shown in Fig. 3-3. Here we have an untuned primary coil inductively
coupled to a tuned secondary. With this form of coupling, additional gain
may result by having more turns in the secondary than in the primary coil.
The stepped-up voltage applied to the grid of the next stage is larger than
that obtained with only the single coil and capacitor by a figure dependent
upon the design of the coils.

RESONANT FREQUENCY"

Y

7_

IMPEDANCE OF CIRCUIT TQ
INCOMING SIGNAL

Fic. 3.3. A common form

«—LOWER FREQUENCY HIGHER FREQUENCY ~—» 9f trgnsf(.)mler-cpllple(! tun-

ing circuit used in radio re-
ceivers.

Fic. 3.2. The variation in the response
curve with different values of Q.

The shape of the response curve of the primary circuit depends to a
great extent upon the degree of coupling between the coils. When the co-
cfficient of coupling k is low (i.e., when the coils are relatively far apart),
the interaction between coils is small. The secondary response curve will
retain the shape shown in Fig. 3-1B.

As the coefficient k is increased, the secondary circuit reflects a larger
impedance into the primary. The primary current is affected more by
variations in the tuning of the secondary capacitor. This, in turn, changes
the manner in which the flux lines cut across the secondary coil and the
end result is a gradual broadening of both primary and secondary response
curves. With very close coupling, the seccondary response curve may con-
tinue to broaden and even develop a slight dip at the center. The dip,
however, will never become too pronounced. It must be remembered that
the discussion, so far, has dealt with coupled circuits where the primary is
untuned. Hence, no matter how close a coupling is effected, the secondary
will retain essentially the same curve shape given in Fig. 3-1.

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

For television reception, none of these preceding combinations provide
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the necessary uniform bandwidth. Loosé coupling produces a curve that is
too sharp and which lacks uniformity over its range. Tight coupling tends
to decrease the voltage of the frequencies near resonance because of the dip.
Between these two extremes we may obtain some semblance of uniform
response about the center point of the curve, but never for a 6-me spread.
However, if a low-valued resistor is shunted across the coil and capacitor,
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F1c. 3.4. Close coupling between two tuning circuits produces this type of response
curve.

we can artificially flatten the curve to receive the necessary 6 me. The
extent of the flat portion of the response curve will depend inversely on
the value of the shunting resistor. The higher the resistor, the smaller the
width of the uniform section of the curve. Hence, what we could not
accomplish with a coil and capacitor alone, we can do with a combination
of these two with resistance.

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

Special Tubes for Television. In commeercial television circuits, re-
sistors having values between 1,500 and 10,000 ohms are shunted across
the tuning circuit to provide the nccessary bandwidth. To compensate
for the signal reduction due to the shunting resistors, pentode tubes having
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large values of mutual conductance were especially designed for television.
At present, the best gain obtainable is about 20 per stage. Compared to
the amplification available with similar tubes at the broadcast frequencies
(several hundred or more), the need for a greater number of stages be-
comes evident.

The reason for the low gain at television frequencies is directly related
to the low-valued shunting resistor that is placed across the tuning circuit.*
A tuning circuit, when connected in the output of a tube, is essentially in
series with the plate resistance of the tube. This is illustrated in Fig. 3-5,

/Platc resistance

Loading
.
resistor

Lloading
“Tresistor

(B)
Fig. 3.5. An amplifier stage (A) and its equivalent circuit (B).

in which the actual schematic and its eclectrical equivalent are shown. At
resonance, the resistance of the tuning circuit itself may be high, but due
to the low shunting resistor, the total value of the combination becomes
low. The plate resistance, on the other hand, is very high (in pentodes),
and most of the output voltage is lost in the tube. Only a small portion
of the total voltage appears across the tuning circuit to be transferred to
the next stage.
Mathematically, the gain of the pentode stage can be expressed closely
by the relation:
Gain =¢,, X Z,,
where g,, = mutual conductance of the tube (in mhos),
Z, = load in output circuit (in ohms).
For a 6AG5 tube, g, is 5,000 micromhos. With a plate load of 2,000
ohms, we obtain
. 5,000
Gain = 1,000,000 x 2,000
= 10.
The 5,000 is divided by 1,000,000 to convert it from micromhos to mhos.

* With frequency increase, the input impedance (between grid and cathode) of a
tube decreases This. too, will load down the attached tuning circuit as surely as a
resistor. More on this later.
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To obtain more amplification per stage, the mutual conductance of the
tube nmmst be increased. g, it will be recalled, represents the change in
plate current caused by a change in grid voltage. To effect an increase
in this ratio, radio engineers designed tubes in which the grid is given
greater control over the space charge near the cathode. This was done by
moving the grid closer to the cathode. Although this caused an increase
in grid-to-cathode capacitance, it increased the mutual conductance even
more. This design is exemplified in tubes like the 6AGS, 6J6, 6AKS, 6CB6,
and 6BC5.
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Fig. 36. A typical television R.F. amplifier.

As an example, the 6AG5 has a mutual conductance of 5,000; the 6AK5
likewise has a g,, of 5,000, and the 6CB6 has a g,, of 6,200. Compare these
values with older R.F. and L.F. pentode voltage amplifiers, like the 63K7,
616, 637, and the 6%J7, which have mutual conductances of 2,000, 1,200,
1,750, and 1,600 micromhos, respeetively. If the gain of the television
stage is computed using these values of mutual conductance, a voltage
amplification much less than 10 is obtained.

R.F. Amplifiers. The typical television R.F. stage, shown in Fig. 3-6,
is very similar to the same stage in amplitude-modulated broadcast re-
ceivers. Its functions are threefold. First, it provides signal amplifica-
tion in a portion of the set where the signal is at its lowest value. In
outlying regions or noisy locations, this extra amplification may be the
deciding factor in whether or not satisfactory reception is obtained. Second,
it provides greater diserimination against signals lying in adjacent bands.
This is especially applicable for image frequencies. A properly designed
R.F. stage will help the signal override any small interferences that are
produced in the tubes themselves. The latter hoost applies only to the first
tube or two where the signal may be comparable to the internal disturh-
ance voltage. In audio systems, the internal tube disturbance is known as



66 TELEVISION SIMPLIFIED

noise. In television receivers, these disturbances are amplified along with
the video signal and, if stronger than the received signal, will appear as
small white spots on the image screen. (These spots are often referred to
as ‘‘snow,” or masking voltages.) Finally, the R.F. amplifier also reduces
local oscillator radiation, which can be quite offensive to neighboring
receivers.

The tube employed in the R.F. stage, besides having a low noise content
and a high mutual conductance value, should also possess a remote cut-off
characteristic.  With remote cut-off properties, the stage does not distort

Next Tube

E Az 3 3

T g 1%
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=

Fic. 3.7. Another R.F. amplifier stage. One tuned circuit is common to the plate
of V, and the grid of V,.

as readily when large input signals are received. Furthermore, automatic
gain control * voltage may be applied to the tube, materially aiding the
amplifier stability and tending to maintain a steady signal output.

Some of the forms that the R.F. stage may assume are shown in the
accompanying diagrams. In Fig. 3-6, transformer coupling is used in the
input and the output circuits of the R.F. amplifier. Each transformer is
loaded down by a shunting resistor so that its response will be fairly uniform
over a 6-mc bandwidth. The resistor value is chosen with an eye toward
keeping the stage gain as high as possible. On the upper VHF channels
(7-13) and throughout the UHF band sufficient loading is usually provided
by the tube itself so that external resistors are not needed.

In Fig. 3-7 we have an arrangement in which a single tuned circuit,
instead of a transformer, is used between the plate of the R.F. amplifier
and the mixer tube. The tuning capacitance shown in each of these dia-
grams might be either a small variable trimmer capacitor or the stray
circuit wiring and tube capacitance always present in the circuit. In the
latter instance, adjustment of the tuned circuit would not be accomplished
by varying the capacitance (since the wiring and tube capacitances are not

* A.G.C. in a television receiver is similar to A.V.C. in a conventional radio receiver.
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adjustable) but by using movable cores within the coil. Thereafter a
selector switch or some other tuning arrangement is used. Although only
one set of coils is shown in some of these diagrams, there would be similar
arrangements for each of the channels.

Fic. 3.8. Two additional interstage coupling networks between the R.F. amplifier
(V,) and the mixer (V',). Either triodes or pentodes may be employed.

There are a number of variations of the coupling network between V,
and V', of Fig. 3-7, two of which are shown in Fig. 3-8. In the first illus-
tration, Fig. 3-8A, the plate load for V' is a resistor. L, is the resonant
circuit between the two tubes and it is placed in the grid circuit of V,.
In Fig. 3-8B, the plate load for V,; is an R.F. choke. It might also be
another resonant circuit. There are as many different approaches as there

are designers, and only those that are more popular can be shown here.

DISTRIBUTED
A ALS 1 CAPACITANCE
7o T
ANTENNA | ro0
it ] GrRIO
T 9 > ¥
P g wEXT
= rvss
ooV
8+

Fi6.39. An R.F. amplifier which combines the response characteristics of grid and
plate tuned circuits to obtain a 6-mc overall spread.

An approach sometimes practiced is to insert an over-coupled trans-
former in the input circuit and a single-peaked circuit in the plate circuit
of the stage. One such eircuit is shown in Fig. 3-9. The primary winding
of T, is untuned and matches the transmission line impedance. The grid
winding is tuned by the grid input capacitance of the tube, plus whatever
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stray capacitance is inevitably present in the circuit. The third winding
contains a small trimmer to permit adjustment, although in some instances
it is nothing more than a one- or two-turn winding which functions as a
link coupling between the input and grid coils. The combination of these
three coils results in a double-peaked response curve (see Fig. 3-10A). In
the plate circuit of the stage, and serving as impedance coupling between
circuits, is a single tuned coil. Its response is single-peaked, as illustrated

f+—s MC—]

-A-

Fic. 3.10. The combination of two tuning circuits to produce a flat-topped overall
response. (A) grid-circuit response; (B) plate-circuit response; (C) overall response.

in Fig. 3-10B. By properly adjusting the peaks of these circuits, we can
achieve an essentially overall flat response of 6 me for the stage (see Fig.
3-10C). (The word “essentially” is used because it seldom occurs that
the R.F. response curve has an absolutely flat top. In practice, up to a
30% dip in the center of the curve is permissible.)

Another method of coupling between stages in order to achieve a broad
bandpass is shown in Fig. 3-11. Here, a small capacitor connects the
primary and secondary windings. The value of this capacitance is low
(10 to 20 puf) and governs the extent of the bandwidth; increasing the
capacitance increases the bandwidth.

In Fig. 3-12, mutual capacitive coupling between R.F. amplifier and
the mixer is achieved in still another way. L, and Ly are two coils which
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are coupled to cach other only through the common capacitance C,. In
other words, their magnetic fields do not interact. Each coil is pre-tuned
to the same frequency by means of a brass slug. (', represents the output
capacitance of the 6AG5 R.F. amplifier plus other circuit capacitances;
('} is the input capacitance of the following 6J6 plus the distributed wiring

capacitance,
| - =lae
‘@ PR/ SEC

Fie. 3.11. One method of increasing the coupling between two tuned circuits to
achieve broad bandpass.
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Fig. 3.12. Mutual capucitive coupling, C,, is used between L and Ly. (See text.)

In this type of tuned circuit, the bandwidth is determined by the degree
of coupling and the Qs of L, and L,. The degree of coupling is controlled
by the value of C',. The smaller this capacitance, the greater the mutual
impedance and the greater the bandwidth. The value of €, is chosen to
provide a bandpass of approximately 6.0 mec. To maintain a constant
bandwidth, (', has a value of 250 uuf on the lower channels and a value of
140 ppf on the higher channels. This compensates for the change in coil
Q’s with frequency. For each channel a new pair of coils is switched into
the circuit.

Another feature of the circuit in Fig, 3-12 is the provision for either
75- or 300-ochm input transmission lines. This is accomplished simply by
using the full primary winding of the input transformer for the 300-ohm
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line and half of the winding for the 75-ohm coaxial line. Inductance of
a coil is proportional to the square of the number of turns. Doubling
the number of turns produces four times the inductance and, at the same
frequency, four times the impedance; 300 ohms is four times 75 ohms.

Push-pull rather than single amplifiers have also been used in the R.F.
section of television receivers. The circuit schematic is shown in Fig. 3-13.
The transmission line from the antenna is fed directly into the grids of a
6J6 push-pull triode amplifier. To match the impedance of the line, two
150-ohm resistors are connected in series to provide the total of 300 ohms.
T, is a center-tapped coil used to prevent low-frequency signals from
reaching the grids of the R.F. amplifier. C, and C, are antenna-isolating
capacitors.

In the plate circuit of the R.F. amplifier, starting with L26 and pro-
gressing down to L1, we have a series of inductances that may be considered
as sections of a quarter-wave transmission line. The switch, as it moves
progressively to the left, brings in more inductances, thus decreasing the
channel frequency. In position 13, only L25 and 126 are in the circuit
and the receiver is set for the highest VHF-TV channel. At position 2,
the set will receive the lowest channel. (Position 1 was for the now obso-
lete Channel 1.) At various points along the line, adjustinents may be
made by changing the position of the tuning slugs. The physical construe-
tion of each of the small inductances, L13 to 126, is a small, fixed silver
strap between the switch contacts. FEach strap is cut long enough to intro-
duce a 6-mec change in frequency. In order to make the transition from
the lowest high-frequency channel, 174-180 mc, to the highest low-frequency
channel, 82-88 mc, adjustable coils L11 and L12 are used. Coils L1 to L10
are more substantial in appearance than coils L13 to L26, being wound in
figure-8 fashion on fingers protruding from the switch assembly.

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

Coupling between the quarter-wave line of the R.F. amplifier and a
similar section in the grid circuit of the mixer tube is twofold: by direct
capacitance connection and by link coupling. The response characteristic
of these R.F. circuits extends the full 6 mc. In addition, a 10,000-ochm
loading resistor is placed across a portion of the mixer tuning circuits to
provide the necessary bandwidth. (In Fig. 3-13 the resistor is effective
only for channels below 9.)

It is interesting to note that triodes are employed in television R.F.
amplifiers as well as pentodes. To the radio serviceman who is accustomed
to pentodes only in these stages, the change will come as a distinet surprise.
The reasons for this switch are important and will be covered in Chapter 4.
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Grounded-Grid Amplifiers. Triode R.F. amplifiers are often employed
in an arrangement known as the grounded-grid amplifier. This type of
amplifier is contrasted with the conventional amplifier in Fig. 3-14. Note
that the grid of the tube is at R.F. ground potential and that the signal is
fed to the cathode. The tube still functions as an amplifier because the
flow of the plate current is controlled by the grid-to-cathode potential.
Instead of varying the grid potential and maintaining the cathode fixed, the
grid is fixed and the cathode potential is varied. The net result is still the
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Fi6. 3.14. A comparison between the grounded-grid (A) and conventional R.F.
amplifier (B).

same. In addition, the grid, being grounded, acts as a shicld between
the input and output circuits, thereby preventing the feedback of energy
which is so essential to the development of oscillations.

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

In General Electric television receivers, the R.F. amplifier employs a
6A U6 high-frequency pentode connected as a grounded-grid triode amplifier.
(Sce Fig. 3-15.) The antenna is connected into the cathode circuit of the
R.F. amplifier. L, is a simple high-pass filter designed to reject all low-
frequency signals, especially those at the intermediate frequency. The
cathode chokes, L, to L, are placed in series with the cathode resistor to
prevent the input impedance from being lowered by the shunting effect of
any stray capacitance to ground due to the cathode of the tube. The choke
value is changed with frequency. R, and C, provide cathode bias.

The R.F. amplifier is coupled to the mixer tube through a wide-band
transformer. One such unit is provided for each channel. The windings
are self-tuned by the distributed and tube capacitances to provide maxi-



WIDE-BAND TUNING CIRCUITS — L.F.

mum gain through a high L/C ratio.

AMPLIFIERS 73

The R.F. coils for each channel are

placed physically near the oscillator coils of the same channel (not shown)
in order that both voltages will combine at the mixer grid.

Vi
R.F. AMPLIFER
6AU6

5{ ]5

VoA
CONVERTER-TELEVISION
/2 7F8

“

3 Ty 13

Fic. 3.15. The grounded-grid R.F. amplifier stage used in G.E. television receivers.

(Note: R.F. coils and switeh points for channels 6 through 12 not shown.)

Coils

T, through T, correspond to channels 6 through 12 and are connected the same
as T,.

In the conventional amplifier,
the incoming signal is applied to the
control grid of the tube. In the
grounded-grid amplifier, it is the
cathode that receives the signal. A
combination ecircuit, in which both
grid and cathode receive portions of
the signal, is shown in Fig. 3-16.
Half of the signal is developed be-
tween point A and ground across
L, and half between point B and
ground. Current flowing in the
cathode circuit flows from the center-
tap of L, to point B and thence
through R, to the cathode. The d-c

potential developed across R, represents the bias for the tube.

300a
AGC.
(OR GND.)
Fic. 3.16. A balanced input eircuit in

which grid and cathode receive portions
of the incoming signal.

In addition,

the bottom end of I, can connect to an A.G.C. voltage for a regulatory bias,
if desired. Otherwise this end of K, can be grounded.
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L, serves the same purpose here as T, did in Fig. 3-13. The input is
balanced and will terminate a 300-ohm twin-lead line.

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

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

For the R.F. input stage, the minimum capacitance is determined by:

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

The total capacitance is equal to
Coon =C,+Cp +C,(1 + Q)

where G is the gain of the stage, usually about 10-20 in these amplifiers.
For the 6AKS, C,, is equal to 4 puf, Cy, amounts to 0.015 ppf, and the
gain of the stage may be taken as 10. The stray capacitance will depend

upon the manner in which the stage is
Regular tuning

condenser wired and may amount to an additional
N 10 puf. The total, or 14.2 uuf, would

\JS _LC“"" then represent the minimum capaci-

3 ‘ T tance of the stage and would have to be
| —l_ [i T considered as an addition to any tuning
c‘,m=’cgk+cs+cg,(1+6)? ;‘zzgfx;l_t;);)l.nsertcd across the coil (see

Fic. 3.17. At the higher frequencies, At the broadcast frequencies (500

the stray wiring and internal tube ca- {4 1 500 ke) in the ordinary home re-

pacitances represent an appreciable . P .
part of the total circuit eapacitance T vol? these tube and wiring capaci-

and hence must be included in all tances are never serious when compared
computations. to the size of the tuning gang employed.
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However, when frequencies as high as 90 to 100 mec are to be received, the
tuning capacitor may be even smaller than these additional capacitances and
they can no longer be disregarded.

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

VWWWWWY

VYV
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Fic. 3.18. By leaving R,, either partially or totally unby-passed, it is possible to
minimize the effect of tube capacitance changes with receiver operation.

the electron current is altered. The effect of the variation, if great enough,
is sufficient to detune the stage. Again, these small items, insignificant in
themselves, may become very influential as the frequency increases and
the size of the coil and capacitor decreases.

It has been discovered that a small amount of negative feedback will
minimize these variations. For this purpose, a portion of the grid-bias
resistor is unby-passed. In doing this, however, the cathode is no longer
directly connected to the capacitor C, and is not at a-c ground potential.
Under these circumstances, the screen capacitor and the suppressor grid
should be tied directly to ground instead of to the cathode itself. A suitable
circuit is given in Fig. 3-18.

We have considered only the minimum capacitance in the input circuit.
A similar line of reasoning may be applied to the plate tuning circuit, where
the total minimum capacitance is composed of the following:

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

The list is short because it has been assumed that the output circuit is
inductively coupled to the next grid. This coupling tends to separate the
input capacitance of the next tube from the plate circuit of the preceding
tube. However, if a direct connection is made to the next tube, the addi-
tional input capacitances must be taken into account.
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From the foregoing brief discussion, it is quite evident that in designing
R.F. television amplifiers of all types, tubes should be selected that have:

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

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

Gm
Cln + Co

This ratio is called the “Figure of Merit” of a tube, and large values are
desirable. It should be noted that both numerator and denominator of
the ratio are important at the high frequencies. At the low frequencies,
the tube capacitances have less importance and only g,, need be considered.

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

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

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

To eliminate the effect of the lead inductance voltage on the input grid
circuit, tube manufacturers have designed tubes with two wires leading
directly from the cathode structure inside the tube to the tube base. In
this manner, one terminal is available for the grid circuit return and one
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for the plate circuit and its current, and the two circuits are divorced from
cach other. In the circuit of Fig. 3-19 the 6AGS5 R.F. amplifier tube
possesses two cathode terminals.  Even though both cathode terminals are
grounded, pin 2 would be connected to the grid coil and capacitor. Pin 7
is the cathode connection for the plate eircuit. To it would be conneeted
the screen-grid and plate by-pass capacitors. The d-c plate current divides
bLetween both cathode terminals, but this is of no consequence since it does
not contribute to the degencrative effect.

6AGS

E NEXT
STAGE

B+

Fic. 3.19. The use of two-cathode wires to eliminate the adverse effect of cathode
inductance.

Servieemen should be cautious, in this respeet, in accepting the connec-
tions of the two cathode terminals as shown on the manufacturer’s schematie
diagram. The diagram is not always an exact representation of the cireuit,
as laid out in the chassis, espeeially with regard to the separate conneetions
of the same cathode. In many schematics, the cathode is grounded, but
the diagram does not indicate that a separation exists as explained for
Fig. 3-19. If anyone who is not familiar with the reason for the separate
cathode terminals connceted them together, receiver sensitivity would de-
crease due to a lower input resistance,

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

QUESTIONS

1. How are wide-band tuning circuits achieved using conventional tuning
circuits?

2. What is the difference in behavior between transformer-coupled tuning
circuits using tuned and untuned primaries?

3. Why is the gain low in television circuits?
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4. What is the usual purpose for including R.F. amplifiers in receivers?
5. Why are R.F. amplifiers especially useful in television receivers?
6. What desirable characteristics should R.F. amplifier tubes possess? Explain
your answers.
7. Tllustrate several types of coupling networks used in television receivers.
8. What is the advantage of using an overcoupled transformer in the input
circuit and a single-peaked tuner in the plate circuit?
9. Explain the operation of the R.F. circuit shown in Fig. 3-13.
10. Draw the circuit of a grounded-grid amplifier. Explain briefly how it
operates.
11. Explain the origin of all the capacitances associated with an R.F. amplifier.
12. Explain the term “Figure of Merit.” Why is it useful?
13. Why is the cathode-lead inductance important in high-frequency tubes?
14. Draw the circuit of an amplifier in which the effect of cathode-lead inductance
is minimized.
15. Explain what effect a narrow frequency response in the R.F. tuned circuits
would have on the reproduced image.
16. What precautions should be noted when constructing an R.F. amplifier for
use in a television receiver?
17. What effect would an inoperative R.F. amplifier tube have on the image?
Explain your answer.




Chapter 4

THE H.F. OSCILLATOR AND MIXER — TV TUNERS

Converters — The Effect of High Frequencies. Present-day sound
superheterodyne receivers obtain the conversion of the radio frequencies to
the intermediate frequencies either at the first or at the second stage, de-
pending upon whether or not an R.F. amplifier is employed. Economically,
the best method of obtaining the conversion is through the use of a single
tube operating both as a mixer and an oscillator. A typical circuit is given
in Fig. 4-1. The desired intermediate frequencies appear in the plate
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Fic. 4.1. A typical low-frequency pentagrid converter stage.

circuit and are inductively transferred by the L.F. transformers to the
appropriate amplifiers. In early sets, separate oscillators were widely
employed; with the development of special tubes of the pentagrid converter
type, however, merely one tube is required now.
The interchangeable use of the words “mixer” and “converter” is common
79
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practice, although there exists a definite technical difference. A tube is a
mixer only when a separate oscillator is used. Its action then merely mixes
or combines the R.F. input signal and the oscillator signal to obtain the
difference frequency, or I.F. A converter combines the action of mixing
and gencrating the oscillator voltage within one envelope.*

With increase in frequency, the stability and output of the oscillator
section of a converter deerease. At the relatively high frequencies required

INCOMING SIGNALS
(R.E)

RE LE SIGNALS
¢ » MIXER |—p
'AMP o ouT
1 - -7 b
1 rd
u rd
COMMON™ — — ~ {3
TUNING RE
CONTROL. 90SC.
FINE TUNING
CONTROL

Fii. 4.2. A block diagram of the front-end section of television receivers.

for television, the conventional converter becomes unsatisfactory. The
oscillator has a tendency to drift, and its output voltage is not constant.
The only suitable method of obtaining sufficient oscillator voltage, without
appreciable frequency drift, is to separate the oscillator from the mixer.
(Sce Fig. 4-2.)

Miniature high-frequency triodes and pentodes appear to find equal
application as mixers in current television receivers. Incoming signals, at
this point in the receiver, are extremely weak, and all extraneous noise must
be prevented from approaching signal strength. Triodes are superior to
pentodes and the latter are superior to pentagrid converters because each
element within a tube introduces a certain amount of noise into the circuit.
In this respect, diodes would be the best tube of all to use, except that it is
felt the additional amplification provided by triodes and pentodes out-
weigh whatever reduction in noise would result from the use of a diode.
For the oscillator, triodes are almost universally used.

Energy from the oscillator may be capacitively or inductively coupled
to the mixer. Two frequently used methods are shown in Fig. 4-3. Inter-
action between the input signal and the oscillator outside the mixer tube is
kept as low as possible, to prevent any changes occurring in the oscillator

*Since the interchangeable use of these two words in industry is extensive, we
will follow the same practice. No confusion should result.
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frequency and to minimize oscillator radiations from appearing at the an-
tenna. The latter tendeney must be especially guarded against in sets that
do not have an R.F. stage ahead of the mixer.

It has been observed that any considerable amount of radiated signal
can produce a complete loss of contrast or even a negative picture in near-by
television reccivers. When the interfering frequency is close to the picture
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Fi6. 43. Coupling energy from the oscillator to the mixer by inductive or capaci-
tive means.

carrier of the station being received by the other sets, the “beat” interference
produces vertical, horizontal, or slanted stripes across the screen.

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

Oscillators. Perhaps the most frequently employed oscillator circuit
in current television receivers is the circuit shown in Fig. 44B. It is known
as the ultraudion and is equivalent in its action to the well-known Colpitts
circuit. (See Fig. 44A.) In the ultraudion, the voltage division across the
tank circuit is accomplished through the grid-to-cathode (C ;) and the plate-
to-cathode (C,,) capacitances within the tube. The feedback voltage which
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sustains oscillations is developed across C,. In Motorola television re-
ceivers, the oscillator stage has the actual form shown in Fig. 4-5A and the
equivalent network indicated in Fig. 4-5B. The voltage-dividing capaci-
tance network consists of the effective capacitance of C,, in series with the
parallel combination of C,, and C,, while C, represents the combination of
the grid-plate capacitance, the distributed capaci-

o gm tance, and C,. C, is a temperature compensating
¥ U — capacitor and helps reduce oscillator drift. In spite
of this, some drift does occur, and C, is provided to

\ - }  permit the set user to adjust the oscillator frequency
Tw for the best sound output. Because C, is actually
a vernier adjustment, it is labeled “fine-tuning con-
trol” and placed on the front panel. Any shift in
oscillator frequency immediately alters the I.F. pro-
duced as a result of the mixing action. The effect
is the same as detuning the receiver. By means of
the “fine-tuning” control, the oscillator frequency
can be readjusted to its proper value. Capacitors
C, and C, keep the d-c plate voltage off the exposed
coils. C, also makes it possible for the oscillator to
. develop grid-leak bias across R,. A separate coil
is brought in for each channel, and each coil can be

U
=

Fic. 44. Circuit dia-

grams show the similari-
ties between the Colpitts
(A) and the ultraudion
(B) oscillators. The cir-
cuit diagram (C) illus-
trates how the ultrau-
dion is usually drawn.

adjusted individually as to frequency. This is nec-
essary because the oscillator frequency must be ac-
curately set for each channel.

Modified Ultraudion. In the Colpitts oscilla-
tor of Fig. 4-4A, it is entirely possible to shift the
placement of the ground connection from the cath-

ode to the plate end of the tank coil without affect-
ing the operation of the oscillator. Now, however, we must provide a dif-
ferent d-c path from the cathode to ground, otherwise the tube electron flow
will be interrupted. For this, we can use an R.F. choke which provides the
necessary d-¢ path but which still maintains the cathode at the required R.F.
potential. The corresponding shift in ground point can be applied to the
ultraudion circuit, and an oscillator of this type is employed in G.E. televi-
sion reccivers. The actual circuit employed is shown in Fig. 4-6.

In sets using continuous tuning, no fine-tuning control is required. Since
the station is tuned in manually, oscillator frequency drift can be compen-
sated for directly by retuning.

Still another variation of the ultraudion circuit is shown in Fig. 4-7.
This differs from the previous circuit in possessing the tuned circuit in its
plate rather than in its grid circuit. Grid-leak bias is developed by the
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30-ppf capacitor across the 6,800-ohm resistor in the grid circuit. Grid
current flows whenever the cathode assumes a potential which is more
negative with respect to ground than the grid voltage present across the
30-ppuf capacitor. Actually, of course, this is the equivalent of driving the
grid positive with respect to the cathode, whereupon the grid draws current.
This action is similar to that in any conventionally connected tube,
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Fic. 4.5. The ultraudion oscillator arrangement (A) and its equivalent circuit (B)
as employed in Motorola receivers.

In the circuit of Fig. 4-7A, the tuning coil
L, remains in the circuit at all times. To
change the resonant frequency of the oscil-
lator, additional capacitors or coils are
placed in parallel with L,. The added comn-
ponents used for different television channels
: are shown in Fig. 4-7B. A testing point is
Fic. 46. The modified ultrau- provided to permit servicement to measure
dion circuit used by G.E. in the oscillator grid-leak bias voltage without

their receivers. actually going into the tuner.

Push-Pull Oscillator. In conjunction
with the push-pull R.F. amplifier of Fig. 3-13, there is used a push-pull os-
cillator and a push-pull mixer. Sce Fig. 4-8A. The channel switch, as it
progressively moves down the line, adds more and more inductance to the
line, effectively lowering the tank frequency. For tuning, brass screws are
placed near the high-frequency tuning straps L,,, L,q, L,g, Ly, L,,, L,,, and
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L., and brass cores are adjusted through coils L,, L,, L, L, L,,, and L,,.
For keeping the two sections of the line as closely balanced as possible, L,,
and L,; are provided.

C, is a fine-tuning control which is connected across the entire tuning
circuit. It provided a frequency variation of approximately plus or minus
300 ke on old channel 1, and this increases to plus or minus 750 ke on
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Fic. 47. (A) Another variation of the ultraudion oscillator. (B) The various
tuning coils and capacitors that are switched into the oscillator eircuit for the dif-
ferent television channels.

channel 13. Coupling between the oscillator and mixer is accomplished by
a single turn of link coupling and by physically placing the oscillator tuning
circuit close to the converter grid tuning circuit.

Oscillator Frequencies. In design, the oscillator frequency is generally
placed above the incoming sound and video frequencies.* By being located
above both signals, the highest I.F. produced will be that of the video signal.
To illustrate, refer to Chapter 1, where it was shown that, in a 6-mc tele-
vision channel, the audio carrier was 4.5 me higher than the video carrier.
TFor channel 2, 54-60 mec, the video carrier would be at 55.25 me. (The
remnants of the other sideband are from 54.00 to 55.25 me, but these are use-
less and rapidly attenuated in the circuits.) From the video carrier, the
picture sidebands extend for 4 me up to 5§9.25 me. The audio carrier would
then be located at 59.75 me.

*This is true in all receivers employing the conventional television system. In
receivers using the Intercarrier system, the oscillator frequency is sometimes placed
above the sound and video frequencies and sometimes below them. Where the
latter is true, the sound and video signals retain the same relative position they had
when broadcast. This does not affect operation of the receiver as long as the video L.F.
system is designed for this condition.
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Fic. 4.8A. Push-pull oscillator and mixer circuits. These are used in conjunction
with the circuit shown in Fig. 3.13.

R.F AMPLIFIER

MIXER .
OSCILLATOR

FINE-TUNING
(OUTER SHAFT)

STATION SELECTOR
(INNER SHAFT)

Fic. 48B. A rotary wafer switch tuner. The circuit of this unit is shown in Figs.
3.13 and 4.8A.
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Now suppose that the oscillator frequency is 81.00 me. In the mixer
tube, the 54- to 60-me signals would combine with the oscillator frequency to
form the following L.F signals:

1. For the video, the L.F. will range from 21.75 mc to 25.75 me. This
is the difference between 81.00 me and 55.25 to 59.25 me. Actually, the LF.
generated will extend to 27 me. However, the vestigial sideband remnants
are from 25.75 me to 27 me and are not desired. The LF. bandpass tuning
circuit eliminates them.

2. For the sound, the LF. will be centered at 21.25 me. F-M is em-
ployed for the audio transmission, resulting in a frequency variation of plus
and minus 25 ke about this center (21.25 me) position.

In Chapter 1, Fig. 1-23B, the standard video transmission characteristic
curve is shown. The remnants of the lower sideband are permitted to re-
main because of the difficulties encountered in attempting to separate the
lower sideband entirely from the upper sideband without affecting the phase
or amplitude characteristics of the desired upper sideband. At the receiver,
the remaining or vestigial lower sideband must be attenuated; otherwise it is
found to produce unequal response at the video detector output. This latter
form of distortion arises because the lower video frequencies are contained in
both the upper sideband and the remnants of the lower sideband. The
higher video frequencies are present only in the upper sideband, having
been eliminated from the lower sideband. If the transmitted signal wave-
form is permitted to remain intact, there would be proportionally more low
video frequency voltage produced at the second detector output than high
video frequency voltage. To prevent this, a receiver response characteristic
such as shown in Fig. 4-9 is employed. At the carrier frequency, the re-
sponse is 50 per cent down, increasing linearly toward the higher frequencies
and decreasing for the lower frequencies. Roughly speaking, the lower
video frequencies, for which there are two sidebands, receive half the amplifi-
cation accorded those higher frequencies for which there is only one sideband.
The overall result is an equal response for both the low and the high video
frequencies.

The characteristic shown in Fig. 4-9 is the response curve of the LF.
system of the receiver. In any superheterodyne, it is the I.F. stages which
mostly determine the selectivity and sensitivity of the receiver.

Indicated, too, in Fig. 4-9 are other frequencies which are attenuated by
means of trap circuits inserted in the various I.F. amplifiers. The reason
for these circuits will be given presently.

R.F. Tuners. Now that R.F. amplifiers, oscillators, and mixers have
been discussed we can turn to modern television tuners and see how these
circuits are combined electrically and mechanically to receive one incoming
signal to the exclusion of all others.
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There are in use today a number of methods by which television stations
are tuned in. All systems initially can be broken down roughly into con-
tinuous tuning or selector switch tuning. In the first method, which is some-
what similar to that used in radio receivers, the dial is rotated until the
station is tuned in. Dial rotation is continuous and you move from station
to station by turning the dial knob clockwise or counterclockwise. With
selector switch tuning, each channel is assigned a fixed and definite set of
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F16. 49. An overall video I.F. response curve.

contacts on the switch. Each position of the switch is numbered; to receive
a desired channel, the switch is rotated until the channel position is reached.
Contact is here made with the tuning circuits of this channel, and any signal
present is received.

Within each of these two categories there are a number of different types
of tuners that have been developed and the more important of these will be
discussed.*

SELEcTOR SwitcH TUNING

Turret Tuner. The turret type of tuner, illustrated by the popular
Standard Coil unit, is shown in Fig. 4-10. The coils for each of the 12 VHF
channels are snapped into position on the rotatable circular drum. Separate
coils are used for cach channel. The antenna coil and the R.F. amplifier
input coil are mounted on one form; the R.F. amplifier output coil, the
oscillator coil, and the mixer input coil are all grouped together on another
form. These two units then constitute the complete set of coils for one
channel. The forms are of the snap-in type and can be removed readily if
necessary. The popularity of this tuner is due to its rugged construction,
freedom from trouble, and good sensitivity.

* UHF tuning methods will be described in Chapter 17.
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A schematic diagram of this tuner is shown in Fig. 4-11. The input
circuit is balanced with an impedance of 300 ohms. This is purposely
designed to mateh the 300-ohm twin-lead line. However, by using one end
terminal and ground, the input impedance beecomes 75 ohms, and a shielded
coaxial cable may be connected to the receiver without mismatch. The

Fic. 4.10. The Standard Coil rotary turret tuner. The two sets of coils for one
channel are shown being inserted.

R.F. amplifier tube may be a 6AG5, a 6CB6, or a 6BC5. These tubes have
similar characteristics and are generally interchangeable, except for the
slightly different pin connections of the 6CB6.

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

The plate load of the R.F. amplifier is L; in-conjunction with C, plus
whatever tube and stray capacitance is present here. R, is again a loading
resistor to widen the bandpass.

The gain of this stage is controlled by an A.G.C. voltage fed to the
control grid of the R.F. amplifier through a 47,000-ohm resistor.
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Signal transfer from the plate of the amplifier to the mixer grid is ac-
complished by inductive coupling between L, and L,. The combination of
R; and R, across L, is not for loading, but rather to provide a testing point
where an oscilloscope can be attached (at test point 9) to observe the re-
sponse pattern of the R.F. amplifier tuned circuits. Also, test point 9 can
be used as an injection point for video L.F. test signals.
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FiG. 4.11. Schematic diagram of the Standard Coil tuner.

R, and Ry, together with (', develop grid-leak bias for the mixer stage.
Trimmer C, is used for R.F. alignment. The output of the mixer stage is
coupled to the first video L.F. amplifier by means of the low-pass network
composed for Cy,, L,,, L,,, and C,,. Capacitor C,, is a d-c blocking ca-
pacitor.

Oscillator coil Ly is inductively coupled to mixer grid coil L, to inject the
oscillator signal into the mixer circuit. Capacitor C,; is in series with the
parallel combination of C4 and C,, to form the split-capacitor of a Colpitts
oscillator. Trimmer C; is an R.F. oscillator adjustment. Variable-dielec-
tric-type capacitor C,, is the fine-tuning control. Grid-leak bias for the
oscillator is developed by R, and C,,. The oscillator plate is shunt-fed by
means of R,. .

L,, and C,; form a parallel resonant circuif tuned to the sound LF. fre-
quency (usually 21.25 me). L,, is inductively coupled to L,, and absorbs a
considerable amount of the sound LF. signal present in L,,. A tap on L,
then provides direct coupling to the first audio L.F. amplifier grid.
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In Intercarrier receivers, L, and (', are not present because in these
sets the sound and video I.F. voltages do not separate until some point
beyond the video second detector.

Zenith also has a turret tuner which is similar to that of the Standard
Coil unit. See Fig. 4-12. Electrically the circuits differ, but the overall
operation is the same,

Printed Circuit Tuner. It was inevitable that some day printed cireuits
would be adapted to television tuners just as they have been applied to other
components in the television receiver. At the present time there is only

|
. |

Courtesy RC,{

Fic. 4.12. The Zenith turret tuner. Fic. 4.13. The printed circuit TV tuner.

one printed circuit tuner in use. This is the turret-type unit which closely
resembles the Standard Coil unit. See Fig. 4-13. However, in place of
wound coils, this tuner possesses circuits obtained by a photoetching process
on copper sheets.

Briefly, the photoeteh process begins with the photographing of a circuit
drawing. A contact print is then made from the negative in a copper-
covered sheet of phenolic plastic which has been sensitized. The print of
the plastic sheet is developed and placed in an ctching solution. The solu-
tion dissolves away that part of the copper not covered by the circuit pattern.
What is left is the copper circuit on the plastic sheet. This sheet is then
placed on a die and cut into separate sections and pierced.

The thin copper strips are formed into individual coil strips for the
various channels. All tuned ecircuits are printed in this manner except the
oscillator coils for channels 2 to 6. These are wound in the normal manner.

A simplified circuit diagram of the tuner is shown in Fig. 4-14. The
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input circuit contains a pair of clevator transformers (L,-L, and Ls-L,)
which match the tuner to a balanced 300-ohm transmission line. They also
tend to attenuate noise which may be introduced in the line. Following
this is a high-pass filter with cut-off at approximately 47 mc and with
maximum attenuation at approximately 23.5 me. This is for rejection of
I.F. frequencies.

A tuned input circuit at the grid of the R.F. amplifier provides gain and
selectivity and reduces oscillator voltages reaching the antenna terminals.
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Fic. 4.14. Simplified schematic diagram of printed-circuit tuner. Components in
dotted boxes are changed with each channel.

The R.F. amplifier is a type 6CB6 tube; its characteristics include high
gain, low noise, and low grid-plate capacitance. The output of the R.F.
amplifier contains a double-tuned bandpass filter with maximum attenuation
at approximately the image frequency of each channcl. The filter also cuts
down voltages of oscillator frequencies at the plate of the R.F. amplifier.
This is additional protection against any oscillator signal reaching the
antenna and interfering with neighboring sets.

The oscillator is a temperature-compensated Colpitts. A fine-tuning
control, adjusted by a shaft extending over the channel sclector shaft,
enables the viewer to make fine changes in the oscillator frequency. For
cach channel there is a separate oscillator screw adjustment which can be
reached from the front of the cabinet.

The mixer plate circuit contains a tuned low-pass filter section for the
video L.F. output and a high-Q trap for the sound LF. output. This trap
is tuned to 21.25 mc and attenuates sound LF. frequencies at the video L.F,
output.

Wafer-Switch Tuner. Another type of selector-switch tuning device is
the wafer-switch tuner.* These units employ rotary switches with the

* Also known as wafer-tier tumers. The word “wafer” refers to the switching

arrangement. whereas the word “tier” indicates that the switch contains several sections
or tiers.
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tuning coils mounted between each set of switch contacts. To accommodate
the different R.F., oscillator, and mixer tuning cireuits, multisection switches
arc employed. Each section would then contain the various coils for one
tuning circuit over the 12 VHF television channels.

The RCA tuner, shown in Fig. 4-8B, was the first type of wafer-switch
tuner to appear on the market after World War II. From the cireuit
diagrams of this unit, Figs. 3-13 and 4-8A, it can be seen that 6J6 double
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INDUCTANCES
FOR HIGH
FREQUENCY
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SWITCH CONTACTS

Fi. 4.15.  An exploded view of the wafer assembly of the tuner shown in Fig. 4.8B.
(Courtesy RCA.)

triodes serve as the R.F. amplificr, local oscillator, and mixer. Push-pull
circuits are used throughout with appropriate tuning cireuits.

The exploded view of the wafer assembly of this tuner in Fig. 4-15
shows how the various low- and high-frequeney inductances are mounted
between the switch contacts. The low-frequency coils have several turns;
the high-frequency inductances are nothing more than small silver straps
between cach set of contacts.

In later models of this tuner, the R.F. amplifier was first changed to a
pentode for greater gain and then more recently to the cascode circuit (to
be described presently). The mixer was made into a pentode and the
oscillator remained a triode. The wafer switching arrangement together
with the series connection of the inductances has been essentially retained.
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Photographs of other wafer-switch tuners are shown in Figs. 4-16 and
4-17. In the G.E. unit, there are two R.F. amplifiers followed by an oscil-
lator and a mixer. The first R.F. amplifier is a grounded-grid triode ampli-
fier (a 6AB4) followed by a 6AKS pentode R.F. amplifier.  In the Sarkes-
Tarzian unit, a 6AKS R.F. amplifier is followed by a 6J6 mixer. The other
half of the 6J6 serves as the oscillator.

|

Courtesy G.E. Courtesy Sarkes-Tarzian

Fig. 4.16. The wafer-switeh tuner of Fic. 4.17. The Sarkes-Tarzian tuner.
G.E.

CoxTtiNvots Tuxixag

Continuous tuning over the twelve television channels has a certain
amount of attraction because not only does it do away with the fine-tuning
control but it also enables the receiver to pick up the FM signals which are
broadcast in the 88-to-108 me band.

A number of continuous tuners have been used.  Of these, the Induc-
tuner shown in Figs. 4-18 and 4-19 has enjoved the greatest popularity.
This unit consists of three separate variable inductances mounted on a
common shaft. The coils, each containing ten turns, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>