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INTRODUCTION

TELEVISION is a fascinating subject and easy to learn. You need
not be a mathematician or college professor; with your knowledge
of electronics you have an excellent background for learning basic
television theory.

As you read through this book, you’ll learn how monochrome
television works. In Chapter 1, you’ll become familiar with the
way the picture is traced on your television screen. Looking behind
the screen, in Chapter 2, you'll examine the inner workings of
the picture tube. Picture and sound controlled by the rf signal
transmitted by the television broadcast station are covered in our
study of the signal makeup in Chapter 3. Our first view of the
receiver circuit, in block-diagram form, appears in Chapter 4.
Chapters 5 through 8 deal principally with circuits that process
the TV signal as it travels from antenna to picture tube. This is
followed by a review —in Chapter 9 in which a comprehensive
diagram gives you a better understanding of the circuits in a typ-
ical television set. Synchronization, sweep, sound and power supply
circuits are discussed in Chapters 10 through 14 while Chapter 15
is devoted to the latest circuits in transistorized portable TV. The
book concludes with a quick summary of the entire subject for
review.

In this book we will consider “electron flow” and “current flow”
as being one and the same thing. We will show it as flowing from
minus to plus because that’s what it does. We think this will make
it as easy as possible to visualize the circuit theory correctly.

To the people who lent assistance and encouragement during
the preparation of this volume, the author would like to express
his gratitude. Our thanks to English expert Margaret Allston who
reunited the split infinitives, and to secretary Lucille Kelly who




‘typed the manuscript with skill and precision. Technical people
who contributed valuable comments and suggestions were Rufus
P. Turner, and the following former co-workers at Autonetics, a
division of the North American Aviation Co.: Charles Woolverton,
H. F. Larsen and Paul De Mint. The comments of colleagues
in the Technical Publications Department of the Hughes Air-
craft Co.: Norman Chalfin and Walter Waldau, are also greatly
appreciated.

Figs. 301 through 303 were suggested by illustrations in the text,
Pulse and Digital Circuits by Millman and Taub, and are used by
permission of the publisher, the McGraw-Hill Book Co. Messrs.
Fowler and Lippert, authors of Television Fundamentals (McGraw-
Hill), permitted use of Fig. 306, adapted from their treatise. Co-
operating firms and manufacturers are: Admiral Corp.; Allen B.
Du Mont Laboratories, Inc.; Allied Artists Pictures Corp.; Ameri-
can Broadcasting Co.; CBS Television Network; General Electric
Co.; Hoffman Electronics Corp.; Magnavox Co.; Merit Coil &
Transformer Co.; Motorola Inc.; National Broadcasting Co.; Philco
Corp.; Radio Corporation of America; Ram Electronics; Raytheon
Co.; Sony Corporation; Stancor Electronics Inc., Standard Kolls-
man Industries Inc.; Sylvania Home Electronics Corp.; Thordar-
son-Meissner Co.; Transistors Unlimited and Zenith Radio Corp.

GEORGE KRraviTZ
Hollywood, Calif.




FORMING THE PICTURE

TURN on your television set.

All right. Have you tuned in a picture? Fine! You're now ready
to learn how a picture is formed on your television screen, and
you’ll be amazed at how easy it is to understand.

Take a close look at your television screen. Notice that the pic-
ture consists of lines? Well, each line has light parts and dark
parts. When you move back to watch the entire screen, the light
and dark parts of all the lines blend together to form a picture.

Questions you’ll probably ask are, “How are the lines formed?”
and “How are parts of each line changed from light to dark?”
Those are good questions because the answers involve an electronic
wonder!

This may seem fantastic, but each line on your screen is traced
by just one tiny spot of light! That’s right! One spot of light,
smaller than the letter “0” on this page, traces every line you see
on your television screen. The spot starts its trip at the top of
your screen. With incredible speed, the spot streaks across the
screen from left to right. (Remember — we are facing the screen
from the outside.) After reaching the right side, the spot darts back
to the left side to trace a new line in your picture. Although just
one lone spot of light traces every line in your television picture,
the spot moves so fast that you see a complete picture; you see all
the lines at the same time!

To help you understand the behavior of the spot on the tele-
vision screen, a man named Charlie agreed to perform a simple
experiment. You can see Charlie shining a flashlight on a wall in
Fig. 101-a. He moves the flashlight beam so fast, from left to right,
that we see a solid streak of light on the wall. You can compare
the line of light on the wall with one line in a television picture.

Expanding the experiment, Charlie is helped by his friend Joe
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in Fig. 101-b. By pulling the flashlight down, as Charlie sweeps
the beam horizontally, Joe helps produce several lines of light, one
under the other.

Of course, Charlie can’t swing his flashlight fast enough to pro-
duce the illusion that many lines are on the wall. But the simple
experiment shown in Fig. 101 helps you visualize the way a spot
of light is swept on your television screen.

Just as a flashlight beam can be moved both sideways and down-
ward at the same time, the spot on your television screen is simul-
taneously moved sideways and downward. Also, just as a flashlight
beam produces a moving spot of light on a wall, an electron beam
inside your picture tube produces the moving spot on your tele-
vision screen.

White, black and shades of gray

As it moves across your television screen, the spot changes in
brightness. For this reason, you see light and dark parts on each
line. Let’s explain.

When a line shows a black area, the spot is shut off. If dark gray
appears on a line, the spot glows dimly. The lighter the shade of
gray, the brighter the spot. When white appears on a line, the spot
1s at full brilliance. Therefore, black, all shades of gray, and white
(on every line) are formed by just one little spot that changes in
brightness.

Let’s review the way a spot traces a picture on your television
screen:

A. The spot appears in the upper left-hand corner of your
screen.

B. The spot streaks across the screen from left to right. In
this way, the first line of the picture is traced.

C. The spot traces all the lines in the picture.

D. The spot changes in brightness. In this way, the picture
is traced.

There are 525 lines in a picture. If the lines were scanned in
sequence (lines 1, 2, 3, 4, etc.), the scanning system would be
called progressive scanning. But progressive scanning is not used.
Instead, interlaced scanning is used. Interlaced scanning, which
involves alternate tracing of all odd lines and all even lines, will
be explained later in this chapter. First, however, you should
learn how a strip of movie film, projected on a screen, shows a
motion picture. When you understand how movies work, you'll
have excellent background knowledge for learning more about
the television picture.
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Fig. 101. The horizontal streak of light on the wall (a) may be compared to
a single line on a television picture tube screen. When the flashlight is pulled
down (b), as it is swept horizontally, several streaks of light are seen.




How movies work

In Fig. 102 you can see a strip of movie film. Notice the series
of still pictures. Each picture is called a frame. In the illustration,
each frame is numbered so that we can refer to specific frames in
this discussion. Now, let’s see how the series of frames produce
the illusion of motion pictures.

When you watch the screen, you see one frame flashed after the
other. For a fraction of a second, you see frame 1. This picture
remains motionless on the screen for an instant. Next, the screen
is blanked out for an instant. During this blanking interval, frame
2 is quickly pulled into place in the projector. Blanking the screen
prevents you from seeing the film move when frame 2 follows
frame 1. When frame 2 is in place in the projector, the screen is
again illuminated and you see frame 2 motionless on the screen.
Then, the process repeats; the screen is blanked during the in-
stant when frame 3 is quickly pulled into place. In this manner,
all frames are projected on the screen in sequence. Frames are
projected at the rate of 24 per second.

Because the screen is blanked when each frame is pulled into
place, the screen illumination flickers on and off. Although you
would see motion, you would also see annoying flicker if a 24-
times per second blanking rate were used. The flicker is eliminated
by increasing the blanking rate. This is done by blanking the
screen an additional time during the projection of each frame.
Thus, the screen is blanked during each film pulldown period and
again during the 1/24th second when the frame appears motion-
less on the screen. As a result, the picture on the screen flickers on
and off 48 times per second. You don'’t see the flicker because your
eyes retain an image for a fraction of a second after the image
is removed. This characteristic of the eye is called persistence of
vision and it enables you to see flickerless motion pictures. Simi-
larly, we make good use of persistence of vision when watching
television because the TV picture also flickers on and off. To pre-
vent flicker in both movies and television, the blanking time must
be sufficiently short and the flicker must occur at a sufficiently
rapid rate.

To summarize, here is what appears on the movie screen:

A. Frame 1, motionless for 1/24 second. The picture is
blanked once during the period it appears on the screen.

B. A blanking interval, during which frame 2 is pulled into
place.
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Fig. 102. Individual frames in a

strip of movie film. Each frame

shows the action slightly
advanced.

(Allied Artists Picture Corp.)

C. Frame 2, motionless for 1/24 second. The picture is
blanked once.

D. A blanking interval, during which frame 3 is pulled into
place.

E. Frame 3, motionless . . . etc.

Note that the film is*moved in a start—stop fashion. You see
each frame in rapid sequence; each frame shows the action slightly
advanced. You get the illusion that you see one moving picture —
actually you see 24 pictures each second.

Interlaced scanning

Let's return to our study of the television picture, now that
you've learned how a sequence of frames, in a motion picture,
gives the illusion of motion.

At the beginning of this chapter, you learned that the television
picture consists of many lines. In this way, the television picture
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is different from the picture projected in a movie theatre. An.
other difference is the fact that a projected movie frame appears
asa complete picture during each instant it is flashed on the screen.
A television picture is traced by a spot of light. Now let’s see how
the lines are traced.
When the spot traces a television picture, it does so in this man-

ner:

A. The spot traces line 1 of the picture.

B. The spot traces line 3.

C. The spot traces line 5.

The spot traces all the odd lines of the picture. When the spot
reaches the bottom of the picture, it has traced 262.5 lines. The

Fig. 103, This is the piciwe traced by the spot
during the odd-line field.
262.5 lines are called one field of the picture. Thus far, we've
talked about the odd-line field.

After the spot traces all the odd lines, the screen is blanked and
the spot is quickly returned to the top of the screen again. The
time during which the spot travels back to the top of the screen
is called the vertical retrace period. The timing of this period is
such that the spot reaches the top center of the screen when it
again traces lines in the picture. But, on this second tracing, the
spot traces

A. Line 2.
B. Line 4.
C. Line 6 . . .etc

The spot traces all 262.5 even lines of the picture. When the
spot completes the tracing of all even lines and is at the bottom of
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the picture, it has traced the even-line field. The screen is then
blanked again, the spot is returned to the top left-hand corner of
the screen, and the tracing repeats. This method of scanning,
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Fig. 104. This is the picture traced by the spot dur-
ing the even-line field.
whereby the odd lines and even lines are alternately traced, 18

called interlaced scanning.
After both the odd-and even-line fields have been scanned, the
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Fig. 105, When combined, the odd and even fields
are called one frame.

spot has given us one frame of the television picture. Note the
use of the word “frame,” borrowed from motion pictures, to indi-
cate one complete picture that appears in a split second. In tele-
vision, two fields (odd line field and even line) make one frame.

In Figs. 103, 104 and 105, you can see how two fields, one traced
after the other, show all the lines of the picture. The odd-line
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field is shown in Fig. 103, and the remaining even lines in Fig.
104. When watching the television screen, you see both fields at
the same time, or one frame, as in Fig. 105. Just a small number
of lines are shown. Fig. 106 illustrates how the lines are interlaced
and retraced.

Why interlaced scanning?

The frame frequency used in television is 30 frames a second.
It was chosen because it is half the standard power-line frequency.
Furthermore, 30 frames per second is more than adequate to pro-
duce the illusion of motion. Now, if each line in the picture were
scanned progressively (lines 1, 2, 3, etc.), pictures could be trans-
mitted at the 30-frame-per-second rate, but flicker would be seen.
If the frame frequency were increased to eliminate flicker, the spot
would have to move much faster to scan the entire picture in a
shorter time period. This would result in the need for greater
bandwidth. To conserve bandwidth while providing good, flicker-
less pictures, the interlaced method of scanning is used. With
interlaced scanning, the screen is blanked 60 times per second to
eliminate flicker. The field frequency, therefore, is 60 fields per
second.

Synchronization of the picture

Each particle of picture information, represented by white, gray
or black, is called a picture element. On your TV screen, each ele-
ment must correspond in position with each element of the pic-
ture produced in the broadcast station. In other words, your pic-
ture must be in step with or synchronized with the one produced
in the station. Later in this text we will tell you how the broad-
cast station transmits pulses to synchronize every line in the pic-
ture, and how every picture element appears in the correct place,
at the correct time, on your television screen.

Active and inactive lines

When you watch television, you don’t see all 525 lines. About
488 lines carry picture information. These are called active lines.
The 37 blanked lines are called inactive lines. Roughly, half the
inactive lines are at the top of the screen; the other half are at
the bottom. Inactive lines exist so that you won't see the line dis-
tortion inherent at the top and bottom of the picture.

The raster
When you turn on your set and have the brightness turned up,
the screen will be illuminated whether a station is tuned in or
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not. The illuminated area is called the raster. When you receive a
station, the spot of light is swept horizontally and vertically in a
definite pattern, and is synchronized by the broadcast station.
When a station is not being received (as would be the case after
signoff time), the spot is swept horizontally and vertically never-

EVEN LINE TRACE
STARTS HERE-

ODD LINE _»
TRACE — [—=
STARTS HERE

END OF EVEN~ END OF ODD
LINE TRACE LINE TRACE

Fig. 106. For simplicity only a small number of the 525 lines are shown
in this basic interlaced scan. The vertical sweep causes the downward
tilt of the horizontal lines.

theless. Circuits within the receiver keep the spot constantly in
motion to distribute energy evenly within the picture tube.

You'll see the term raster used frequently in troubleshooting
charts. When you read the symptom ‘“no raster,” it means that
there is no light on the screen even when the brightness control
is fully turned up.

Aspect ratio

The television picture is 4 units wide by 3 units high. This
ratio is called the aspect ratio. The picture in the studio camera
measures 4 x 3 units; the picture on your television screen should
have a 4 x 3 width-to-height ratio to produce a properly propor-
tioned picture. In most receivers, the sides and corners of the pic-
ture do not appear on the screen to permit,maximum use of the
area on the face of the picture tube. Therefore, it is difficult to
measure the aspect ratio produced by most sets. However, if height,
width and linearity are adjusted when a test pattern is tuned in,
you can receive the correct aspect ratio by adjusting for the best
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test pattern possible. Fig. 107 shows a test pattern. Most sets won'’t
produce a perfect test pattern; you should adjust for a pattern
which resembles Fig. 107 as closely as possible. The wedges in the
test pattern should be as close to equal length as possible; the
circle should be as round as possible.

Fig. 107. Ideal test pattern. Adjust sweep size and linearity for a patiern that most
closely resembles the one shown. Don’t expect perfection.
(CBS Television Network)

More information on frequencies

Earlier, we gave the television frame frequency as 30 frames per
second and the field frequency as 60 fields per second. Because the
spot is pulled down from the top of the screen to the bottom to
trace one field, a spot pulldown force in the receiver operates at
the rate of 60 cps. The energy for this force is produced by a ver-
tical oscillator which generates the 60 pulses-per-second vertical
sweep frequency. The output signal of this oscillator is shaped so
that the spot is pulled down at a linear rate and retraced rapidly
after the spot reaches the bottom of the screen.

The spot is pulled across the screen, from left to right, to trace
one line at the very fast speed of 57.5 microseconds. Because the
spot is retraced in just 6 microseconds, it takes 63.5 microseconds
for a one-line trace and retrace. To sweep the spot sideways, hori-
zontal scanning energy is generated at the rate of 15,750 pulses-
per-second by the horizontal oscillator within the receiver. This
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is the horizontal scanning frequency. As with the vertical oscilla-
tor, the output of the horizontal oscillator is shaped so that the
spot is moved across the screen in linear fashion, and the spot is
retraced rapidly.

The vertical and horizontal oscillators in your receiver are not
precision circuits. Therefore, when a station is not tuned in, the
vertical oscillator operates at approximately 60 pulses a second and
the horizontal oscillator at approximately 15,750, and both oscil-
lators are subject to frequency drift. When you tune to a station,
however, both vertical and horizontal oscillators are synchronized
by the signal and each operates in a very precise manner.

Windup

Obviously, the tiny spot of light gets pushed around quite a bit.
But it’s not pushed in any old way. The spot is pushed so that it
traces lines in an orderly manner. It starts at the top and traces all
odd lines. After tracing each line, it must be shut off and snapped
back to the starting point of the next lower line (retraced). When
it’s through with all the odd lines, the spot is again shut off and
pulled up to the middle of the top of the screen. Now it traces
even lines. Again, after tracing each even line, the spot is shut
off and retraced.

The spot has another job also. It has more to do than merely
trace lines. It changes in strength so that it can trace a picture.
Turn the spot on full blast and you have white. Make the spot
slightly dimmer and you have gray. Shut the spot off, and black
is seen on the screen. This variation in scanning spot intensity is
called modulation. And, in going from white to gray to black, the
spot traces a picture. Its job: to trace each line and to vary in in-
tensity exactly as a spot varies in the camera. The spot on your
TV screen, therefore, must be perfectly synchronized with the
scanning spot in the camera.

This chapter deals with the formation of a picture because most
circuits in a TV receiver exist for the purpose of pushing the spot,
in a controlled manner, and varying its intensity. For this reason,
the device that produces the picture, the picture tube, is our
next topic.
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QUESTIONS

. What type of scanning is used in television?

How many lines are contained in a single picture
field?

How many fields make a frame?

. What is meant by the vertical retrace period?
. How many lines are contained in a single field?
. What is the frame frequency per second?

. What is the field frequency per second?

. What is the total number of lines transmitted?

How many of these lines are active?

How many of these lines are inactive?
What is a raster?

What is the aspect ratio?

What is the frequency of the vertical sweep?
How long does it take to sweep a single line?
What is the retrace time for a single line?
What is the frequency of the horizontal sweep?

What is the word used to describe variations in
scanning-spot intensity?



HOW THE PICTURE TUBE WORKS

ERE's an easy way to learn how the picture tube works.
H Let's imagine we're going to make a picture tube. By talk-
ing about one item at a time as the tube is assembled, its function-
ing will be made clear.

Before starting our imaginary picture-tube assembly, you should
know that there are two types of picture tubes. One type is called
electrostatic; the other type, electromagnetic. In this chapter, we'll
discuss the electromagnetic picture tube because it is the one used
in every popular large-screen television receiver made today. Later
in the chapter, the electrostatic picture tube will be mentioned
briefly. (Electrostatic cathode-ray tubes are used in test instruments
such as the oscilloscope.)

The first thing we need is a glass bulb or tube. Fig. 201-a shows
an empty one. Notice that the sides of the tube form an angle
of 90°. Within the picture tube, an electron beam will be deflected
at this angle. Therefore, the angle is called the deflection angle.
Often, you’'ll hear the tube called by its deflection angle. For ex-
ample, a picture tube with a 90° deflection angle (with its bell
flared at about 90°) is called a “90° picture tube.” A picture tube
with a 110° deflection angle is called a “110° picture tube.” Be-
cause modern picture tubes are rectangular, the deflection angle
is measured from one diagonal edge to the other, as in Fig. 201-h.

Now that we have the glass bulb, let’s add a phosphor coating to
the inside surface of the front of the picture tube. This coating
forms the screen you can see from the front. The phosphor is a
fluorescent material. This means it gives off light when struck by
a stream of electrons.

19
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Fig. 201. Basic picture-tube en-
velope (a), perspective view of a
typical rectangular CRT (b) and
placement of heater-cathode and
fluorescent coating (c).



SECOND OR

HIGH VOLTAGE
ANODE AQUADAG
COATING

HIGH VOLTAGE TERMINAL
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FIRST, OR
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FOCUS COiL

CONTROL
GRID

Fig. 201 (continued). Relation of first and second
anodes (d) and control grid (e) in the basic CRT
bulb.

In the first chapter, you learned that a spot of light on the tele-
vision screen traces all the lines in the picture. The spot is pro-
duced by a narrow beam of electrons within the picture tube. The
beam, a high-velocity, pin-point stream of electrons, strikes the
phosphor screen. Therefore, in our imaginary construction of the
tube, let’s add the elements needed to produce this beam.

The first elements (those which initiate the beam) to be inserted
in the tube are the heater and cathode (Fig. 201-c). When heated
in a vacuum (later, when air is removed from the tube), the nega-
tively charged cathode emits electrons.

To pull the electrons from the cathode, a positive electrode (or
element) is needed near the cathode. This electrode, shown in Fig.
201-d, is called the first anode or accelerating anode. It initiates the
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forming of an electron beam because the positive charge on it
draws electrons from the cathode. But, because we want the
electron beam to hit the phosphor screen, we need another anode
located closer to the screen. Therefore, we next add the second
anode, which is also known as the high-voltage anode. The high-
voltage anode consists of a graphite material coated on the inside
of the flared portion of the picture tube. The graphite material is
called aquadag, and high voltage is applied to it by a high-voltage
terminal. When the high-voltage anode receives voltage (which is
considerably higher than that applied to the accelerating anode),
the electron beam is attracted in the general direction of the
fluorescent (phosphor) screen.

To summarize, here is what we have done so far in our imagi-
nary construction of a picture tube. First, we acquired a glass bulb
with a bell flared at a 90° angle. Next, we added a heater and
cathode to serve as the electron source when air is removed and
voltages are applied. Then, the accelerating anode (to be positively
charged) was included so that it would draw electrons from the
cathode. To attract the electron beam toward the fluorescent
screen, high voltage was applied to the aquadag coating. When the
electron beam hits the fluorescent:phosphor coating, an illumin-
ated spot formed at the point of contact.

Sharpening the spot

Do you think we’ll get a sharp little spot on the screen with the
electrodes included so far? The answer is no. The spot will be big,
sloppy and will have an irregular outline. To form one that is
small, sharp and clear-cut, the electron beam must be focused. And,
this is why we next add the focusing coil. Fig. 201-e shows a
magnetic focusing coil added to the outside of the picture tube. It
is wound with fine wire to form a ring around the neck of the tube.
Passing direct current through the coil forms a steady magnetic
field. This magnetic field, acting upon the electron beam within
the tube, focuses the beam.

If too little or too much current is passed through the coil, the
beam will be out of focus. When you adjust the coil current so
that the proper amount flows through the coil, the beam is fo-
cused so that the spot is tiny and sharp. Of course, you don’t
actually see a spot because it is kept in constant motion. But, when
a focusing coil is used, you adjust the focus control until the
picture is clear. There are other, and easier ways, of focusing but
these will be discussed later when focusing is explained in detail.
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Control of spot brightness

As you learned in Chapter 1, a moving spot traces all the lines
of the television picture. The spot is formed by a beam in the
picture tube. But, to form a black-and-white (monochrome) pic-
ture, the spot must vary in brightness while tracing the lines. The

/CONTROL GRID /CATHODE

HEATER LEADS \
BEAM

—+ BIAS -~

INTENSITY OF
BEAM DETERMINED
8Y NEGATIVE
VOLTAGE ON
CONTROL GRID

Fig. 202. Heater, cathode and control-grid assembly.

electron beam in the picture tube must be made weaker to cause
a dimmer spot to appear on the screen, and stronger for a brighter
spot. In other words, the beam must be varied in intensity. To do
so, we need a control grid, the next electrode to be added (Fig.
201-e).

The term grid, borrowed from electron-tube theory, is some-
what a misnomer. The control grid in a picture tube doesn’t look
like a grid but like a tin can, open at one end, with a hole
punched in the center of the other end. This grid fits right over
the cathode, and electrons emitted by the cathode pass through
the hole if permitted to do so. Fig. 202 shows a cutaway of the
control grid.

Like the control grid in an electron tube, the one in the picture
tube is normally negative with respect to the cathode. When the
control grid is made less negative (with respect to cathode), the
electron beam is made stronger. Therefore, the beam produces a
brighter spot on the screen. When the control grid is made more
negative, the electron beam is weakened and the spot becomes
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dimmer. If the control grid is made sufficiently negative, the
electron beam is shut off. No spot appears under this condition
and the screen shows a black (or blank) area.

How the picture tube works

Actually, the negative charge on the control grid need not be
varied. The same effect can be obtained by maintaining a fixed
negative charge on the control grid and varying the positive charge
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Fig. 203. Physical setup to demonstrate the effect of a magnetic field
on the position of the fluorescent spot generated by the electron beam.

on the cathode. Making the cathode more positive is the same as
making the control grid more negative. In most TV receivers
today, the cathode receives the video signal. This arrangement is
called cathode drive. When the control grid receives the video
signal, it is called control-grid drive.

Electromagnetic deflection

So far, in our imaginary assembly of a picture tube, we've put
these parts in the glass envelope: (1) a heater to heat the cathode;
(2) a cathode to emit electrons; (3) a grid to control electron flow:
(4) an accelerating anode to draw electrons from the cathode and
speed them on their way in the form of an electron beam; (5) a
fluorescent phosphor coating to formn the screen; (6) a high-voltage
anode (aquadag coating) to attract the electron beam so that it
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strikes the fluorescent screen; (7) a magnetic focusing coil around
the neck of the picture tube.

By removing the air from the tube and adding a tube base, our
imaginary assembly of a simple picture tube is completed.

Our next job is to deflect the electron beam. As you learned
earlier, the electron beam in the picture tube is swept sideways.
This process is called horizontal deflection. The electron beam is
also moved downward, slowly, by a process called vertical deflec-
tion. Electromagnetic deflection means that a magnetic field,
created by passing current through electromagnetic deflection
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Fig. 204. Electron beam is drawn in the direction of

the opposing magneltic lines of force.

coils, is used to deflect the electron beam in the picture tube.

Why does a magnetic field deflect a beam of electrons? Here’s a
simple experiment _that will illustrate the principle of magnetic
deflection.

In Fig. 203, a cathode-ray tube (CRT) ol an oscilloscope is
shown removed from its case, but connected by wires to the
scope so that the CRT can be operated. The area above and
below the CRT is clear so that a magnet may be brought near it,
as shown. The oscilloscope is adjusted so that a stationary spot
appears in the center of the screen.

Hold the magnet above the cathode-ray tube, as in Fig. 203-a.
Move the magnet downward. Notice that the beam (spot on the
CRT) is attracted to the magnet. Again holding the magnet above
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the tube, reverse the poles, as in Fig. 203-b. Move the magnet
downward, as before. This time the beam will be repelled.

The reasons for the results of the experiment are shown in
Fig. 204. Magnetic lines of force exist between the North and
South poles. With the beam approaching you, its magnetic lines
of force appear in a clockwise direction. In Fig. 204-a, the lines of
force oppose at the top of the beam and add at the bottom. Be-
cause lines of force cancel at the top of the beam, a thick magnetic
field is created at the bottom of the beam, and a thin one at the

CROSS SECTION OF NECK

OF TUBE WITH BEAM
COMING TOWARD VIEWER

HORIZONTAL
DEFLECTION COIL

VERTICAL
DEFLECTION COIL

THESE LINES OF FORCE
MOVE BEAM UP AND DOWN

VERTICAL
DEFLECTION COIL

THESE LINES OF FORCE
MOVE BEAM SIDE TO SIDE

HORIZONTAL
DEFLECTION COIL

Fig. 205. Descriptive view of the horizonial and vertical
deflection coils and the forces they generate.

top. The beam moves from the thick toward the thin magnetic
field. Therefore, the beam is attracted in Fig. 204-a. The reverse
occurs in Fig. 204-b. A thick magnetic field is developed at the top
of the beam and a thin one at the bottom. Therefore, the beam
is repelled.

A permanent magnet was used in our experiment to demon-
strate the principle of electron-beam attraction or repulsion by a
magnetic field. In electromagnetic deflection, a deflection yoke is
used and the beam is deflected by a changing magnetic field, pro-
duced when the scanning current flows through the deflection
coils in the deflection yoke. To deflect the beam horizontally, hori-
zontal deflection coils are placed above and below the neck of the
picture tube (Fig. 205). As shown in the diagram, the horizontal
deflection coils are series-connected. Also series-connected are the
vertical deflection coils — one to the left and one to the right of the
picture-tube neck.
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Fig. 206. Internal construction of a tvpical deflection yoke.

Compare Fig. 204 with Fig. 205. Notice that the horizontal
deflection coils, although positioned vertically, will produce mag-
netic lines of force that move the beam horizontally. Similarly, the
vertical deflection coils, although positioned horizontally, produce
magnetic lines of force that move the beam vertically. Fig. 205 is
drawn in this form for clarity. Physically, the deflection coils are
contained in a housing called the deflection yoke. The construc-
tion of a deflection yoke is shown in Fig. 206. Typical yokes are
shown in Fig. 207.

Sawtooth deflection current

A sawtooth current is fed through the horizontal deflection coils.
The term sawtooth describes the strength of the current with
respect to time. In other words, the current rises at an even rate,
reaches a peak strength, then drops quickly. The rise and fall
repeats in a pattern that looks like the teeth of a saw. The hori-
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zontal sawtooth current repeats at a very rapid rate. As a result, a
sawtooth magnetic field is produced which causes the beam to be
swept rapidly across the screen, from left to right, and quickly
retraced after each sweep.

At the same time, while the sawtooth magnetic field affects the
beam horizontally, a slower sawtooth current is fed to the vertical
deflection coils. A vertical sawtooth magnetic field is produced,
which moves the beam from the top to the bottom of the screen,
then quickly back to the top again. The effect of both sawtooth
magnetic fields, horizontal and vertical, is the tracing of a 4 to 3
ratio rectangular raster on the screen.

Deflection yoke

Photographs of deflection yokes are shown in Figs. 206 and 207.
The coils (one pair for horizontal deflection and one pair for verti-
cal deflection) have four wires leading from the yoke.

A yoke with a cosine winding, also called an anastigmatic or
full-focus yoke, has nonuniform windings to give better focus at
the edges of the picture. The winding is thin at the front opening
of the yoke and gradually increases in thickness toward the rear.
This type of yoke is commonly used with all wide-angle picture
tubes, where uniform focus is a problem.

Electrostatic deflection

With electrostatic deflection, the beam is deflected through the
use of plates inside the picture tube. Plates lying in a horizontal
plane (above and below the scanning area) are the vertical de-
flecting plates because a varying voltage on them moves the beam
up and down. The negative electron beam is attracted to the posi-
tive plate and is repelled by an opposite charge on the negative
plate. The horizontal deflecting plates are situated vertically; one
plate is at the right of the scanning area, the other is at the left. A
varying voltage on these plates moves the beam from side to side.

With electrostatic deflection, the scanning energy consists of a
changing sawtooth voltage on both sets of plates within the picture
tube. A sawtooth voltage that repeats rapidly is applied to the
horizontal deflection plates. A sawtooth voltage that repeats slowly
is applied to the vertical deflection plates.

Focusing, in general

The electron beam must be focused to produce a sharp spot on
the screen. A poorly focused picture looks blurry; a properly fo-
cused one has raster lines that are clear and sharp.

Basically, there are two focusing methods: one, magnetic focus-
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Fig. 207. Comparison between 90° (a) and 110° (b) deflection yokes.
(Stancor Electronics)

ing; the other, electrostatic. Magnetic focusing includes both a
permanent magnet to produce the needed fixed magnetic field or
a coil through which an adjustable current is passed. The coil is
called on electromagnet. Therefore, when the coil is used, the
process is called electromagnetic focusing.

The focusing field (magnetic or electrostatic) forms an electron
lens. Just as a convex lens bends rays of light so that they converge
at one point, the electron lens bends streams of electrons so that
they come to a sharp point at the fluorescent screen.

Electromagnetic focusing

Magnetic lines of force, which exist between the North and
South poles of a magnet can be made to interact with the lines of
force around a stream of electrons. This interaction is the method
used to deflect an electron beam. With electromagnetic focusing, a
circular coil (ring-shaped, without a core) is slipped over the neck
of the picture tube and positioned behind the yoke (between the
yoke and the base of the picture tube). The amount of current
through the coil determines the strength of the magnetic field
produced.

Fig. 208 shows a focusing coil cut in half so you can see what’s
going on. Notice that the electron streams fan out when they leave
the cathode. If left alone, they would continue to fan out, pro-
ducing a large circle of light on the screen. But, when they move
into the focusing coil’s magnetic field, the electron streams are
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bent so that they converge at the fluorescent screen. If too much
current passes through the coil, the electrons converge too soon,
at a point short of the screen. Then, the electrons spread out to
trace an out-of-focus picture on the screen. Or, if not enough cur-
rent passes through the coil, they will not have converged when
they reach the screen. This, too, results in an out-of-focus picture.
For a sharp picture, the electrons must come to a point right at
the fluorescent screen. To focus the raster with electromagnetic

f LINES OF FORCE BEND
CONTROL GRID ELECTRON STREAMS
INWARD SO THAT THEY
CONVERGE AT THE
SCREEN

r CATHODE

CROSS SECTION OF
FOCUSING COIL

Fig. 208. Focusing by magnelic lines of force.

focusing, turn the control that adjusts current through the focus
coil.

Some beam focusing arrangements employ both a permanent
magnet and an electromagnet. The permanent magnet, ringed
around the electromagnet, provides some of the magnetism needed
to focus the beam, but not enough. The electromagnet is used to
add the additional magnetism required. In other words, the mag-
netism provided by the permanent magnet is a preset rough adjust-
ment, while the electromagnet provides a fine focusing adjustment.
This method permits the use of a smaller focusing coil. Also, line
voltage fluctuations don’t defocus the picture to any serious degree.

If you will compare a modern tv set with an old-style receiver,
you will see that the trend has been to reduce the number of con-
trols on the front of the set. Some of the controls have been ban-
ished to the rear apron of the chassis, while others have been elimi-
nated completely. The focus control has disappeared from many
present-day tv receivers but is still found on some sets and oscillo-
scopes.
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A permanent magnet can also be used for focusing. Such mag-
nets come equipped with one or more slugs which can be moved
in or out of the magnet, thus changing the strength of the mag-
netic field. The slugs are turned until the raster is in sharpest
focus, and then further adjustments are not required.

But whichever method of magnetic focusing is used, the same
basic principle underlies all of them. The steady field of the focus-
ing magnet acts on the electron beam in the tube so that the cross-

EQUIPOTENTIAL LINE
A

L
bood

a8
o

e _POTENTIAL LINE
8

_ 100V
O c+

Fig. 209. Graphic presentation of the potential lines

between two charged plates. Line A is an equipoten-

tial line. Note that line B is a potential line, not
equipotential.

over point of the beam takes place right at the fluorescent screen.

Some tv sets have a pair of corrector magnets' placed on the
deflection coil hardware. These magnets can be adjusted by mov-
ing them in or out or up and down, since they are mounted on
flexible arms. They should be positioned so that the sweep lines
on the screen are sharp and straight.

Electrostatic focusing
An electrostatically-focused picture tube has a focusing electrode

" Also known as anti-pincushioning magnets. they are discussed further on page 39.
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Fig. 210. Electrons cross potential lines at vight angles. The electrostatic lens
(a) compared to the optical lens (b).

(sometimes called a focusing grid) within the tube. Usually, a
low positive voltage is applied to the focusing electrode. When you
vary this low voltage, you change the focus of the picture. In some
picture tubes, the focusing voltage is preset and cannot be
changed. These are called fixed-focus tubes.

Electromagnetic focusing uses the same principle as electro-
magnetic deflection. Electrostatically-focused picture tubes, how-
ever, use a different principle which involves another method of
changing the path of a moving electron. Let’s look at Fig. 209.
In this diagram, one plate has a negative charge, the other positive.
Halfway between them is an imaginary line, A. If it were possible
to measure the voltage between any point on line A and either
charged plate, you would read a potential difference of 50 volts.
Of course, you can’t actually measure this voltage with an ordinary
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nieter, but in Fig. 209, a group ol voltmeters are used to illustrate
the idea.

Because every point on imaginary line A is at equal potential
(voltage) with respect to the plates on either side, it is called an
equipotential line. Although line A represents just one line mid-
way between the charged plates, an infinite number of potential
lines exist between the plates. As shown in Fig. 209, another line,
B, may divide the voltage into a 40-60 ratio.

In Fig. 209, the potential lines are indicated as straight and
parallel to the charged plates. This need not be the case, however.
The size and shape of electrodes involved, the voltages surrounding
the electrodes, and the openings in the electrodes can change the
shape of potential lines. For example, take a look at Fig. 210-a.
Notice that the potential lines are curved. They are deliberately
shaped as shown by tube design engineers. Also, the curve of the
potential lines can be changed by varying the voltage on the focus
electrodes.

An important principle to learn is this: when an electron cuts
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across a potential line, it always does so at a right angle. There-
fore, a bent potential line will bend (or curve) the path of a mov-
ing electron. As shown in Fig. 210-a, this principle is used to bend
the streams of electrons so that the electrons converge at the de-
sired point — the fluorescent screen. Compare this to the focusing
of light rays by a glass convex lens (Fig. 210-b). Unlike the glass
lens, however, the boundaries of the potential lines are not as
sharply defined, because an infinite number of potential lines exist
besides the ones shown in the diagram. Therefore, the bending of
the electron streams occurs very gradually.

The focus electrode under discussion is also called the second
electron lens. You might ask, “Where’s the first electron lens?” It
occurs because of a natural state of affairs between the control
grid and the first anode. Between these electrodes, bent potential
lines exist. When streams of electrons cross these lines, they are
made to converge, then spread out. The second electron lens is the
one that is adjustable (usually) and bends the electron streams so
that a point of convergence (focal point) is reached at the screen.

In some receivers, there is a choice of voltage points to which
the focus electrode can be connected. This is done by a focus
jumper which can connect the focus electrode to any voltage be-
tween 0 and 500 volts. Another method is to use a shunting strap
on the picture tube base. All that this does is to give the viewer a
choice of focus voltages. These techniques are illustrated in Fig.
211.

In summary, the electrons emitted by the cathode converge ini-
tially between the control grid and first anode. Then, the electron
streams spread out. Under the influence of the focus anode, the
electron streams are again bent so that the electrons converge at the
fluorescent screen of the picture tube. Because electrons cross
potential lines at right angles, the shape of the potential lines in
the focus electrode determines the bending of the electron streams.
Most of the focusing action is designed into the tube by selecting
the proper shape of potential lines. However, some adjustment is
provided for varying the positive voltage on the focus electrode.

lon traps

Obviously, the purpose of an ion trap is to trap ions. This natu-
rally leads to two important questions: What is an ion? Why
trap it?

Answering the first question first, we’ll define a negative ion
because this is the type that we're interested in. A negative ion is

34




ION TRAP MAGNET

CATHODE
SECOND ANODE
/—FIRST ANODE/

%&5

KJ ELECTRON BEAM
N

X
[ L a
CONTROL GRID ION BEAM
STRONG MAGNET
FIRST ANODE
WEAK MAGNET
CATHODE—\ &/
7‘\ = ELECTRON BEAM
J / / f\
CONTROL GRID [ION BEAM

Fig. 212. Bent-gun assembly (a) and slashed-field gun (b) with the location
of the ion-trap magnets.

an atom that, somehow, got hold of an extra electron. With the
extra electron spinning around the atom nucleus, the atom takes
on a negative charge.

Although the tube manufacturer does his best to remove all
gases from the tube, it’s a sad fact that just a tiny amount remains.
Unfortunately, some of it becomes negatively ionized. Some nega-
tive ions are also emitted by the cathode.

Because of their negative charge, negative ions try to behave like
electrons. The ions head toward the fluorescent screen. But, ions
are big and heavy. Consequently, a magnetic field (which does a
fine job deflecting electrons) does not disturb the ions. If no
preventive steps are taken, the ions will bang against the center
of the screen to cause an ion burn. This is seen as a brown spot in
the center of the screen.

The need for an ion trap is evident. We want the electrons to
reach the screen but not the ions.
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Ion traps commonly used work on this principle: both the
electron beam and negatively charged ion beam are detoured so
that they are directed — not toward the fluorescent screen — but
oft at an angle to a positive electrode. If nothing further is done,
neither the ions nor the electrons will reach the screen. For proper
operation, however, a permanent magnet is placed over the neck
near the base. The magnet provides a magnetic field which attracts
the electron beam and directs it toward the screen. The ion beam,
because ions are considerably heavier than electrons, is not at-
tracted by the magnetic field of the permanent magnet. Therefore,
the ions continue to head toward the positive electrode, not to-
ward the screen. The electron beam, however, strikes the screen
as it’s supposed to do.

There are two methods for sidetracking the ion beam. One in-
volves the use of a bent gun (Fig. 212-a). Because the gun is
bent, electrons and ions start at an angle. A single magnet, held
on the neck of the tube by a spring, stralghtens the electron beam
(but not the ion beam).

The other method of sidetracking ions uses a slanted gap be-
tween the first and second anodes. This type of electron gun, shown
in Fig. 212-b, is called the straight-gun or slashed-field type of ion
trap. Because there is an appreciable difference in potential
between the first and second anodes (the second anode is consid-
erably more positive), a strong electrostatic field is present between
them. The electrostatic field is also diagonal because there is a
slanted gap between anodes. For this reason, ion and electron
beams are diverted at an angle and both beams move toward the
second anode. As with the bent-gun ion trap, a magnetic field is
able to deflect only the electron beam. A special double mag-
net, consisting of a strong and a weak magnet, is used with the
slashed-field electron gun. The strong magnet, set behind the gap
nearer the tube base, has this effect: The magnet’s field deflects the
electron beam so that the slanted electrostatic field will tend to
direct the electron beam toward the screen. The weaker magnet
further straightens the electron beam, directing the beam toward
the screen. The magnet is called an ion-trap magnet or beam
bender.

Another way ion damage is prevented is through use of a picture
tube with an aluminized screen. This type of tube has a thin
aluminum coating on the rear side (inside the tube) of the fluores-
cent phosphor coating. The aluminum is thin enough to let the
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electrons do their job (of tracing the picture) but ions can’t pene-
trate the aluminum to damage the screen. We should mention,
while we’re on the subject, that an aluminized screen also prevents
undesired reflection of light back into the tube. In fact, a 509,
increase in brightness is obtained with aluminized tubes.

Centering the picture

There are several methods for centering the picture on the
screen. A method commonly used in receivers having a combina-
tion electromagnet and permanent-magnet focusing coil uses a

Fig. 218. Magnetic ring-centering device may be made as part of the
yoke cover (top), attached with springs to secure the yoke by pressure
(left), or by a clip-on accessory (right).

lever that sticks out above the focusing-coil assembly. The lever
can be moved from side to side and locked in place by tightening
a screw. Sliding the lever shifts the permanent magnet’s focusing
field, thereby moving the picture on the screen. In some receivers,
you can move the entire focusing coil or magnet.

Another method of centering involves adjustment of a residual
current through the scanning coil of the yoke. With this method,
the picture can be centered both horizontally and vertically.

A more popular means of centering utilizes magnetic centering
rings. This is shown in Fig. 213. Some receivers use just one ring
with a tab for turning. Turn the ring and you turn the magnetic
field across the ring. This shifts the scanning beam, shifting the
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picture. Most receivers with magnetic-ring centering use two rings,
each of which has a convenient tab sticking out. They are turned
to center the picture horizontally and vertically.

Adjusting the picture centering tabs sometimes upsets the focus.
If this happens, the focus must be readjusted, and then the picture

centering tabs rotated slightly to compensate for any change in
centering.

Deflection sensitivity

One characteristic of a picture tube is its deflection sensitivity.
If a tube has low deflection sensitivity, it takes a lot of deflecting
energy to move the beam a little bit. If a tube has high deflection
sensitivity, it takes a small amount of energy to deflect the beam.
In other words, the easier it is to deflect the beam (in terms of
deflecting energy), the higher the deflection sensitivity.

With electrostatic deflection tubes, we’re concerned with how
much voltage on the deflecting plate is required to move the beam
1 millimeter. Therefore, the deflection sensitivity rating is in
millimeters per volt. With tubes using electromagnetic deflection,
ratings are in millimeters per ampere or per ampere-turn. Deflec-
tion sensitivity may also be given in inches or centimeters per
volt (electrostatic) or per ampere or ampere-turn (electromag-
netic) (all of which may make things slightly confusing). Simply
remember that easy to deflect means high deflection sensitivity,
and vice versa.

Also, the higher the voltage on the second anode, the lower the
deflection sensitivity. This high-voltage condition would call for
greater deflection energy. The wider the deflection angle, the
lower the deflection sensitivity. Therefore, 110° picture tubes have
a lower deflection sensitivity than 90° tubes. Consequently, to
deflect the beam, 110° picture tubes have yokes that dissipate more
power than those used with 90° tubes. (Heavier wire is used in
the construction of 110° yokes to carry the required current.) The
problem of low-deflection sensitivity in 110° models is overcome
through use of narrow-neck tubes.

Phosphors

The inside of the picture-tube screen is coated with a phosphor.
When electrons strike this material, it gives off light. Many phos-
phors are available for cathode-ray-tube screens. Each has a number
which indicates its characteristics; the phosphor used in mono-
chrome television is invariably a P4. This type gives off a white
light of the correct persistence for a monochrome television pic-
ture.
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Tube bases

Don’t be frightened by the high-sounding names given to pic-
ture-tube sockets. If someone tells you a tube has a magnal base,
it means that the base has 11 pins. A bidecal base simply means
that it's a 20-pin type. A diheptal base has 14 pins and a duodecal
base (perhaps the most popular) has 12.

Picture distortion
There are numerous types of distortion to which the picture is
prone, but you should know about a few in particular.

If your picture is shaped like a keystone, the trouble is called
keystoning, for obvious reasons. The picture may be wide at the
top (or side) and taper toward a narrow bottom (or side) or vice
versa. Corrector magnets (discussed earlier because of their effect

Fig. 214. The 110° deflection
CRT has a short, thin neck.

(RCA)

on focusing) are sometimes used to correct this condition, but the
symptom is usually caused by a defective yoke. A shorted winding
will do it. A shorted capacitor across the deflection coil is another
common cause.

If your picture looks like a pincushion, with each side of the
raster sagging toward the center, you are plagued with pincushion
distortion. To pull out each side of the raster so that a rectangle
is formed, the corrector magnets must be adjusted.

Other forms of distortion produced by improper positioning of
the corrector magnets are barreling, in which the sides of the picture
bulge, and poor linearity.
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Safety

If you remove or otherwise handle a picture tube, treat it with
care and respect. Don’t jar or jolt it. And, for heaven’s sake, don't
drop it. Mishandling, of any kind, may cause an implosion. This
means that air pressure will send glass flying in all directions. So,
be careful! Goggles and gloves are good precautionary measures,
too, when removing or installing a picture tube.

Windup
The electromagnetic picture tube, the type used in present-day
TV sets, consists of an envelope with these electrodes: (1) heater,
(2) cathode, (8) control grid, (4) first or accelerating anode, (5)
second or high-voltage anode. The inside of the face of the picture
ANODE,

G3,
G5

H H
ELECTROSTATIC FOCUS MAGNETIC FOCUS
ELECTROMAGNETIC DEFLECTION,I10° ELECTROMAGNETIC DEFLECTION,90°
EXTERNAL CONDUCTIVE COATING (C) EXTERNAL CONDUCTIVE COATING(C)

ANODE

ELECTROSTATIC FOCUS MAGNETIC FOCUS
ELECTROMAGNETIC DEFLECTION,HI0® ELECTROMAGNETIC DEFLECTION,70°
EXTERNAL CONDUCTIVE COATING(C) NO INTERNAL CONDUCTIVE COATING

Fig. 215. CRT base connection diagrams show a more com-
plex internal structure when designed for electrostatic
focusing.

tube is coated with a phosphor that forms the fluorescent screen.
The tube may use electrostatic or electromagnetic focusing or a
combination of both, or a fixed-focus arrangement. Horizontal
and vertical deflection coils, housed in the deflection yoke, receive
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the scanning signals. The coils produce a sawtooth magnetic field
that sweeps the beam horizontally and vertically. To prevent
damage to the screen in the form of an ion burn, an ion trap is
often used. Whether a bent-gun or slashed-field type of electron
gun is used, the ion trap deflects ions so that only the electron beam
reaches the screen. An aluminized screen doesn’t require an ion
trap. WARNING: Because the picture tube is highly evacuated, it
must be handled with care. The 110° deflection tubes, such as the
one in Fig. 214, are used in the “thin” television receivers. See Fig.
215 for the symbols of some picture tubes.

Either the control grid or cathode in the picture tube receives
picture information and the deflection coils receive sweep infor-
mation. You’ll find picture and sweep information in the video
signal that varies in amplitude. You may ask, “How does such a
signal provide all the information needed by the picture tuber”
The answer is in the next chapter.
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12.
13.
14.

QUESTIONS

. What is meant by cathode drive? Control-grid

drive?

- Name the two types of deflection used in sweeping

the cathode-ray beam.

- What is the name of the component that produces

deflection of the cathode-ray beam?

. What type of current waveform flows through the

deflection coils?

What is a cosine winding? What are some other
names applied to this type of winding?

Describe two systems of focusing.

. What is a potential line? An equipotential line?

What is an ion trap? How is it used?

. What is a bent gun? A straight gun?
. What is meant by deflection sensitivity?

. How many pins are there in a bidecal base? In a

diheptal base? In a duodecal base?
What is keystoning? What can cause it?
How could you recognize a condition of barreling?

What is the name given to the conductive coating
on a picture tube?




THE TELEVISION SIGNAL

HAVE you ever wondered how a television receiver can work
so precisely as to produce the picture? Think about it. A
great amount of precision is involved. The scanning beam within
the tube must be perfectly synchronized at all times or you'll get
a distorted picture. You might think that expensive construction
and precision parts would be necessary in the television receiver,
but we know that such is not the case. Here’s the reason.

Precision is essential in television, but the precision is not in
the receiver — it’s in the transmitting equipment. At the television
broadcast station, a precise signal is produced (by some very
fine and expensive equipment). Within the television receiver,
the circuits are slaved to this signal. For example, the 60-cycle
vertical oscillator in the receiver, if left alone, will drift in fre-
quency. But vertical sync pulses in the received signal will control
the vertical oscillator of the receiver. When this vertical oscillator
locks in, its frequency and phase are slaved to the broadcast-station
video signal. Similarly, the horizontal oscillator in the receiver is
slaved to the video signal. The video signal “tells” the horizontal
oscillator in the receiver exactly what to do and when to do 1t.
But, to be more specific, let’s examine the control exerted by the
television signal over the circuits in the receiver. Here is what
the television signal does:

1. Determines when the sweeping spot on your television
screen should get brighter or darker. The spot, varying in
intensity, forms the picture on the screen.
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2. Locks in the frequency and phase of the horizontal oscil-
lator which controls the lateral movement of the spot. The
receiver horizontal oscillator frequency and phase are syn-
chronized with the studio horizontal oscillator (in the tele-
vision broadcast station) that controls scanning within the
camera. This lock-in process is called horizontal synchroniza-
tion.

3. Shuts off the spot after it scans each line during the
period when the spot jumps from the right side of the screen
to the left. This is called horizontal retrace blanking.

4. Locks in the vertical oscillator which controls the pull-
down and vertical retrace of the spot, so that the vertical
oscillator’s frequency and phase are exactly the same as the
vertical sweep frequency and phase within the camera. This
is called vertical synchronization.

Fig. 301. Picture of a simplified TV
\ system showing 13 active lines on
\\ the screen. The two half-lines, 13
\\ and 15, make up one complete ac- -
.\B\ tive line.
%

i

5. Shuts off the spot during the time when it jumps from
the bottom of the screen to the top. This is called vertical
retrace blanking.

6. Causes the horizontal scanning to occur in interlaced
fashion. In other words, the even lines are scanned, then the
odd lines, then the even, etc.

7. Carries the sound that accompanies the picture.

This is asking the television signal to do quite a few different
Jobs, so let’s see how it accomplishes its purpose.

Understanding the video waveform diagram

Ask a television instructor anything about a waveform, and
he’ll immediately draw a diagram. Diagrams are great! They’re
even greater when we fully understand their meaning.

The two most common diagrams used where video signals are
discussed are the carrier and the video waveform. To explain the
meaning of the video waveform diagram, we must answer the
question, “What is a television signal?” No, we don’t want to
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discuss frequency, etc., at this time. Instead, we want to answer
the question by asking you to think of a television signal as energy.
As you know, any form of energy can be varied in strength. For
example, you make light energy stronger by making it brighter
and weaker by making it dimmer. At the theatre, when house-
lights dim, light energy is gradually made weaker. With an ad-
justable electric room heater, when you turn the control up, you
increase heat energy. If the room is too hot, you turn the control
down to decrease heat energy.

Outdoors, temperature (heat energy) varies throughout the
day. Have you ever seen weather bureau charts showing tempera-
ture changes? The chart is simply a record drawn with a pen or
pencil on graph paper. The temperature is shown with respect to
time — usually a 24 hour period. Similarly, when you look at a
video waveform you’'re seeing a written record of how the strength
of radio frequency energy changes with respect to time. The time
period, however, is a fraction of a second.

A great difference between television rf energy and, say, heat,
is that the rf signal changes in strength rapidly; heat does so slowly.
But remember, when you see a diagram of a video waveform, it
shows how strong the television signal is at every instant. A square
pulse means that the signal is strong for the width of the pulse;
then instantly becomes weaker. Other parts of the video waveform
diagram give the same type of information — the strength of rf
energy (or voltage) at every instant.

Simplified scanning

A complex subject can often be made easier to understand by
“inventing” a simplified system. First, learn the simplified system.
Then, when you understand it, learn the practical (but more
complex) one by studying the details and fine points.

Consider a simplified TV system using only 15 lines. We will
need two lines for vertical retrace; therefore, 13 active lines are
seen on the screen. This is shown in Fig. 301. The 12 complete
lines plus the two half-lines make 13 active lines per frame.

In our simplified system, we want to use interlaced scanning.
Therefore, the odd lines are scanned first, then the even lines.
Each field has 614 lines.

In Fig. 302, you can see the first field, first-field vertical retrace,
second field and second-field vertical retrace. In the first field
(Fig. 302-a), the spot appears at the upper left-hand corner of the
screen and is moved from left to right. While moving across the
screen, the spot is also being pulled downward by vertical scanning
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¢ 4
Fig. 302. a. First field—odd lines. b. First field—vertical retrace. c. Second field—even
lines. d. Second field—vertical retrace.

circuits. This accounts for the downward slope.

The dashed lines show horizontal retrace. This is the period
during which the spot is quickly moved to the left side of the
screen so it can scan the next lower line. Because horizontal retrace
is rapid, the dashed lines are not shown as having a downward
slope. You know, of course, that each horizontal retrace line will
be tilted downward, but at a very slight angle. This is so because
a downward force is always present as the spot is being traced and
retraced.

At the bottom of Fig. 302-a, line 13 is traced. But before line 13
can be completed, the vertical sweep period ends and vertical
retrace occurs. For this reason, the second half of line 1% occurs
during vertical retrace (Fig. 302-b). Notice the sharp, upward
angle. The upward tilt is steep because vertical retrace is consider-
ably faster than vertical sweep.

Before you study the rest of Fig. 302, look at Fig. 303. In this
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diagram, you'll see many sawteeth at the top and two large saw-
teeth at the bottom. The sawteeth at the top show the rise and fall
of horizontal sweep energy that pulls the spot across the screen.
This field of energy increases in strength in linear fashion, as
shown by the straight upward slope of the sawteeth. The sharp
downward slope tells you that the spot is quickly retraced.

The large sawtooth wave at the bottom of Fig. 808 shows how
the spot is pulled down while it’s being swept across. The long
slope is the pulldown energy; the sharp slope is the vertical re-

trace, the time when the spot is pulled back to the top of the
screen.

In Fig. 308, note the start of line 1 horizontal sweep. This saw-
tooth wave starts at the same instant the vertical sweep sawtooth
wave begins. Now, look at the center of line 13, horizontal sweep.
At this center point, vertical retrace begins. Although line 13
continues to be swept horizontally, the second half of the line
occurs during vertical retrace. Observe the retrace of line 13,
horizontal sweep, designated as A in Fig. 303. This retrace period
also occurs during vertical retrace and is shown as the dashed line
in Fig. 302-b. In Fig. 303, you can see that line 15 also starts
during the vertical retrace period. This explains the presence of
the start of line 15, tilting sharply upward. When line 15 is half
finished, the vertical retrace period ends. The second half of line
15 is traced during the even-field vertical sweep period, and is
visible in Fig. 302-c.

The ending of the line 12 retrace coincides with the start of the
vertical retrace, after the even field has been scanned. You can see
this in Fig. 303. Line 14 trace and retrace occur during the verti-
cal retrace period that follows the even-line field.

By comparing Figs. 302 and 303, you can see how the precise
timing of the scanning circuits can affect the interlaced scanning
of our simplified system. Because of the half line at the top of the
even field, all even lines are traced at slightly lower points than
the places where odd lines were traced. For this reason, odd and
even lines interlace.

Simplified tv signal

Now that you understand how a spot of light behaves on the
screen in a simple 15-line system, let’s see how the signal controls
the spot.

Something in the television signal must “tell” the spot exactly
when to start each horizontal line and, at the end of a field, when
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to scamper back to the top of the screen and start tracing lines
again.
In the television signal, a train of horizontal synchronizing (ab-
breviated as sync) pulses determines when the spot starts its trace
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Fig. 303. Sawtooth waves across top show rise and fall of horizontal sweep
energy which pulls spot across screen. Sharp, downward slope is retrace.

Large sawteeth (below) show how spot is pulled down while being swept
across screen. (Waveform amplitudes are not drawn to same scale.)

of each line. Long vertical sync pulses determine the exact instant
when the spot is pulled back to the top of the screen to trace the
next field.

Some students find it hard to understand the practical 525-line
TV signal because the vertical pulse is mixed in with the signal.
Therefore, to make our simple signal easier to understand, we
are going to use a separate carrier for the vertical pulse. In Fig.
304, the signal that has horizontal sync pulses and picture informa-
tion is shown across the top. The pulses, regularly spaced and
jutting upward, are the horizontal sync pulses. The spaces between
these pulses convey picture information.

The video wave shown in Fig. 304 is positive-going. The more
positive the signal, the blacker the picture. Conversely, the less
positive the signal, the whiter the picture. When the signal is at
the amplitude point marked “black reference level,” the moving
spot is shut off. This corresponds to our friend, way back in Fig.
101 (Chapter 1) who used a flashlight to trace a line of light on
the wall. If someone sneaked up behind him and turned off the
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flashlight switch, our not-so-bright friend would still be moving
the flashlight back and forth. But the ﬂashllght (compared to our
beam of electrons) would not stop its tracmg action.

The signal shown at the top of Fig. 304 is a voltage waveform.
Suppose we were to send this signal voltage into the cathode of a
picture tube. Making the cathode positive is the same as making
the control grid negative. The black reference level in Fig. 304
is that amount of voltage which will make the control grid just
negative enough to cut off the electron beam. We say that the
screen becomes black. All that this means is that there is no light
on the screen. It isn’t the same black that you get at the bottom
of a coal mine with all the lights turned off.

When the signal becomes even more positive than the black
reference level (as it does when horizontal sync pulses are trans-
mitted), this signal is said to be blacker than black. By making the
sync pulses blacker than black (more positive than any other part
of the signal), we can make circuits in the receiver separate the
sync pulses. We use the horizontal sync pulses to slave the hori-
zontal scanning circuits, controlling both frequency and phase
of the horizontal sweep.

The vertical sync pulse, shown as a separate signal in Fig. 304,
triggers the vertical retrace. After retrace, the vertical sawtooth
wave is created anew. Vertical retrace isn’t triggered exactly at
the start of the vertical pulse, but at some time during the pulse.
During vertical trace, the vertical sweep signal gradually gets
stronger in linear fashion. The stronger the vertical sawtooth
signal, the farther down it pulls the beam. At a point before line
13, the vertical sync pulse appears. The precise timing of this
transmitted pulse is such that vertical retrace is triggered exactly at
the center of line 13. For simplicity, the picture information is
not interrupted in the signal shown at the top of Fig. 304. During
retrace, the picture area transmitted would be lost as the spot
rushes to the top of the screen.

Notice that the horizontal sync pulses are comparatively narrow,
and vertical sync pulses are broad. This is true of the 525-line
system. The horizontal sync circuits in the receiver respond only
to the narrow sync pulses while the vertical sync circuits respond
only to broad vertical sync pulses.

525-line video signal ?

By studying a simplified television signal, you learned how an
amplitude-modulated signal can control scanning. You know that
a spot of light on the screen (produced by a beam within the
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picture tube) can be slaved so that the spot scans in an interlaced
fashion. Now let’s see how the same principles are used in the
525-line video signal — the standard signal used in the United
States.

First, an overall view. Because three frames of a video signal
are shown in Fig. 305, details can’t be seen. The diagram merely
shows that the vertical synchronizing pulse is transmitted for a
short time. The picture information, horizontal blanking and

HORIZONTAL VERT RETRACE VERT RETRACE
S PULSES INTERVAL INTERVAL
o —f L

BLACK —3__
REFERENCE
LEVEL

PICTURE VERT RETRAC 3

INFORMATION TRIGGERING I SYNC PULS "RETRACE
3 ' POINT (ODD FIELD)! A i S | TRIGGERING
! | POINT
VERT : (EVEN FIELD)

SWEEP

Fig. 304. Positive-going video signal (top) contains both picture information and

horizontal sync pulses. Vertical sync pulses (center) trigger vertical retrace. Vertical

sweep sawtooth waves (bottom) trace both fields. (Waveform amplitudes are not
drawn to the same scale.)

sync information are transmitted for a much longer time, followed
by another vertical sync pulse, etc. Because Fig 305 is an overall
view of the signal, you can’t see individual horizontal sync pulses.

Let’s take a closer look at the end of the odd-line field, the
vertical blanking and sync period that follows, and the start of
the even-line field (Fig. 306-a). Fig. 306-b shows the end of the
even-line field, vertical blanking and sync, and the start of a new
odd-line field.

Remember, a waveform diagram shows the strength of energy.
Therefore, Fig. 306 shows when the carrier is weak and when it
is strong. The weakest possible carrier is, of course, zero carrier.
We don’t want the signal reduced to zero, even momentarily,
because this would cause distortion and an instantaneous off-the-
air condition. Consequently, the whitest signal has been set at
15% of full carrier strength. This means that the signal is 15%
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Fig. 305. The composite TV signal (not drawn to scale).

of maximum when you see the whitest part of a picture on the
screen. When the signal is at 75% of full strength, the spot is shut
off and the screen is blank (black). Thus, 75% carrier represents
the blanking or black reference level.

In studying the video waveform, let us first consider the timing
information and, second, picture information. To begin, let’s
examine the timing pulses: (1) horizontal sync, (2) vertical sync
and (3) equalizing pulses.

Timing information in the video waveform

The timing information in the video carrier consists of hori-
zontal sync, vertical sync and a means of producing interlace.

So that your picture will always be synchronized, the receiver
must be constantly supplied with a precise 15,750-pulse-per-second
(pps) frequency. When the picture is transmitted, horizontal sync
pulses occur regularly in the blacker-than-black region of the
carrier. The last four picture-information lines of the odd-line
field are shown in Fig. 306-a. Note the evenly spaced horizontal
sync pulses. Following the horizontal sync pulses are six equal-
izing pulses. The purpose of these pulses will be explained later.
but their frequency is worth mentioning now. Equalizing pulses
occur at twice the horizontal scanning frequency (31,500 pps). The
fact that the horizontal scanning frequency is momentarily doubled
does not affect horizontal synchronization. The 15,750-pps effect
continues, and horizontal synchronization is maintained.

Following the equalizing pulses is the vertical sync pulse. You
should think of this pulse as one long pulse, but notched at twice
the 15,750-pps rate. The notches (more commonly called serra-
tions) serve to maintain the ever-present 15,750-pps frequency
needed by the horizontal sync circuits. Accordingly, the vertical
pulse is called a serrated vertical sync pulse.




Following the serrated vertical sync pulse, you'll find six more
equalizing pulses. As with the pulses that come before the ser-
rated vertical sync pulse, the equalizing pulses that follow con-
tinue to provide horizontal synchronization. Following the equal-
izing pulses are a train of horizontal sync pulses for the inactive
lines of the picture. Blanked-out inactive lines at the top of the
picture enable the beam to reach the correct speed before picture
information is presented, so you see a distortion-free picture.

The time taken by one complete horizontal sweep cycle (from
leading edge of one horizontal pulse to the leading edge of the
next) is 63.5 microseconds. But nobody wants to keep saying “63.5
microseconds”, so the letter H is generally used to indicate the
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Fig. 306. Actual signal with vertical and horizontal sync, pulses mixed together.

same (63.5-usec) interval. Thus, in Fig. 306, 3H means an interval
three times as long as H. Obviously, when you see 0.5H written on
a diagram, you know that it means an interval half as long as H.

The vertical pulses are precisely timed by precision electronic
equipment at the broadcast station. The timing of vertical sync
pulses-with respect to the number of lines (525) that comprise a
picture results in interlaced scanning. This statement requires
explanation, so let’s discuss the process.

First, a short review is in order. Fig. 304 shows the vertical sync
pulses as being independent of the horizontal sync pulses. (We'll
ignore the picture information for the time being). Horizontal
sync pulses repeat at a rapid rate while vertical sync pulses repeat
at a much slower one. You might think of the relationship be-
tween horizontal and vertical sync pulses by imagining that you
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have a fast-ticking wrist watch and a slow-ticking old-fashioned
grandfather’s clock. While the pendulum of the grandfather’s clock
swings back and forth slowly, the wrist watch ticks rapidly. Com-
pare the rapid ticking of the wrist watch to the rapid horizontal
pulses and the slow ticking of the grandfather’s clock to the
slower vertical pulses. With this analogy in mind, remember that
the exact instant when the grandfather’s clock ticks, with respect
to each tick of the wrist watch, is very important.

In Fig. 304, note how important the exact timing of the vertical
sync pulse is with respect to the exact timing of the horizontal
sync pulse. The vertical retrace of the odd field must be triggered
exactly in the center of line 13. The frequencies of horizontal and
vertical sync pulses result in the triggering of the vertical retrace
at the end of the even field exactly at the end of line 12 retrace.
Now, let’s return to Fig. 306 which shows the actual signal with
vertical sync pulses mixed in with the horizontal sync pulses. The
effect is the same as shown in the simplified signal explanation and
illustration.

The exact timing of the vertical pulse at the end of the odd-line
field causes the following: the beam is retraced vertically so that
it starts the even-line trace at the top center of the raster. Because
of this starting point, each even line will be slightly lower than
were the odd lines. Even lines will fit between the odd lines.
Through correct timing of the vertical sync pulse that follows the
even-line field, the beam is retraced vertically so that it starts the
next odd-line field at the top left-hand corner of the raster. The
timing of vertical pulses, with respect to horizontal sync informa-
tion, results in interlace. However, additional pulses must be
added to the video signal for correct interlace. These are the
equalizing pulses.

Equalizing pulses

You might think that the serrated vertical sync pulse could
appear just as soon as the last line of the picture finished. Not so.
If this were done, the vertical sync circuits would not trigger
properly for this reason: the voltage provided by the serrated
vertical sync pulse is used to charge a capacitor. Because of a half-
line difference between each succeeding field, the charging of the
capacitor would not be the same for each field. For example, where
there is a half line between the last horizontal sync pulse and
vertical sync pulse, the capacitor would have more of a charge
than when full-line spacing separated the horizontal sync and
serrated vertical sync pulses. For this reason, a buffer time interval,

53




during which six equalizing pulses are transmitted, is used. Both
conditions, for charge of the capacitor before the serrated vertical
sync pulse and discharge after the serrated vertical sync pulse are
used, to equalize the capacitor charge. This nullifies the effect of
the half-line discrepancy between fields. In this way, the serrated
vertical sync pulse triggers at the correct instant, and proper inter-
lace results.

Horizontal sync pulses

During a moment of jocularity and good cheer, someone gave
the name front porch to the interval before the horizontal sync
pulse which sits on the blanking pedestal. Carrying the merriment
a bit farther, someone dubbed the interval after the horizontal
sync pulse the back porch. You can see both porches in Fig. 307.

The front porch enables the sync pulse to be independent of
the blanking pulse. This is desirable because the timing of blank-
ing pulses is affected, very slightly, by the brightness of the picture
when a blanking pulse appears. If the picture is white when a
blanking pulse appears, the blanking pulse reaches the blanking
(black reference) level slightly later than would be the case if a
black signal came before the blanking pulse. This is caused by
the rise time of the blanking pulse. If this pulse starts from a low
(white) level, it takes a little time for the blanking level to be
reached. Therefore, the blanking pulse will exhibit a slight tile. If
the horizontal sync pulse were to start at the same time as the
blanking pulse, it too would be subject to a slight lag. If the blank-
ing pulse started when black information appeared on the video
signal, there would be no rise-time problem. For this reason, a
1.27 psec (0.2H) front porch is used. Thus, the precision timing of
horizontal sync pulses is maintained.

The back porch is a good deal more spacious. After the hori-
zontal sync pulse has done its work, the back porch keeps the
screen blanked for 3.8 psec (0.06H) during horizontal retrace.

Picture information in the video waveform

Fig. 307-a is the video waveform as it appears on the air. Notice
that the lower half of the wave is a mirror image of the upper
half. The video signal fed to the picture tube, however, varies in
one direction only. This type of signal, a negative-going wave, is
shown in Fig. 307-b.

In Fig. 307-b, the separation between the blanking pulses is
shown as an uneven line. This is the picture information which
will invariably be uneven in appearance because white, black and
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many shades of gray can appear on one line of picture information.
If you’ll take a close look at one line of a picture on your tele-
vision screen, you'll notice that, while some lines may be mostly
black and some lines almost all white during a given instant, the
majority of lines vary in intensity throughout their length. In
Flg 307-b, the line starts with dark gray, becomes white, gradually
increases in gray tone, then becomes black, dark gray and white
at the end of the line. The blanking pedestal is, of course, black,
and the horizontal sync pulse appears in the blacker-than-black
region.

Understanding the carrier diagram

Do you find television carrier diagrams confusing? If so, you're
not alone. Many students don’t understand the meaning of dia-
grams such as Fig. 308. For this reason, we’ll try a different method
of explanation to help you understand what the diagram says.

First of all, let’s discuss the radio broadcast carrier because we're
all familiar with the small radio. We can take advantage of this
familiarity to learn the nature of the television carrier.

When you tune your radio set, you receive a radio frequency
(rf) carrier. The carrier takes a certain amount of room on the
dial. For example, suppose you tune in a station at 1,000 on the
dial. The station doesn’t lock in when the dial pointer hits one
tiny pinpoint on the dial. Rather, the station can be heard,
weakly, as the dial pointer approaches the 1,000 mark. You tune
until the station is loud and clear. In other words, the station has
some broadness; it occupies a little space above and below 1,000.

Carrier, amplitude modulation and sideband formation

Now, let’s relate the broadcast band to the television band.
Although an AM station has some broadness, it is a very sharp
signal compared to a TV signal. Remember, many stations fit on
your AM broadcast dial. Now, Fig. 308 shows only one channel in
the TV frequency spectrum. Notice how much room the TV
station occupies on the “dial.” We use quotation marks because
you don’t actually have a dial to tune on your TV set, with refer-
ence lo any single channel. When you switch to a channel, you
tune in the entire frequency band covered by the channel at the
same time. (You switch to a different broad band when you switch
channels.) However, if you think of the base line in Fig. 308 as
being like a dial (similar to your AM broadcast dial), you can
better understand the way the base line indicates a segment of the
TV frequency spectrum. The curve shows the signal strength over
the frequency range (band) covered by the channel.
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When the broadcast station is listed as having a frequency of
1,000 k¢, it means that the voltage induced in your antenna flows
back and forth 1,000,000 times a second. (The abbreviation kc
means 1,000 cycles!. Therefore, 1,000 kc is equal to 1,000,000
cycles. Before a radio station begins its day of broadcasting, you’ll
hear a rushing sound when your radio is tuned to the station. This
sound is caused by the carrier which is unmodulated. Modulation
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Fig. 307. (a) Video signal as it appears on the air. Bottom

half of wave mirrors top half. (b) Detected video signal.

Uneven line between blanking and sync pulses is picture

information. Line of picture information shows changes
in intensity from beginning to end.

refers to the superimposing of sound on the broadcast carrier.
When the carrier is amplitude-modulated, it changes in strength
according to the modulating sound. What does this mean? Simply
! Whenever the word cycle or the abbreviations ke or mc are used, a time period of

one second is understood. Thus, kc means kilocycles per second. Mc refers to mega-

cycles per second. An audio frequency of 1,000 cycles means that this many cycles are
produced every second.
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this: if the carrier is modulated by a 1,000-cycle tone, it gets
weaker and stronger 1,000 times a second. (Instead of “times” a
second, “cycles’ are used).

Don’t confuse the modulating frequency of 1,000 cycles with
the carrier frequency of 1,000,000 cycles. The 1,000 cycles is an
audio trequency while the 1,000,000 cycles (or 1,000 k¢) is a radio
frequency. Remember this when you read information dealing
with this subject because both frequencies are mentioned often. In
television, too, we have the carrier frequency (in millions of cycles)
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Fig. 308. Diagram of television carrier. Total band space
for picture and sound is 6 mec.

(megacyclesy modulated by video information with frequencies
up to 4 megacycles.

Let’s return to the subject of the radio broadcast carrier. The
broadness of the modulated carrier is also called its bandwidth. If
the station occupies a little room on the dial, it transmits a signal
that has a narrow bandwidth. Most AM broadcast stations are
restricted by law to a bandwidth of 10 k¢, because many stations
must occupy the standard AM broadcast band.

To understand how the carrier develops width, assume that a
1,000-cycle tone is broadcast on the 1,000,000-cycle carrier.

When the 1,000-cycle tone amplitude-modulates the carrier,
causing the carrier height to vary 1,000 times a second, the tonc
also does something else. It produces two new frequencies. These
are the sum and the difference of the modulating frequency
(1,000 cps) and the carrier frequency (1,000,000 cps). Conse-
quently, in addition to the 1,000,000-cycle carrier, both 1,001,000
cps and 999,000 cps will be present. For this reason, the broadcast
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station will occupy more room on the dial. The signal, in other
words, will be broader. Fig. 309 shows the points where sidebands
appear. Suppose we modulate the carrier with a 2,000-cycle tone.
The new frequencies produced will be 1,002,000 cps and 998,000
cps, because these are the sum and difference frequencies. The
signal, therefore, will be still broader. As you can see, the higher
the modulating frequency, the broader the bandwidth.

The new higher frequency produced by the modulating tre-
quency (2,000 cps in the example just given) is called the upper
sideband (1,002,000 cps). The new lower frequency produced by
the modulating frequency is called the lower sideband (998,000

Cps).

|_TOTAL BAND WIDTH |

r‘f 1
{KC—><—IKC
Fig. 309. I-mc carrier amplitude-modulal-
ed by a 1,000-cycle tone. Illustration shows
points where upper and lower sidebands
appear. Al T T
999 KC IMC .00t MC
LOWER UPPER
SIDEBAND SIDEBAND

A standard AM broadcast station transmits both upper and
lower sidebands. The sidebands convey intelligence. We don’t
need both sidebands; either sideband, plus the carrier, can be used
to carry all picture and sound information. Because we want to
conserve television band space, we want to get rid of the lower
sideband. We would like to suppress all of it, but this is difficult,
so almost all of the lower sideband is suppressed while all of the
upper sideband is transmitted. Because we transmit just a little
bit or a vestige of the lower sideband, the system is called vestigial
sideband transmission. The vestigial sideband is about 0.75 mega-
cycles wide.

The finer the picture detail, the higher the frequencies that
modulate the video carrier. For you to see a sufficiently detailed
picture, the bandwidth required is 4 megacycles. But, because you
also want to hear the sound, the total band space for picture and
sound is 6 megacycles.

Now let’s get back to Fig. 308. Think of the horizontal base
line as a dial on some sort of high-frequency radio. The 55.25-mc
point is the spot on the dial where you'll find the picture carrier.
The 4-megacycle area covers a wide area on the dial. At the 59.75
point on the dial, you receive another signal. This is the fre-
quency-modulated sound.
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Frequency modulation

In Chapter 13, the subject of sound and frequency modulation
will be discussed in detail. At this time, however, a quick run-
through is in order because the television signal includes a sound
signal too.

To convey audio, the sound portion of the television carrier is
varied in frequency above and below a center frequency. The
carrier frequency is varied so that it follows the sound pattern
with respect to audio frequency and audio waveshape. Loudness
of sound is conveyed by the amount of carrier-frequency swing.
The louder the sound, the greater the carrier-frequency deviation
either side of the center frequency.

You know how a picture is formed, how the picture tube works,
and how the video carrier conveys the information to be sent to
the picture tube. Now, let’s look at the marvelous electronic instru-
ment that changes the rf signal into a picture with sound — the
television receiver.
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QUESTIONS

. What is meant by horizontal retrace blanking?

Vertical retrace blanking?

. Explain black reference level. What is meant by

blacker than black?

. What is a front porch? A back porch?
. What is the equalizing pulse frequency?
. Why are vertical pulses referred to as serrated?

What is the time interval represented by the letter
H?

7. Describe the process of amplitude modulation.

12.
13.
14.
15.

. What is the difference between a modulating fre-

quency and a carrier frequency?

. What is meant by bandwidth?
10.
1.

How are sidebands produced?

What type of modulation is used for the picture?
For sound?

Why is horizontal synchronization needed?

Why is vertical synchronization needed?

How do we obtain interlaced scanning?

What is a positive-going signal? A negative-going
signal?



THE TELEVISION RECEIVER

THE best way to study the television receiver is to start with a
block diagram. In this chapter, we'll begin with a very sim-
plified one. Then, when you and the receiver have a nodding
acquaintance, we’ll go into a detailed block diagram of a com-
mercial receiver chassis.

Remember, the block diagram discussions (simplified and de-
tailed) serve only as a general introduction to television receiver
theory. Later, when you study circuits and detailed theory, you’ll
gain a more complete understanding of television receiver opera-
tion.

Split-sound and intercarrier receivers

The television signal is picked up by the antenna and fed into
the receiver. Among the circuits that handle the signal are a
series of amplifiers. Originally, it was thought that the sound
signal had to be separated from the picture signal rather early in
the signal-amplification process; therefore, each was processed
through a separate section of the receiver. The sound portion of
the signal was removed in the tuner or a stage later. This split-
sound receiver has been replaced by the more efficient and econom-
ical intercarrier-type receiver.

In the intercarrier receiver, the type being made by all major
manufacturers today, both the sound and picture signals are
amplified in the video if section. In the detector, the sound signal
is separated from the video signal. The sound signal is removed
(tapped off) either in the detector or in the video output stage.
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The intercarrier receiver, in addition to being more economical
to make than the splitsound type (it uses less tubes), provides an
advantage in much simpler tuning of picture and sound.

Simplified block diagram
First, let’s look at the simplified block diagram in Fig. 401.
We can consider the television signal as carrying three types of
information: picture, sync and sound.
2

SOUND IF,DET
8 AUDIO SPKR
‘ OUTPUT

TUNER
3
VIDEO IF, DET
& AMPL
TO ALL
RRute SYNC& | _ | HIGH
4 SWEEP VOLTAGE
Low
VOLTAGE

Fig. 401. Simplified block diagram of an intercarrier tele-
vision receiver.

All three signals must be amplified, separated from each other
and sent to their destinations. For example, the picture informa-
tion in the video signal, after being sufficiently amplified, is fed to
the picture tube to control the intensity of the scanning beam, the
sync signal to circuits that control beam deflection, and the sound
signal to the speaker.

For convenience, we’ve numbered the blocks in the diagram.
The antenna picks up all the television broadcasts in the area, and
the tuner (block 1) selects the desired signal. The television signal,
which still contains all three types of information, is passed along
to block 8. Within block 3, after the signal has been considerably
amplified, a sampling of it is fed to block 5. Block 5 removes the
sync pulses and processes them so that they control the horizontal
and vertical sweep of the beam in the picture tube. A byproduct of
the sync (sweep) signal is the high voltage (block 6) fed to the
picture tube.

In block 3, the frequency-modulated sound signal is removed
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and sent to block 2. This FM signal is processed so that the sound,
which accompanies the picture, is detected and made strong
enough to operate the speaker.

Low voltage, from block 4, is connected to almost every tube in
the receiver.

Detailed block diagram of an intercarrier receiver

Now we can examine the detailed block diagram of a television
receiver (see Fig. 402). Let’s follow the signal through the TV set
and discuss the circuit functions.

A vhf (very-high-frequency) antenna is constructed to pick up
channels 2 through 13. All the channels are simultaneously picked
up by the antenna and fed through a transmission line into the rf
tuner. You can select the desired channel by turning a channel
selector located in the tuner. Your chosen signal is amplified by
the rf amplifier and fed to a mixer tube.

When you rotate your channelselector knob, you do two
things: you select coils that tune to the desired channel, and you
select an oscillator frequency that beats with the incoming channel
frequency. As a result, the tuner produces an intermediate fre-
quency (if). The if is always the same, no matter which channel
is chosen. A manufacturer can pick any one of a number of inter-
mediate frequencies when he designs a set, but in recent years the
following have become standardized:

Picture if: 45.75 mc

Sound if: 41.25 mc
Throughout this book, these frequencies will be used whenever
the subject of video if is discussed.

Both picture and sound are amplified by the first, second and
third video if stages. Both are sent to the video detector, which
has a double function:

First, it changes the symmetrical rf signal to dc that varies in
one direction. If you'll check back to Fig. 307, you'll see this
illustrated. Fig. 307-a shows the signal as it exists either on the
air or in if form; Fig. 307-b shows a negative-going detected signal.

Second, in the video detector, the picture carrier if (45.75 mc)
beats with the sound carrier if (41.25 mc) to produce a 4.5-mc
difference frequency. This is the intercarrier sound if.

From the video detector the picture signal travels to the picture
tube via a video amplifier. At the plate of the video amplifier, the
4.5-mc sound signal is trapped and fed to the sound section. The
4.5-mc sound if is amplified, demodulated by a ratio detector,
amplified, and is finally sent through the audio output stage to the
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speaker. The other signals, shown as flowing here and there in
the block diagram, function in a slightly more complex manner.

Sync, sweep, agc and power supply

Continuing our study of the detailed block diagram (Fig 402),
we see that the sync clipper receives a signal from the video am-
plifier. The sync clipper separates both the horizontal and vertical
pulses from the video signal.

Horizontal pulses control the sweep of the beam across the
picture tube. The circuit that produces the horizontal frequency
of 15,750 pulses per second is the horizontal oscillator. The hori-
zontal output tube amplifies the pulses. The frequency and phase
of the horizontal oscillator is controlled by the phase detector.
Therefore, these three circuits — the phase detector, horizontal
oscillator and horizontal output — are involved in producing a
synchronized horizontal sweep signal. The automatic frequency
control (afc) feedback loop, from the horizontal output, supplies
a comparison horizontal pulse signal back to the phase detector.
The phase detector compares the sync clipper horizontal pulse
signal with the feedback signal from the horizontal output stage.
If the horizontal oscillator is at the correct frequency and phase,
the phase detector doesn’t bother the horizontal oscillator; it has
no voltage for it. But if the horizontal oscillator drifts off fre-
quency and phase, the phase detector senses this immediately and
produces a voltage which corrects the drift. Thus, by comparing
the horizontal pulse signal from the sync clipper with the pulses
fed back from the horizontal output stage, horizontal scanning
is synchronized. ‘

Vertical pulses control the vertical movement of the beam in
the picture tube. The vertical multivibrator produces the 60-cycle
vertical sweep frequency, which is amplified by a vertical output
tube. The sync clipper feeds a sync signal, derived from the
vertical pulses in the video signal, to the sync input of the vertical
multivibrator. This vertical sync signal triggers the vertical multi-
vibrator and locks in its frequency and phase.

The automatic gain control (agc) system in any receiver auto-
matically reduces the receiver gain when strong signals are re-
ceived. In many receivers, such as the chassis being discussed,
delayed agc is used. The gain control voltage is not sent to the rf
amplifier stage when very weak signals are received. We want
maximum gain in the rf amplifier with weak signals. Even a small
amount of agc control voltage would reduce amplification in this
low-level amplifier stage. In this particular chassis, a negative volt-
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age developed by the sync clipper is used as agc to set a bias level
for the rf and first video amplifiers. This voltage is combined with
a reference voltage established in the video detector. All video in-
formation is filtered from the agc signal. The agc clamp stage pro-
duces the agc delay.

High voltage for the picture tube is produced, indirectly, by
pulses from the horizontal output stage. Actually, it is the horizon-
tal retrace (or flyback) that produces high-voltage pulses. A trans-
former increases the voltage level considerably and the high-voltage
rectifier changes the sharp pulses to dc. The rectified high-voltage
dc is connected to a high-voltage terminal on the picture tube
which, in turn, is attached to the aquadag coating within the tube.
The damper stage is involved with the horizontal sweep of the
beam and the production of an additional B-plus voltage called
boost B-plus. The low-voltage power supply distributes about
4250 volts throughout the set. Some tubes make use of the full
voltage; others require less.

Windup

In thinking about the TV receiver in block diagram form, you
might compare the electronic system with the mechanical system
in a machine. For example, your automobile has a carburetor that
has its purpose. It sprays gasoline vapor into a chamber. The ig-
nition system then comes into play; a spark appears at the correct
instant (for each piston) to explode the gasoline vapor. In this
way, power is developed to turn a crankshaft in the engine. There
are other systems throughout the car; each performs a function but
the car cannot be operated if a system fails.

In the television set, many systems are at work. For example,
while picture information is fed to the picture tube, the sweep
section performs its function. And, within the sweep section, the
horizontal deflection system, perfectly timed by horizontal pulses
in the signal, causes the beam to be swept across the screen. At the
same time, the vertical deflection system, perfectly timed by vertical
pulses in the signal, pulls the beam down slowly, then retraces the
beam. The sound system enables you to hear the sound that ac-
companies the picture. Power supplies can be considered as an-
other system. All of these operate at the same time and cooperate
with each other to produce the picture on your screen and accom-
panying sound in the speaker.
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ANTENNAS AND TUNERS

ou are an antenna. Even as you read this book, hundreds of

little voltages are running through your body. Why? Any radio
or television station that can be received in your area exists in the
form of energy in the air. The energy carries the information
transmitted by the broadcast station. Your body picks up the
energy; each radio station induces a very tiny voltage in you. As a
matter of fact, not only do the broadcast stations induce a voltage
in you, the hundreds of shortwave stations also do the same. Of
course, the voltages are so weak you don’t feel a thing. Your only
shock may be the knowledge that you, and everyone, are actually
an antenna. If you doubt it, hold your hand near the built-in
antenna of your midget radio. Chances are the sound will get
louder because you, serving as an additional antenna, are added
to the radio’s built-in antenna.

Every piece of metal is an antenna. This is because every piece
of metal picks up radio and television signals. This leads to a
problem you might think about. Suppose you had two metal rods,
one 70 and the other 52 inches long. You know that voltages from
many stations are induced into both rods. Which rod will develop
the greatest voltage induced by TV channel 2? The answer: the
52-inch rod. Why? A length of 52 inches is closer to the resonant
frequency of channel 2.

Resonant frequency
Can you solve this puzzle?
A trumpet player was practicing in his living room. Whenever
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he played middle G, the glass lampshade 