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STUDY SCHEDULE No. 54

For each study step, read the assigned pages first at your
usual speed, then reread slowly one or more times. Finish
with one quick reading to fix the important facts firmly
in your mind. Study each other step in this same way.
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[T1 Introduction :.:cccosinprumcssntnssnscensvasess Pages .l 6
The video amplifier is compared to the audio amplifier in a sound receiver,

then signal characteristies are discussed.

[] 2. Video Signal Distortions. ... .................... Pages 7-10
This section covers amplitude distortion, frequency distortion, phase distor-
tion, and time delay.
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[] 3. Fundamental A.C. Video Stages. .. ............... Pages 11-20
Low-frequency response, high-frequency response, series compensation, and

shunt compensation are covered here.

[] 4. Fundamental D.C. Amplifier.................... Pages 21-30
You study the power supply, a typical circuit, and signal operation of a
two-stage d.c. amplifier, then learn about brilliancy control and contrast

control.
> . 4
[]5. D.C.Restorers ..........ccooceeencooccnaccons Pages 30-36
i This discusses the basic d.c. restorer, then deseribes a practical diode restorer,

restoration in the last video stage, and in the picture-tube circuit.

[] 6. Answer Lesson Questions and Mail your Answers to NRI for
Grading.

[] 7. Start Studying the Next Lesson.
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OW that you have followed the
video signals through the r.f. sec-
tion (the input tuner and i.f. ampli-
fier) and have studied the video de-
tector, you are ready to make a
detailed study of the video amplifier.
This video amplifier can be compared
directly to the audio amplifier of a
sound receiver; it is the “low-fre-
quency” section of a television set
the section that takes the signal from
the detector and delivers it to the pic-
ture tube. It is necessary because the
signal output of the detector is insuffi-
cient to operate the picture tube.
The early history of the develop-
ment of video amplifiers is much like
that of audio amplifiers. Originally,
the gain obtainable in the r.f. section
was low, so a number of video stages
had to be used, even though fidelity
was sacrificed thereby. Then, as de-
velopments in tubes and eircuits per-
mitted more amplification at high
frequencies, the number of video
stages was decreased, thus permitting
wider frequency response. Today,
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many TV sets have only one video
stage, although most use two, and a
very few use three.

Basically, the video amplifier stage
1s either a resistance-coupled or a
direct-coupled stage. The transformer
coupling commonly used in audio am-
plifiers is completely impossible in
video amplifiers because the very wide
frequency range present in video sig-
nals simply cannot be passed through
audio transformers. Hence, the maxi-
mum gain can be no more than the
mu of the tubes; actually it will be
far less than this because the load
values must be kept small.

To get a general idea of the gain
needed, we can assume that the out-
put of the video detector will be some-
where around 2 volts in a set installed
within a few miles of a television sta-
tion. The amount of signal required
to drive the picture tube may be any-
where between 40 and 100 volts, de-
pending on the tube type. This means
that the video gain necessary will be
between 20 and 50.



There is no question of delivering
power—the picture-tube grid operates
from a voltage, so all the video stages
in a TV set are essentially just volt-
age-amplifying stages. The tubes used
are either high-mu triodes or pentodes,
because the load values are so low
that very little net gain would be ob-
tained if tubes of lower mu were used.

Because of the far higher mutual
conductances available in the minia-
ture tubes designed for TV use, a sin-
gle pentode may give enough video
oain. However, the designer may usc
two triodes or even two pentodes in
rascade instead of a single pentode,
hecause it is ecasier to adjust the
two load circuits to give the required
band width than it is to adjust the
single load circuit of a single stage.

Picture Phase. When the signal is
fed to the grid of the picture tube, it
must have a positive picture phase—
that is, the signal voltage must go in-
creasingly positive as the scene in-
creases in brightness. Each video
stage reverses the phase 180°, so when
an odd number of video stages (one
or three) is used, and the signal is fed
to the picture-tube grid, the detector
must deliver a negative picture phase.
On the other hand, when an even
number of stages (two) is used, and
the signal goes to the picture-tube
arid, the detector output must have a
positive picture phase. At one time
this had to be taken into considera-
tion; today, however, the detector out-
put can be of either phase because it
has been found possible to secure a
positive picture by feeding a signal
of negative picture phase to the cu.th-
ode of the pieture tube. Therefore,
today, regardless of the number of
stages used in the video amplifier, the
picture phase is adjusted properly
cither by setting the detector to de-
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liver the correct phase for the number
of stages or by feeding the signal to
the cathode instead of to the grid of
the picture tube.

With picture phase out of the way
as a problem, there remain, in addi-
tion to gain, the problems of passing
the desired band width with minimum
distortion and of either maintaining
the d.c. level of the signal or restoring
it. Before we get into the problems of
band width, let’s learn something
more about the signal we must handle.

SIGNAL CHARACTERISTICS

The signal at the output of the
video detector contains both the video
and synchronizing signals. The com-
plete video signal, including the syne
pulses, is fed to the picture tube. It
is not desirable to separate the syn-
chronizing signals from the picture
signal in the video amplifier, because
the syne pulses help to blank out the
tube during sweep retraces, as we will
show elsewhere.

At some point between the detector
and the picture tube, a copy of the
entire signal is taken off to be fed
through the stages engaged in con-
trolling the sweep circuits. The exact
point depends on the syne level and
phase, as another Lesson will show.

Frequencies. The video amplifier
must pass signals ranging from about
10 cycles to as much as 4.25 mega-
cveles in high-definition systems. The
upper limit is subject to some varia-
tion; when small picture tubes are
used, it is impossible to see fine details
at normal viewing distances, and fur-
thermore, such sets are frequently in-
expensive types. In such cases, the
upper frequency limit may be cut to
be only about 3 me. Receivers with
medium definition may cut off around
3.5 to 3.75 me.

A good low-frequency response is
necessary so that the system will re-
produce slow changes in brilliancy or
gradual changes in shading from light
to dark. On the other hand, a good
high-frequency response is quite nec-
essary so that the set will be able to
reproduce satisfactorily the sudden
and sharp changes that occur when
the scanning spot moves from a light
to a dark object in a scene.

D.C. Component. In addition to
having an extremely wide frequency

three a.c. signals may represent two
scanning lines crossing the same ob-
jeet: for example, they may be scans
of a scene that shows a house in dark-
ness, in moonlight, and in sunlight.

For simplicity, let’s wipe out the
variations in the a.c., thereby getting
the signals shown in Figs. 1D, 1E, and
1F. (These could well represent scenes
having a solid over-all dark, gray, or
white tone respectively.)

Examining these three signals, you
will see that the only basic difference
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FIG. 1. How the d.c. component affects the video signal.

range, the video signal differs in one
other important respect from the
sound signal with which you are fa-
miliar. The video signal has a d.c.
component; it is actually a pulsating
d.c. signal rather than a true a.c. one.
The effect of the d.c. component is
shown in Fig. 1. In A, B, and C of this
figcure we have the same a.c. signal,
except that in each instance the level
about which it varies is different. In
A we have the signal for a dark scene,
in B that for a gray scene, and in C
that for a brightly lighted scene. All

between them is in the amplitude of
the video portion, which is shaded in
this figure. Thus, as we move from the
dark scene to the gray scene, the am-
plitude represented by the shaded
area increases. It increases more as
we move from the gray to the white
scene. However, this increase is all on
one side of the black-level line. That
is, the synchronizing pulses are not
changed in amplitude at all; we have
merely changed the amount of video
signal by adding a d.c. to our a.c.
signal.
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FIG. 2. What happens when a d.c. com-
ponent is added to an a.c. sine-wave
signal.

If we add a d.c. to an a.c. sine-wave
signal, as shown in Fig. 2, the effect
produced is the same as that shown in
Fig. 1. That is, the addition of the
d.c. moves the a.c. signal with respect
to the zero reference line.

If we pass the combined a.c. and
d.c. signal of Fig. 2C through an a.c.

amplifier, the d.c. component will be
wiped out, and we will have only the
a.c. component of Fig. 2A. There is
no way for us to regain the d.c. com-
ponent here, because the signal, after
a.c. amplification, contains no compo-
nent that indicates what its previous
d.c. level was.

In a TV signal, however, the pres-
ence of the pedestal and sync pulse
does let us regain the d.c. component
after it has been wiped out by a.c.
amplification. Let’s see why it is im-
portant to regain this d.c. level and
learn how it may be done.

Figs. 3A, B, and C show the pul-
sating d.c. forms of the TV signals we
had in Fig. 1. In Figs. 3D, E, and F
are their respective a.c. equivalents.
Notice that the pedestals of the a.c.
signals do not line up, although they
do in the d.c. signals. This change has
occurred because the areas of an a.c.
signal on either side of the zero line
are always equal (or, in other words,
the average of an a.c. signal is always
zero). The pedestals of signals having
large d.c. components must therefore
shift considerably below the reference
line when the signals are converted
to a.c.
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FIG. 3. Pulsating d.c. signals (top) and their a.c. equivalents (bottom).

It is possible to apply these a.c. sig-
nals to the grid of the picture tube
without first lining up their pedestals.
If this is done, however, improper
operation will be produced, as you can
see from Fig. 4. Here, a dark scene
(Fig. 4A) has been lined up so that
its pedestal coincides with the oper-
ating point X on the tube curve. Video
signals now swing to the right to give
increases in brilliancy, and syne pulses
go to the left into the blacker-than-
black region to cut off the tube during
retraces. A bright scene, however, as
shown in Fig. 4B, would give but little
increase in over-all illumination, be-
cause the effect of any swing in the
direction to the left of the operating
point. would be lost. On the other
hand, if we arrange the ecircuits so
that the pedestal of a bright scene
(Fig. 4C) lines up with the operating
point of the tube, even the syne pulses
of a dark scene (Fig. 4D) will be well
to the right of the operating point;
the retraces of the dark scene will
therefore be visible in the picture, and
the scene would be very much brighter
than it should be.

All this wouldn’t matter if all scenes
had the same background brilliancy.
Since they don’t, however, the pedes-
tals of the signals applied to the pie-
ture tube must be lined up, as shown
in Fig. 5, so that changes in back-
ground illumination will be repro-
duced accurately and so that the re-
trace lines will not be visible. In other
words, the signals applied to the pic-
ture tube must contain a d.c. compo-
nent that will permit alignment of
the pedestals.

Since the signal is produced in the
proper form (with the d.c. component
so that the pedestals are aligned) at
the video detector, we must somehow
get this signal to the picture tube
unchanged.

One way of avoiding a.c. amplifica-
tion 1s to use a d.c. amplifier (one that
does not have coupling condensers).
A single-stage d.c. amplifier is rela-
tively simple—the grid of the tube is
fed directly from the video detector
load, and its plate circuit is directly
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FIG. 4. This illustration shows what hap-

pens if the pedestals of the a.c. signals

are not lined up before they are applied
to the grid of the picture tube.




coupled to the grid circuit of the pic-
ture tube.

When we get into more stages, how-
ever, a number of major problems
arise. A high-voltage power supply is
required; if it is not furnished, the
tubes must operate at reduced volt-
ages, because the total supply voltage
needed is the sum of the maximum
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FIG. 5. How the pedestals of a.c. signals

should be lined up to produce the proper

variation in the relative brightness of the
scene reproduced on a picture tube.

voltages required for each stage. In
the early days of television, this was
a real stumbling block because of the
tube types available. However, the
tubes now used operate at relatively
low voltages and do not draw excessive
plate currents, so two-stage direct-
coupled amplifiers are practical. They
are used to a considerable extent, as
we shall see later in this Lesson.

With the d.c. amplifier, special pre-
cautions must be taken to prevent
low-frequency oscillation (correspond-
ing to motorboating in a sound re-
ceiver). Also, there is a high
cathode-to-heater voltage in the final
stage of the d.c. amplifier, which may
lead to tube leakage difficulties.

These problems, particularly the
one of instability, make a.c. amplifiers
quite desirable. Fortunately, we can
use a.c. amplifiers even though they
do wipe out the d.c. component of the
signal, because it is possible to restore
the d.c. component, using a circuit
known as the d.c. restorer, so that the
signal fed to the picture tube grid or
cathode will have the pedestals lined
up again properly. When this arrange-
ment is used, the video amplifier does
not require such extremely high volt-
ages and is in general much more
stable. For these reasons, a.c. ampli-
fication with d.c. restoration is more
common than d.c. amplification. We'll
study both types, but first let’s go into
the distortions that are troublesome
in video amplifiers.
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Video Signal Distortions

Video signals can be considerably
upset by improper phase relationships
as well as by frequency and amplitude
distortion. Let’s review these distor-
tions and learn of the new require-
ments.

FREQUENCY DISTORTION

As you will recall, frequency dis-
tortion occurs whenever an amplifier
does not amplify equally all the fre-
quencies in the desired pass band. An
amplifier that is defective in this re-
spect may amplify some frequencies
more than is desired and some less, or
may not pass some frequencies at all.

for deficiencies in the responses of
preceding sections, thereby creating
an approximately flat over-all charac-
teristic for the entire set.

AMPLITUDE DISTORTION

When the wave shape of the output
of a radio ecircuit or device is not
exactly proportional to the wave shape
of the incoming signal, we have what
is known as amplitude distortion. This
distortion results in the production of
harmonics that were not present in the
original signal. Such changes in the
shape of the signal are commonly pro-

\
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FIG. 6. The solid line shows the fre-

quency response that the video section of

a TV set should have; the dotted line

shows the response of the average audio
amplifier.

Fig. 6 shows the frequency response
that the video section of a TV set
should have. (Compare this with the
frequency response of the average
audio amplifier, shown by the dotted
line.) Tt is not absolutely necessary
that the response of the video ampli-
fier alone be as flat as this. If there is
a loss of high frequencies in the video
iL.f.,, for example, it can be compen-
sated for by having a peaked response
at these frequencies in the video am-
plifier. Similarly, any peaking in the
r.f. or i.f. sections can be compensated
for by a reduced response in the video
amplifier at the appropriate frequen-
cies. Thus, the response of the video
amplifier can be adjusted to make up

duced by operating an amplifier too
near one of the bends of its charac-
teristic; they may also be produced
by overloading. Overloading is com-
monly avoided in television through
the use of a gain control in the i.f.
amplifier or in one of the video stages.
Set designers are always careful to
choose operating voltages and loads
such that amplitude distortion is not
appreciable when a set is operating
as it should.

While we are on the subject of am-
plitude distortion, we might mention
intermodulation distortion as well.
Intermodulation distortion occurs
when two signals are mixed and their
beat (sum and difference) frequencies



are produced. These sum and differ-
ence frequencies are not harmonies,
but they are produced by operation
over a bent characteristic just as am-
plitude distortion is. Therefore, inter-
modulation distortion is low whenever
the amplitude distortion is low, and
vice versa.

PHASE DISTORTION

Phase distortion exists in all ampli-
fiers—sound as well as video. It is
of no particular importance in sound
amplifiers, but it is extremely impor-
tant in video circuits.

Phase shifts occur because there is
some reactive component in the cir-

output would be in the same phase as
are the input components.

If, on the other hand, one frequency
gets more of a shift than another, the
resultant output wave form will be
quite different from the input. In Fig.
7, the output signals show that the
higher frequency has been shifted 90°
in phase with respect to the lower one.

The resultant of the two input sig-
nals is shown in Fig. 8A; the 90°
phase shift produces the resultant out-
put shown in Fig. 8B. By comparing
the two resultant waves, you will see
that the over-all wave form of the
output is quite different from that of
the input, which means that distortion
has been introduced.
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FIG. 7. The phase relationship of the

components of a complex wave can be

altered by a video amplifier. This causes
“phase distortion.”

cuit. Even in a direct-coupled ampli-
fier, the tube capacities shunting the
load introduce a certain amount of
phase shift. This comes about because
the impedance of the load ecircuilt
changes as the frequency of the signal
changes. Therefore, in most cases, the
amount of phase shift changes as the
frequency of the input signal (:hanges.

A phase shift causes the wave form
of the signal to be changed because
the relative positions of the various
components in the signal are changed.
For example, in Fig. 7, we are apply-
ing to the amplifier an input signal
consisting of two components, 1 and
2, with the second having twice the
frequency of the first. If there were
no phase shift, the components in the
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One effect of this distortion is shown
by the change it causes in the dis-
placement from the zero line of points
on the resultant wave. As you can
see, point X in Fig. 8A is at a con-
siderably greater distance from the
zero line than is point X in Fig. 8B,
although the two occur at the same
time in the cycle. Since its displace-
ment from the reference line deter-
mines the shade (relative grayness) of
a point in a signal, phase distortion is
thus capable of changing the shade
of various parts of a picture.

At first glance, it might appear that
we could avoid difficulty if we could
arrange for the same phase delay at
all frequencies. However, another fac-
tor is involved here—the fact that a

phase delay results in a delay in time.
Any time delay in the application of
a signal to the picture tube will, of
course, cause the part of the scene
represented by that signal to appear
in the wrong place. Hence, a phase
shift may not only change the shade
of parts of the picture, but may also
produce an actual physical distortion
by causing some portions of the image
to be out of place. The image blurring
caused by time delay is even less de-
sirable than changes in shade are, so
television circuits are arranged to pro-
duce a constant time delay rather
than a constant phase shift. If all
components of the signal are time
delayed the same amount, the entire
picture is shifted slightly to the right
or left, which doesn’t matter. We get
into trouble only when some elements
of the picture are shifted more than
others.

RESULTANT
4~ WAVEFORM
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TIME DELAY

To get an idea of how the phase
shift and time delay are related, refer
to Fig. 9. In Fig. 9A, we have assumed
that we have a 100 cycle-per-second
sine-wave signal. If this signal is
shifted 90° (one-quarter cycle), as
shown by the dotted-line wave, there
will be a certain definite delay be-
tween the time that the original signal
performs some action (such as going
through zero) and the time that the
phase-shifted signal performs the
same action. After it has passed
through zero, for example, the original
signal will go through a quarter of a
cycle before the phase-shifted signal
goes through zero. The time delay
suffered by the shifted signal is there-
fore equal to the time duration of a
quarter-cycle. Since the time for one
cycle of a 100-cycle signal is 1/100
of a second, the time delay caused by
a phase shift of one-quarter cycle is
1/400 of a second.

$——RESULTANT
WAVEFORM

®

FIG. 8. If two input signals are applied simultaneou i

: ; sly to an amplifier, and is”

shifted more in pl.mse than the other is, the resultant waveform (ﬂ' the’outpu‘tmzal;)s
will be quite different from the resultant waveform of the input (A).
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Now let’s sece what happens with a
200-cycle signal. As shown in Fig. 9B,
the time for one cycle is 1/200 of a
second, so the time delay for a phase
shift of one quarter cyele would be
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FIG. 9. How phase shift and time delay
are related.

1/800 of a second. Thus we sece
that the time delay for a phase shift
of 90° at 200 cycles is one-half as long
as the time delay caused by the same

amount of phase shift at 100 eycles.
Therefore, if phase-shifted signals of
various frequencies are to undergo a
constant time delay, the amount of
phase shift must increase as the fre-
quency increases. In other words, the
phase shift must vary linearly with
frequency.

As an example, if an amplifier has
a phase shift of 6° at 500 cycles, it
must have a 60° phase shift at 5000
cycles and only a .6° phase shift at
50 eyeles if it is not to produce time-
delay distortion of the amplifier sig-
nal. The formula that shows the rela-
tion between time delay (t) and phase
shift (6) is:

U}

360 f
where t is in seconds, f is in eycles per
second, and 4 is in degrees.

t=

We will give a somewhat better idea
of the effects of time delay later, when
we consider the effects of such delay
at low and at high frequencies. (Inci-
dentally, this really should be called
a time shift rather than a time delay,
because it is possible for there to be
speeding up or advance in time of
some components, however, since it is
customary to refer to it as “time de-
lay,” we shall use that form too.)
Let’s now turn to a.c. amplifiers to
learn of their characteristics, then go
on to d.c. amplifiers.
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Fundamental A.C. Video Stages

Let's start our study of a.c. video
stages by reviewing the resistance-
capacitance-coupled amplifier shown
in Fig. 10, which is much like the
audio amplifier with which you are
familiar. Briefly, you will recall that
the gain of the VT, stage depends on

FIG. 10.

A fundamental resistance-
coupled amplifier.

the amplification factor of the tube
and on the load used with that tube.
At middle frequencies in the pass
band, the load is the parallel combi-
nation of resistors R, and R,. If R, is
fairly high in value compared to R,,
the load is approximately the value of
R, alone.

If such a stage contained no re-
active components, its frequency re-
sponse would be flat from zero to
infinity. This is shown by the hori-
zontal line in Fig. 11. As a matter of
fact, however, the frequency response
of an amplifier of this kind rolls off
in both the low- and the high-fre-
quency regions, as indicated by the
dotted lines in Fig. 11. The fall-off
in the response at the low-frequency
end, in the region marked X, is chiefly
caused by the coupling condenser C,
in Fig. 10, which acts as a voltage di-
vider with R,. As the frequency de-
creases, the reactance of C, increases,

11

and less signal appears across R, for
application to the next tube.

The low-frequency response is fur-
ther reduced by the cathode by-pass
condensers C, and C, in Fig. 10, be-
cause their reactances rise so much at
low frequencies that they are not
effective by-pass condensers, with the
result that degeneration occurs.

At the high frequencies, the re-
sponse falls off because the load is
shunted by the output capacity of
VT, (marked Cpx in Fig. 10), by the
input capacity of VT, (marked Cgx
in Fig. 10), and by such distributed
capacities as exist from the plate and
grid wires and from C, to chassis. The
reactances of these capacities fall as
the frequency increases, so they shunt
the load at high frequencies. This
reduction in the net load causes the
high-frequency roll-off marked Y in
Fig. 11.
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FIG. 11. The frequency response of a
simple R-C amplifier rolls off at both the
low and the high frequencies.

Thus, we have two different prob-
lems—we have to extend the low-
frequency roll-off so that the gain will
be reasonably high at the lowest fre-
quency we want, which is around 10
cycles in the case of the video ampli-
fier, and we must also keep up the
high-frequency response out to about
4 megacycles. Let’s investigate both
these problems.
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LOW-FREQUENCY RESPONSE

As we just mentioned, the primary
reason for the roll-off in the low-fre-
quency response is that the coupling
condenser and the following grid re-
sistor form a capacity voltage divider.
The action is brought out more clearly
in Fig. 12. When we apply the voltage
e, (from the load for VT,) to the
combination shown in Fig. 12A, a
current will flow through C, and R,;
the current through R, produces the
voltage drop e,, which is the grid volt-
age for the following stage.

When the frequency is so high that
the capacitive reactance of C, is neg-
ligible with respect to the value of
R,, e, and e, are equal, as shown in
Fig. 12B.

As the frequency decreases, how-
ever, the reactance of C, increases. As
it becomes larger, the current flow
through the series circuit of C, and
R, causes an increasing voltage drop
ec across the condenser. The same
current flows through both C, and R,,
but the voltage drop across R, is in
phase with the current, whereas that
across C, is 90° out of phase with the
current and lags behind it. Hence, as
shown in C, D, E, and F of Fig. 12,
when the drop e increases, the volt-
ages e, and e, are pulled out of phase,
and e, decreases. Eventually, at very
low frequencies, the reactance of C,
becomes so high that practically all
the voltage e, is dropped across the
condenser, and there is virtually none
left as e,. Therefore, this voltage di-
vider reduces the output at low fre-
quencies. In addition, as you can sec
from Fig. 12, the phase difference be-
tween e, and e, increases as the fre-

FIG. 12. These vector diagrams show why
a roll-off occurs in the low-frequency
response of an R-C amplifier.

queney decreases, eventually reaching
approximately 90° at the low-fre-
queney extreme of the frequency range.
The amount of this phase shift is
very important. If it is as much as
45° or 1/8 of a cycle at 10 cycles,
the time delay will be 1/80 of a
second or .0125 second. This 1s 12,500
microseconds, which is almost equal
to the time it takes to scan an entire
field! Obviously, the phase shift must
be kept very small if the amplifier is
to handle very low frequencies.
Another way of looking at this ac-
tion is to consider it as a time-constant
problem. Let’s suppose we have a
scene like that shown in Fig. 13A. At

IIIIHHHHIII

BLACK

Y60 sec.
£ INPUT

BLACK LEVEL
SIGNAL REQUIRED AT
GRID OF T.C.R.TUBE

SCENE BEING
TELEVISED

BRIGHT LEVEL "ﬁ

t RS OUTPUT

R=C COUPLING
CIRCUIT

the condenser becomes charged, how-
ever, the current flow into it decreases,
so the voltage across R gradually
drops, producing a sloping top on what
should be a square wave. When the
voltage suddenly changes to the black
level, the signal produced by the cur-
rent flow through R goes to the black
level at first, but the charging of the
condenser produces a sloping bottom
on what should be a square wave.
When this signal is applied to the pie-
ture tube, the highest swing at the
bright level will produce a white back-
ground, but since the voltage does not
maintain this level but gradually
fades off into the gray region, the pic-
ture will gradually get gray as the

BLACK LEVEL

SIGNAL AT OUTFUT
OF COUPLING
CIRCUIT

SCENE PRODUCED
BY SIGNAL AT D

FIG. 13. These diagrams shown how an R-C coupling circuit produces background

distortion.

the top of the picture, the signal volt-
age should rise to the white level. It
should remain there until the middle
of the picture is reached, when it
should instantly shift to the black
level, remaining there until the end of
the picture. Hence, the signal applied
to the grid of the picture should be
like that shown in Fig. 13B.

If this signal is fed through an R-C
coupling cireuit like that in Fig. 13C,
the signal at the output of this circuit
will be like that shown in Fig. 13D if
the time constant of the circuit is too
short. At the instant the voltage
changes from zero to the bright level,
maximum current flows through R. As

1

3

A long time constant for the coupling circuit minimizes the distortion.

center of the screen is approached. At
the center, the signal will suddenly
produce a black picture, but this will
become gray towards the bottom of
the picture.

It would appear that we could pre-
vent this graying of the whites and
blacks by increasing the time constant
of the coupling network—that is, by
using large values of C and R so that
it would take longer for the condenser
to charge. This would keep the output
more nearly constant by reducing the
amount of slope in the top of the
wave.

By increasing the values of either
2, or C, in Fig. 10, we can keep the
output more nearly constant and also



reduce the phase distortion that occurs
in such a coupling. However, there are
practical limits to the values that may
be used. If the resistor R, has too
high a resistance, gas in VT, may
cause difficulties; this resistor is in the
grid circuit of VT,, and a high resist-
ance develops an unwanted positive
“bias” when even small amounts of
gas current flow through it. Increasing
the value of condenser C, may also
cause trouble, because this increases
the capacity between the condenser
and ground and therefore reduces the
high-frequency response, as we shall
show later. Furthermore, high-capaci-
ty condensers are likely to have rela-
tively high leakage, which may upset

first glance, this looks like an ordinary
decoupling network, and in fact it acts
like one at the medium and high fre-
quencies. By-pass condenser C, offers
negligible impedance at high frequen-
cies, so it prevents signals from getting
either into or out of the VT, stage
through the B4- lead.

The value of C, is chosen, however,
so that it is somewhat smaller than it
would be in a sound receiver, with the
result that it becomes part of the load
at medium-low frequencies. In other
words, at these frequencies, the load
for VT, is made up of R, and C,, since
this condenser completes the a.c. plate
circuit back to the cathode. The volt-
age developed across both R, and C,

FIG. 14. A circuit that is often used for
low-frequency compensation.

the C bias in the following stage. Fi-
nally, and perhaps most important,
making the time constant of the cou-
pling circuit too long will make it
impossible for the following stage to
recover from transient voltages quick-
ly, with the result that sharp changes
in voltage may cause motorboating.
Because the use of a long time con-
stant has so many drawbacks, design-
ers use other methods to compensate
for low- and high-frequency roll-off.
Low - Frequency Compensation.
Fig. 14 shows the low-frequency com-
pensating arrangement that is nor-
mally used in video amplifiers. This
consists essentially of the by-pass
condenser C, and the resistor R,. At
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is applied to C,-R,. Effectively, there-
fore, we have a circuit in which the
load increases in impedance as the
frequency decreases. As a result, the
voltage applied to C,-R, increases as
the frequency decreases, which makes
up for the increased voltage drop
across C,.

Fortunately, this also compensates
for the phase shift that we deseribed
earlier. The capacitive reactance of
C, causes a phase shift in the source
voltage for the C,-R, divider of such
a nature that the voltage at the grid
of VT, is kept in nearly the proper
phase.

The resistor R, is needed to make
C, become part of the load. The value
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of R, should be as high as possible;
if 1t is made too high, however, there
will be too great a drop in the B sup-
ply voltage. Therefore, in most prac-
tical circuits of this kind, R, has a
resistance about 20 times as great as
the reactance of C, at the lowest fre-
quency the circuit is designed to pass.

If the C,-R, phase shift were the
only shift of importance, it could be
removed by making the time constant
of R, and C, equal to that of C, and
R, (the time constant R X C).
However, you won'’t always find these
two products equal in practical cir-
cuits, because there may be other
phase shifts that must be compensated
for. For example, the cathode by-pass
condenser C, is supposed to prevent
degeneration at all frequencies. How-
ever, at very low frequencies, the re-
actance of even a very high capacity
will be appreciable in comparison to
the low resistance it by-passes. Hence,
there will be a certain amount of de-
generation in the VT, stage in Fig. 14
at low frequencies, reducing the gain
of the stage at those frequencies.
Some of this effect can be compen-
sated for by the C,-R, combination,
because the increase in the load will
counteract the drop in gain.

Although we have shown triodes,
pentodes are quite commonly used in
video amplifiers because of their
greater gain. The screen-grid circuit
of a pentode introduces a low-fre-
quency drop, because the screen-grid
by-pass condenser is not large enough
to be a completely effective by-pass
at these low frequencies. This drop
must also be compensated for by the
C,-R, combination.

The values used for C, and R;
therefore have a considerable effect on
the low-frequency response of the
video amplifier. In replacing these
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parts, it is important to use exact
duplicates to avoid upsetting the
compensation.

More low-frequency compensation
can be obtained, if desired, by allow-
ing more of the vestigial side band to
pass through the r.f.-1.f. sections. This
will cause the output of the video
detector to be higher in the low-
frequency region.

HIGH-FREQUENCY RESPONSE

At the higher frequencies, ranging
from about 15,000 cycles to 4 mega-
cycles, compensation is absolutely
necessary if we are to obtain a reason-
able response. As a matter of fact,
most engineers consider it more im-
portant to get the high-frequency re-
sponse ironed out than to compensate
the low-frequency response. Although
it is true that the background bril-
liancy may be disturbed if the low-
frequency response is poor, the detail
in the picture is determined by the
high-frequency response.

The low-frequency response is de-
pendent on three items (the coupling
condenser, the cathode by-pass con-
denser, and the screen-grid by-pass
condenser), but the response at the
high frequencies is dependent primari-
ly only on the capacity that is in
shunt with the load. In other words,
the parts that cause the low-frequency
roll-off play no part in causing the
high-frequency roll-off, because the
condensers involved have such low
reactances at high frequencies that
they act as short circuits and intro-
duce no drop.

Therefore, at high frequencies, the
typical circuits shown in Figs. 10 and
14 can be resolved into the equivalent
circuit shown in Fig. 15. Here, the
load resistance R,, the grid resistance
R,, and the shunting capacities are all



in parallel and make up the net load.
The capacity we have marked as Cpx
represents not only the plate-cathode
capacity of VT, but also the stray ca-
pacities to the chassis of the load re-
sistor and of the tube socket. The
capacity Cgk represents not only the

: i
Rp 4 !
cPK =CoK e2
G]-).I.eg : :
i
FIG. 15. The equivalent circuit of an

R-C amplifier at high video frequencies.

fore, as the capacitive current in-
creases because of the reduction in
reactance, the total current becomes
increasingly out of phase with the
output voltage e,. This is the same as
saying that the output voltage is be-
coming increasingly out of phase with
the input voltage, because the input
voltage and the total current are in
phase. Hence, the variation in the
load introduces a phase shift.

Since this difficulty is caused by
shunting capacities, the most direct
remedy is to reduce these capacities
as much as possible. Miniature tubes

depend on what the capacity is. The
larger the capacity, the lower the fre-
quency at which the roll-off will occur.
In general, however, the curves will
have the same shape regardless of
capacity.)

You will recall from your studies of
wide-band amplifiers that the pass
band is considered to extend out to
the point where the relative gain is
about 70% of the maximum gain. If
we follow this principle in examining
the curves in Fig. 17, we find that the
pass band extends to point A when the
load is 50,000 ohms. When the load

reasonable value so that normal gain
can be obtained. The high-frequency
response must therefore be extended
in other ways. There are two basic
methods of doing this; let’s study
them now.

SHUNT COMPENSATION

One of the basic ways of extending
the high-frequency response is shown
in Fig. 18. An inductance coil L, is
added in series with the plate load
resistor. This coil increases the high-
frequency response because it forms a

input capacity of the following tube and sockets are used to reduce the is reduced to 10,000 ohms, the response  parallel-resonant ecircuit with the
but also the stray capacities to the
chassis of the grid resistor and of the
coupling condenser. o Lsoc00n
If we combine the parallel resistors w2
and the parallel capacities, we get the >5[ 10000n A
equivalent circuit shown in Fig. 16. 55 ¢
You can see that, as the reactance of @%| socon 1 g
the capacity decreases, th(; ne?, imped- &l oon c g
ance of the parallel combination of C D
and R will drop. This means that = =
more and more of the source voltage SRS Kt FIG. 18. Coil L, in this R-C coupled am-
e, will be dropped in the plate resist- FIG. 17. These curves show that a reduc- plifier provides shunt compensation to
! tion in the plate-load resistance of an offset attenuation of high picture fre-
R-C coupled stage improves frequency quencies by C.
response at a sacrifice in gain.
tube capacities, and the parts are extends to point B; reducing it to shunting capacity. This is called

FIG. 16. The circuit in Fig. 15 can be
simplified to this form.

ance Rp of tube VT,. Hence, the out-
put voltage e, will be reduced with
increases in frequency.

This variation in the load imped-
ance with frequency also causes phase-
shift difficulties. The total plate cur-
rent must equal the vector sum of the
currents through the resistive and ca-
pacitive portions of the load; there-
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mounted well away from the chassis
to reduce the capacity of the resistors
and of the coupling condenser to the
chassis. Even when these capacities
have been reduced as much as is prac-
tical, they are still too high for the
very wide frequency range we need.
As Fig. 17 shows, it is possible to
reduce the effects of these shunting
capacities further by reducing the
plate load resistance. In drawing this
figure, we assume that the shunting
capacities had the same value in each
case. (The actual point at which the
curves begin to slope will, of course,

5000 ohms extends the response to C;
and reducing it to 1000 ohms extends
the response to point D. In other
words, reducing the load gives an in-
creasingly wider pass band, because
the response is extended toward the
high-frequency end of the band.

As you can see, however, this exten-
sion of the pass band is accompanied
by a reduction in gain at all the other
frequencies. There is, therefore, a
definite limit to how far we can reduce
the load impedance. Even though we
use tubes of high mutual conductance,
the load resistance must be kept at a
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“shunt compensation” because the in-
ductance is in shunt (in parallel) with
the capacity (represented as C). The
coil is selected so that the circuit is
made resonant at a frequency at or
above the highest picture frequency
to be passed. The resulting over-all
response of the stage is then the com-
bination of the resonance curve and
the normal response curve.

If the capacity remains fixed, the
resonant peak can be moved to the
right or left by choosing different
values for the coil L,, as shown in
Fig. 19. The actual height of the peak



depends on the Q; if we increase the
Q by increasing the inductance with-
out changing the load resistance, we
will get a higher peak at a lower fre-
quency. The choice of the coil there-
fore depends on the frequency range
desired and on whether the compensa-
tion should raise the high-frequency
response above normal.

Since the effect of such a coil is
to give a peak in the response, it is
known as a “peaking” coil.

The introduction of the coil to cause
resonance at the higher-frequency end
of the pass band tends to reduce the
phase shift. Unfortunately, the values

w
(%2}
z
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That is, the output capacity of VT,,
represented as C,, and the input ca-
pacity of VT, (Cg) are separated by
coil L,. (Insofar as R, is concerned,
therefore, it is now shunted only by
C,.) These two shunting capacities
and L, now form a low-pass filter of
such a nature that all frequencies are
passed that are below the frequency
at which L, and Cy become series res-
onant; above this point, however, the
frequency response is cut off sharply.

Since R, is now shunted by a much
smaller condenser than the one that
shunted it before L, was installed, the
frequency response is extended con-

FREQUENCY w=p-

FIG. 19. These curves show how the high-
frequency response of the amplifier shown
in Fig. 18 depends upon the Q of coil L,.
Curve 1 shows the effect of a low-Q coil.
Curve 5 the effect of a high-Q coil; the
other curves show the effect of inter-

mediate values of Q.

of inductance and load resistance that
give the best phase characteristics are
not the ones that give the best peak
output, so a compromise is necessary.

SERIES COMPENSATION

Another system of compensating for
the roll-off in the high-frequency re-
sponse is to install an inductance in
the position occupied by L, in Fig.
20. This system is known as “series
compensation,” because the coil is in
series with the signal path.

The effect of this inductance is to
split the shunting capacity in half.
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siderably. As a matter of fact, the
characteristics of the filter are such
that it is superior to shunt compensa-
tion with respect to frequency re-
sponse, minimum phase shift, and
output.

The exact response obtainable with
series peaking depends on where coil
I, is located. As shown in Fig. 21,
there are three possible positions for
coil L,. In Fig. 21A/ it is located be-
tween the load resistor and the cou-
pling condenser, a position that makes
the capacity Cg include that between
the coupling condenser and ground.

In Fig. 21B, the eoil is on the other

——

side of C,; now the C,-to-chassis ca-
pacity is part of Cy.

In Fig. 21C, the coil is located be-
tween the plate of tube VT, and the
entire coupling network. Now the ca-
pacity C, is just that of the tube VT,,
whereas Cy includes all other shunt-
ing capacities.

In each of these cases, the position
of the coil determines how much ca-
pacity C, has and how much Cy has.
Since the relative capacities of these
two have a pronounced effect on the
action of the filter, it is possible to
change the resonant point by chang-
ing the position of the coil in the
circuit.

You will notice that a resistor R,
is in parallel with the series peaking
coil in each case in Fig. 21. In a
shunt compensating circuit, the load
resistor controls the Q, but the Q for
a series peaking coil is not similarly
controlled. Therefore, a resistance is
added in parallel with the inductance
to adjust the Q properly. As a matter
of fact, the coil is made with a resistor
as an integral part of the assembly:
the coil itself is wound right around

VT, Ly ¢ Tz
—TWU\T'I

FIG. 20. A series-compensation circuit.

the resistor so that the two form a
single unit. This adjustment of the
Q affects the response to frequencies
near the resonant cut-off frequency.
Since a combination of series and
shunt peaking gives better response
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than either alone, it is very common
to find both used together in a circuit
like that shown in Fig. 22. Here,
shunt peaking coil L, is shunted by R,
to give a lower Q than is provided by
R,. (This is necessary in this par-

FIG. 21. Three possible positions for the
peaking coil in a series compensation
circuit.

ticular circuit because the value of R,
is fixed by other requirements at a
resistance that is too small to give the
Q desired.) The combination C,-R;
gives low-frequency compensation in
this stage also.

One stage usually cannot give all
the compensation needed, so, to even
out the response, it is fairly common
to use more than one stage of amplifi-
cation and to equalize them different-
ly. Thus, you may find two triode



stages used to get this equalization,
even though the net amplification is
no more than could be obtained from
a single pentode stage.

Summing up for a.c. amplifiers—
one to three stages of resistance-
capacitance coupled amplifiers are
used in modern sets. Several forms of

ages can be fixed in each stage inde-
pendently. However, coupling con-
densers affect the low-frequency re-
sponse and remove the d.c. component
of the video signal. Since, as we
showed in Figs. 4 and 5, it is neces-
sary to have this d.c. component of
the video signal, we must either use

FIG. 22. A combined shunt-peaking and

series-peaking coupling circuit. Coil L,

is the series-peaking coil; coil L, is the
shunt-peaking coil.

low- and high-frequency compensa-
tion are used with these amplifiers to
extend the frequency range and re-
move frequency and phase distortion
as much as possible.

The use of coupling condensers pro-
vides an advantage in that it makes
each stage independent of all others
in its operating potentials. Bias volt-

d.c. amplification or restore the d.c.
component if we are to get the pedes-
tals lined up again so that the circuit
will respond properly to any changes
that may occur in the background
illumination.

Let’s first see how the d.c. amplifier

differs from the a.e. form, before we
study the restorers.
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Fundamental D.C. Amplifier

Basically, a d.c. amplifier is one
that does not contain blocking con-
densers or transformers. (The “d.c.”
in this name can mean either “direct-
current” or ‘“direct-coupled”; both
names are applied to this amplifier.)
This makes it possible to pass along
the d.c. component of the signal as
well as the a.c. component.

The d.c. component acts throughout
a d.c. amplifier as a variable bias that
accompanies the signal and arranges
the operating points of the amplifier
so that the pedestals in the signals will
be lined up regardless of the average
brightness or darkness of the particu-
lar scenes.

Fig. 23 shows a basic circuit of this
kind. Here, tube VT, is the video de-
tector, which is fed from the i.f. coil
L,. Its load resistor R, has the shunt
peaking coil L, in series with it to
increase the high-frequency response.
Notice that the control grid of VT,
is directly connected to this load; no
coupling condenser is used. Hence,
the d.c. level of the signal is passed

right on to tube VT,. That is, the d.c.
drop across R, acts as a variable bias
that follows the signal brightness
level. This bias is applied to VT, and
causes its operating point to shift as
the brightness changes.

You will observe that the plate cir-
cuit of tube VT, contains the series-
peaking coil L, shunted by R, and
that its load resistor R, has L, as a
shunt-peaking coil in series with it.
R; and C, provide a low-frequency
compensation as in other circuits we
have studied.

The control grid of the picture tube
is connected directly to the plate end
of the load for VT,; again, there is no
intervening coupling condenser. The
picture tube cathode is connected to
the chassis by condenser C,, so the
a.c. signal across the L,-R,-C; load is
applied between the grid and cathode
of the picture tube. There is also a
path from the grid to the cathode
(through L,, R,, and R;) across which
is developed a d.c. that varies as the
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basic d.c. amplifier.
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brightness changes. Therefore, both
the d.c. and a.c. components of the
signal are applied to the picture tube,
with the result that the pedestals
stay lined up.

The absence of coupling condensers
removes one of the factors that can
cause a low-frequency roll-off, but we
still have the cathode circuit of VT,
to worry about, plus the fact that the
over-all design may be such that the
low-frequency response is limited.
Therefore, although low-frequency
compensation is not as necessary in
the direct-coupled amplifier as it is in
an a.c. amplifier, a certain amount of
this compensation may be needed.

not be sufficient high-frequency com-
pensation. For these two reasons, it
is sometimes necessary to use a two-
stage direct-coupled amplifier.

At once we run into a supply volt-
age problem. Since the stages are
directly coupled, the plate supply of
the first stage affects the bias of the
second, and the plate supply of the
second must be higher than that of
the first to get normal operation. Let’s
run through this problem before study-
ing a typical two-stage amplifier.

Power Supply. Fig. 24 shows an
elementary two-stage direct-coupled
amplifier. Let’s assume that the volt-
ages marked on the diagram are those

= 300V ——>

153 v

= +
O 413y O

260 V —»y

FIG. 24. The power-supply arrangement
used for a basic two-stage d.c. amplifier.

TWO-STAGE AMPLIFIER

The single-stage direct-coupled am-
plifier in Fig. 23 has several factors
to recommend it. We do not need
voltages as high as are needed in
multi-stage d.c. amplifiers, and the
likelihood of motorboating is not great
in a single stage. Further, there is no
need for d.c. restoration, since the d.c.
component of the signal is kept
throughout.

The only things wrong with the cir-
cuit are the facts that there might not
be enough gain and that there might

we require for operation. That is,
tube VT, requires a 3-volt bias for
100 volts on the plate. The normal
VT, plate current through load re-
sistor R, causes a 50-volt drop. There-
fore, the total supply for this tube is
50 4 100 + 3 or 153 volts. This is
obtained from the voltage divider be-
tween terminals A and C.

For tube VT,, we need a 10-volt
bias and 200 volts on the plate, and
the plate current causes a 100-volt
drop in the load R,. First, we have to
get the 10-volt bias. We have a 50-

volt drop in R,, which has the right
polarity but is 40 volts too much.
Therefore, the cathode of VT, must
be returned to point B on the voltage
divider so that it will be 40 volts
negative with respect to point C. Then,
the 40 volts developed across R, will
be opposed by the 50 volts across R,
with the result that the difference of
10 volts will appear as the bias for
tube VT,.

Next, we require a total of 300 volts
between the cathode and B-}- for this
tube (200 volts for the plate plus 100
volts that is dropped across R,).
Hence, 300 volts must be developed
between point B and point D of the
voltage divider. Since there is a 40-
volt drop between B and C, a voltage
of 260 volts is needed across R,. The
total voltage must therefore be 260
plus 153 or 413 volts. Notice that
this direct coupling of two stages
makes it necessary to have a high B
voltage available even though the
plate voltages needed are quite ordi-
nary.

Typical Circuit. A typical two-
stage d.c. amplifier circuit is shown
in Fig. 25. We can break down the
supply circuits of this amplifier into
the basic elements shown in Fig. 26.
The total supply here is 215 plus 120
or 335 volts. We can analyze this cir-
cuit in much the same way as the
circuit of Fig. 24 by noticing that the
voltages are all measured with respect
to ground.

The cathode of VT, is tied through
R. and R, to a point that is at —120
volts with respect to ground. There is
a 3-volt drop across R,, which be-
comes the bias for the grid of VT,,
since the grid returns to this point
through R,.

The plate current of tube VT, flows
through R,, and R, to the +215-volt

terminal of the power supply. In addi-
tion, R,, acts as a bleeder to cause
additional current to flow through R,.
The total drop across R, is therefore
more than 215 volts; it is actually
225 volts, which makes the junction
of R, and R,, be at a potential of —10
volts with respect to ground. There is
an additional 9 volts across R,,, so
the plate of VT, is —19 volts and its
cathode is —117 volts with respect to
ground. The plate voltage is the dif-
ference between the two, or 98 volts.
Although both the plate and the cath-
ode are negative with respect to
ground, the cathode is more negative
than the plate, which means that the
plate is positive with respect to the
cathode, as is required.

The bias needed for tube VT, is
about 4 volts. The grid of this tube
is at a potential of —10 volts with
respect to ground, because it is con-
nected to the junction of R, and R,,.
To produce the proper bias, the cath-
ode of VT, is tied to a terminal that
is —6 volts with respect to ground.

The plate voltage needed for VT, is
about 134 volts, and there is a drop
of 81 volts in its load resistor. The
total supply needed for VT, is there-
fore 6 + 134 + 81 or 221 volts. The
total B supply is 120 + 215 or 335
volts.

As you can see, high power-supply
voltages are required for multi-stage
direct-coupled amplifiers —so high
that practically all circuits use only
one or two stages. Occasionally three
stages are used, but any more than
this would be impractical because of
the excessively high voltages that
would be needed.

Signal Operation. Returning now
to Fig. 25, we can analyze the circuit
in regard to its operation on the sig-
nal. Tube VT,, the video detector,
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feeds into load R, shunt compensat-
ing coil I.,, and series compensating
coil L,. The signal from this stage is
fed directly to the grid of VT,.

Although triode tubes are shown in
this cireuit, pentodes might equally
well have been used. Also, separate
tubes might have been used instead of

~
3 In the plate circuit of VT, are a the dual triode shown here. Such
l coil L, and condenser C, that together ~minor changes could be introduced
l & ; form a 4.5-megacycle trap. This trap, Without making any basic modifica-
o o ey S Al - : .2
© o 3 ;3 which is called a “grain” trap, elimi- tion of the circuit.
w - b > nates whatever beat there may be be- From what we have said, you can
O —Og > tween the sound and video carrier see that the direct-coupled amplifier
'-—- I 0 signals; such a beat, if not removed, works much like an a.c. amplifier. Its
W oz would cause a fine-grained dot pattern advantages are that the d.c. compo-
) <+ ~ = on the picture. nent of the signal is not removed and
@ x = The plate of VT, is directly coupled that the elimination of coupling con-
& = through R,, to the grid of VT,, and densers helps to maintain a good low-
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FIG. 26. The power-supply circuits of the amplifier shown in Fig. 25 can be drawn in
this form to make it easier to understand the requirements the supply must meet.
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change in the first tube will affect the
bias on the second, causing a plate
current change in the second tube that
will aid the change in the first tube.
For example, suppose the plate cur-
rent of the first tube drops. This will
reduce the bias on the second tube;
its plate current will consequently in-
crease, causing a greater drop in the
power supply. This drop will reduce
the plate voltage on the first tube
decreasing its plate current further
and thus continuing the action of de-
creasing the bias and increasing the
current in the second tube. An oppo-
site series of actions will occur if the
plate current of the first tube increases.
Once this action starts, the circuit is
likely to go into oscillation or to
motorboat, because the plate current
of the second tube can be driven be-
tween saturation and zero alternately.

To prevent this from happening, the
power supply must be carefully de-
signed to have good regulation. This
means it must have low internal re-
sistance and use high-capacity con-
densers, which makes it more expen-
sive to build.

The a.c. amplifier does not have
these two disadvantages, and d.c.
restoration will give back the d.c.
level. Before we go on to d.c. restorers,
however, let’s learn more about bril-
liancy and contrast controls.

BRILLIANCY CONTROL

The picture tube must have an ini-
tial bias that will set its operation at
the proper point on the brilliancy-grid
voltage curve. The operating point is
set at the point of greatest curvature,
as at point X in Fig. 27A. This point
then represents the “black” level at
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which the pedestals line up; the video
signal swings the grid toward zero to
give increases in brilliancy, and the
sync signals make it more negative so
that the screen is blanked completely
during the sweep retraces.

Let us momentarily assume that we
can couple the signal to the picture

BRILLIANCY —=

X

——

o9 BRILLIANGY~
—

BLACK LEVEL i |

FIG. 27. Basic methods used in a.c. am-
plifiers for setting the operating point of
the picture tube at the desired point on
the tube characteristic (A) are shown in

(B) and (C).

tube through a coupling condenser C,
as shown in Figs. 27B and 27C. The
initial brillianey bias must then be ob-
tained from the power supply. The
variable bias control resistor R, in
both these figures can be used to ad-
just the bias to cause operation at the
proper point on the curve. The fixed
resistor R, is added to prevent the
setting from ever being reduced to
zero; this is necessary because the
tube might be ruined by the excessive
current flow if the bias became zero
for very long.

Since any change in the setting of
the variable bias control changes the
average brilliancy of the scene by
moving the “black” level, it is known
as the brilliancy control. If the bril-
liancy control is set so that the bias
is not sufficiently negative, the over-
all picture will be light; the retrace
lines can be seen if the control is far
enough from the proper setting. If the
control is set so that the operating
point is too far in the negative direc-
tion, the darker portions of the scene
will be telescoped together, with the
result that some portions that should
be gray will be black. On some sets,
the brilliancy control is a screw-driver
adjustment; on most, however, it is
operated by a front-panel knob so
that the set owner may adjust the
brightness of the picture to a level
that suits him.

Of course, a d.c. restorer (which we
will study later) would be needed in
circuits like those in Figs. 27B and C.
However, these are the basic methods
used in a.c. amplifiers for getting the
initial bias for the picture tube.

The absence of a coupling condenser
in a d.c. amplifier means that the drop
in the load of the last video stage will
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FIG. 28. Two methods of obtaining the
initial bias on the picture tube when a
d.c. amplifier is used.

affect the bias of the picture tube.
Thus, in the direct-coupled system,
the inital bias (the bias when no sig-
nal is being received) is obtained from
the d.c. voltage drop across R;, as
shown in Fig. 28A. The drop across
this resistor is determined by the plate
current of VT,; with usual current
and load values, this drop is normally
more than is wanted.

In the circuits in Figs. 23 and 28,
therefore, there is a control in the
cathode circuit of the picture tube
that makes it possible to apply a buck-



ing voltage that will reduce the bias.
When the slider on R, is all the way
to the left in Fig. 28A, the bias is
that across R, alone. However, when
the slider is moved toward the right,
a voltage of opposite polarity is added
between the cathode and grid of the
picture tube, thus reducing the bias.
Resistor R, thus acts as the brilliancy
control.

The arrangement shown in Fig. 28A
has one serious defect. If tube VT,
ever became defective so that its plate
current was cut off, there would be no

T0 VIDEO
DETECTOR

TO VIDEO

AMPLIFIER
CONTRAST
CONTROL

TO PICTURE

TO VIDEO
DETECTOR

CONTRAST
CONTRCL

FIG. 29. Two kinds of contrast controls.

voltage across R;, in which case there
would be a positive voltage applied to
the grid of the picture tube from the
drop across R,. Since a positive volt-
age on the picture tube grid could
ruin the picture tube, the circuit is
sometimes modified as shown in Fig.
28B to prevent such an occurrence. In
this latter circuit, a bleeder resistor R,
draws an additional current through
resistors Ry and R,. The drop across
R¢ is dependent on both the plate
current of VT, and the size of the
bleeder resistor R,. When the set is
operating normally, this drop in-
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creases the bias on the picture tube,
an effect that is compensated for by
adjusting R, so that it provides a
greater bucking voltage. If the tube
VT, becomes defective, there will still
be a drop across R, because of the
bleeder current. The values of the
various resistors can be so chosen that
this drop will keep the grid of the
picture tube at a safe voltage.

A basically similar arrangement was
shown earlier in Fig. 25. Here, the
voltage fixing the initial operating
point of the picture tube is determined
by the d.c. drop in R,, and R,, caused
by the plate current of VT, and also
by the voltage division along the path
Ris; Ris, Rig; Riys Lis from the —120-
volt to the +215-volt terminal of the
power supply. If tube VT, should fail
for any reason, the drop across R,,
and R,, caused by the flow of its plate
current through them would disap-
pear, but the voltage resulting from
current flow through the other path
would keep the tube safely biased.

In normal operation of the circuit
in Fig. 25, the picture tube grid is
slightly positive with respect to
ground, but its cathode is consider-
ably more positive. As a matter of
fact, under normal operating condi-
tions, the grid-to-ground potential is
about +14 volts and the cathode-to-
ground potential is about +42 volts.
The difference represents a bias of
approximately —30 volts on the grid.
The brilliancy control R, permits ad-
justment of the cathode potential, so
this bias level can be varied.

Service Hint. When d.c. coupling
is used, any defect that reduces the
plate current of the output video am-
plifier, or that increases the plate cur-
rent of the first video stage, will cause
a bright sereen, Conversely, either an

inereased plate current in the output
video stage or a deereased plate cur-
rent in the first video stage will reduce
the sereen brillianey.

Notice that this applies ONLY to
d.c.-coupled video stages. If a.c. cou-
pling is used, the coupling (-()mlcnsmjs
block the d.c. path, so each stage 1s
independent as long as there is no leak-
age in the coupling condensers. Hence,
in a set using a.c. video coupling,
changes in video amplifier plate cur-
rent cannot normally affect the initial
brilliancy setting of the picture tube.

CONTRAST CONTROL

The contrast control is basically the
“volume” control for the picture sig-
nal. When the set does not have a.g.c.,
the contrast control is always arranged
<o that the gain of the if. and r.f.
stages can be varied with it. When
a.g.c. is used to control these stages
and prevent overloading, the contrast
control is in either the a.g.c. circuit or
the video amplifier.

In any case, the contrast control is
used to increase gain on weak signals
and to reduce gain on signals strong
enough to overload the set. When used
in the video amplifier, it may be
cither a control used to vary the sig-
nal itself (see Fig. 29A) or one used
to adjust the gain by varying the
operating bias (Fig. 29B). The latter
control is favored because it intro-
duces fewer difficulties with the shunt-
ing capacities across the control and
its terminals.

The contrast control gets its name
from its effect on the signal. When
the gain of the receiver is increased,
the signal is “stretched” so that the
contrast range from white to dark is
increased. The contrast control is
therefore used to adjust the peak volt-
age value S of the signal, as shown in

Figs. 30B and 30C. Thus, with the
sienal shown in Fig. 30B, we have a
certain range from light to dark. If
the gain of the set is increased, the
value S is increased (Fig. 30C). As
vou can see, we have the same basic
;ignal form, but its amplitude has
increased. If the black level remains
the same, the peak value will show up
as a whiter signal.

Eg-B
CHARACTERISTIC
CURVE

BRILLIANCY
CUT—OFF

BRILLIANCY ——  \

PEDESTAL

FIG. 30. What the contrast control d({es
to the video signal (B) is shown in (C).

Notice, however, that the stretching
of the signal has also incrmsql the
amplitude of the syne pulse, with the
result that the pedestal level has
moved. In other words, the pedestal
level in Fig. 30C no longer lines up
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with the operating point and with
the pedestal level in Fig. 30B. There-
fore, if it is necessary to increase the
contrast control setting, it will also be
necessary to vary the brilliancy con-
trol to bring the pedestal levels back
into line with the brilliancy cut-off X
on the curve. If this is not done, dim
retrace lines may be visible in the
picture.

In general, this “interlock” between
the brilliancy and contrast controls
occurs regardless of where the con-
trast control may be.

However, when the contrast control
is in a direct-coupled video amplifier
like that in Fig. 23, adjustment of the
control automatically tends to reset

the brilliancy properly. In this cir-
cuit, adjustment of resistor R, varies
the contrast by changing the bias on
tube VT, and hence changing the gain
of this stage. At the same time, this
adjustment changes the plate current
through R, and thus changes the bias
applied to the picture tube, thereby
resetting the brilliancy level. The
circuit arrangement is such that in-
creasing the contrast also tends to
move the brilliancy cut-off point in a
more negative direction, which auto-
matically tends to line up the pedes-
tals. This is a desirable feature if the
parts values used in the circuit can be
selected so that the compensation is
exact.

D.C. Restorers

To review briefly, Fig. 31 shows the
difference between the a.c. and d.c.
types of video signals. You will recall
that in the a.c. versions shown in D,
E, and F of this figure, the areas on
either side of the reference line are
equal (because the average of an a.c.
signal is always zero). As a result,

the pedestals and synec pulses of the
a.c. signals do not line up if they are
associated with lines of different
brightness: those representing the
brightest lines go farthest below the
zero reference line. The displacement
of the peak of each syne pulse from
the zero line is proportional to the

brightness of the scanning line with
which that pulse is associated.

This last fact makes d.c. restoration
possible. Fundamentally, we can se-
cure d.c. restoration by applying the
a.c. signal to a rectifier circuit that
can develop a d.c. voltage that is
proportional to the peak values
reached by the syne pulses. This d.c.
voltage can then be added directly to
the a.c. signal to produce the original
pulsating d.c. signal form, examples of
which are shown in A, B, and C of
Fig. 31.

BASIC D.C. RESTORER
An clementary d.c. restoration cir-
cuit is shown in Fig. 32. The a.c.
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A positive with respect to terminal B
is merely applied across R, to the pic-
ture tube. On the negative alterna-
tions, however, when the sync pulses
make terminal A negative with respect
to terminal B, diode D conducts
heavily and puts a charge on con-
denser C, that is proportional to the
peak value of the negative swing of
the a.c. signal.

On the following positive swing con-
denser C, discharges as well as it can
through R,; however, the time con-
stant of C, and R, is chosen so that
it would take several lines and hence
several syne pulses of time before C,
could discharge completely. Usually,

@0 <— g|GNAL

=

FIG. 32. Simple d.c. restoring circuit in

which D is a diode tube. In some tele-

vision receivers, a germanium crystal

rectifier of small area may be used in
place of the tube.

I LINE

“mfﬂ“ @U U
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PEDESTAL
LEVEL

@ e PEDESTAL
LEVEL

FIG. 31. This is the same illustration that was shown earlier in Fig. 3; it is repeated
here for your convenience.
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signal voltage is applied to the input
terminals of this cireuit from the last
video amplifier. This a.c. signal
passes through coupling condenser C,
and develops across resistor R, a du-
plicate of itself for application to the
grid of the picture tube.

The diode rectifier tube D is con-
nected so that it will conduct only
when terminal A is negative with
respect to terminal B. Therefore, when
the a.c. signal is applied, that portion
of the a.c. signal that makes terminal

the time constant of C, and R, is
made approximately equal to the time
required to scan about ten to twenty
lines, because this has been found suf-
ficient for the normal changes in bril-
lianey that ocecur in the average scene.
The time constant cannot be much
longer than this, because then it would
tend to hold over from one brightness
level to the next. If it were made too
short, changes in brightness level
along a scanning line would begin to
affect the background brightness.
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When the time constant is correct,
conduction of the diode puts a charge
on C, that is proportional to the aver-
age scene brightness. A d.c. voltage
resulting from this charge is across R,
when the diode is cut off; it therefore
varies the operating point of the pie-
ture tube, thus moving the a.c. signal
so that the pedestals line up with the
cut-off point of the tube. The brighter
the line, the greater the d.c. voltage
developed across C,, and hence the
greater the sum of the d.c. and a.c.
voltages. That 1is, the d.c. voltage
added to the a.c. signal of a bright
scene is much higher than is the d.c.
added to the signal of a gray or a

diode capacity would then be shunting
the amplifier plate load. This would
seriously reduce the high-frequency
response of the system.

A basic circuit that is typical of
those actually found in TV receivers
1s shown in Fig. 33. Here, VT, is the
tube in the output video stage. The
plate load for this tube consists of the
series-peaking coil I,, the shunt-
peaking coil L,, and the load resistor
R,. Low-frequency compensation is
not added in this stage; it probably is
used in preceding stages, however.

The a.c. signal that is developed
across the load resistor and shunt-

E:

=100V L

FIG. 33. Schematic of a typical practical d.c. restorer.

black scene. This means that brighter
scenes will drive the grid of the pic-
ture tube harder in the positive direc-
tion, as they should.

PRACTICAL DIODE RESTORER

In an actual receiver, the diode d.c.
restorer would not be connected across
the entire grid resistor of the picture
tube as shown in Fig. 32, because the
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peaking coil is applied to the grid of
the picture tube through coupling
condenser C,. The a.c. grid circuit for
the picture tube consists of the re-
sistances Ry, R;, and R, and the by-
pass condenser C,.

The internal capacity of the diode
restorer VT, acts as a by-pass across
R., but the high-frequency compo-
nents of the signal coming through C,

are developed across R, and R, which
are sufficiently high in resistance to
act as a normal grid resistance.

However, VT, must charge a con-
denser if it is to operate properly as a
restorer, and it is isolated from C, by
R,. Therefore, the signal is fed to it
through condenser C,. The C,-to-
diode path is isolated from the plate
load resistor R, by the resistance R..
However, since most of the high fre-
quencies appear across L,, there is
little other than the middle and low
frequencies across R,; therefore, the
by-passing action of the diode on R,
is small, and R, need not be high in
resistance.

The d.c. restoration action is much
like that in the circuit in Fig. 32. The
negative swings of the pedestal and
sync pulses are applied to the diode
through C, (and also through the path
C,-R,, but this path is not considered
to be very effective). When the diode

conducts, it charges C, (through a
path consisting of Rg, Ry, R,,, the B
supply, R,, and R;). When the diode
ceases to conduct, R, is added to the
other resistors in the d.c. path between
the terminals of C,. Since the resist-
ance of R, is high in comparison to
that of the other resistors in the path,
most of the voltage across C, is devel-
oped across R;. The time constant of
C,-R; is such that C, is held at a
charge that corresponds to the aver-
age brightness of ten to twenty lines.
Hence, the d.c. voltage across R, cor-
responds to the average brightness of
the scene, and, since it is applied to
the grid of the picture tube, it acts to
line up the pedestals.

R, and C, isolate the grid circuit of
the picture tube from the brightness
control, which is a part of the power
pack. The a.c. signal path is through
C, to the cathode, and R, acts as a
blocking resistance.

FIG. 34. How d.c. restoration can be produced in the last video stage.



RESTORATION IN
LAST VIDEO STAGE

It is possible to make the last video
stage do its own restoring as long as
it is directly coupled to the picture
tube. Fig. 34 shows a typical example
of a ecircuit of this kind. Here, the
signal is fed to the grid of VT, through
the coupling condenser C,. This is an
a.c. coupling, since any d.c. that may
be in the signal from the preceding
stage will be wiped out by C,.

The plate load for VT, is the series-
peaking coil I.,, the shunt-peaking
coil T, and the load resistor R,. Re-
sistor R and condenser C, provide

positive direction for increases in bril-
liancy. Therefore, the signal applied
to the grid of VT, must have a nega-
tive picture phase, because VT, in-
verts the entire signal 180°. (This is
not the same kind of phase shift that
we studied earlier, because here the
action occurs on the entire signal. All
frequencies are held in their same
relative positions with respect to each
other—the entire signal is “flipped
over” as a unit.)

Since the signal applied to the grid
VT, has a negative picture phase, the
syne signals drive the grid in the posi-
tive direction, and the picture com-

TO OUTPUT OF
VIDEO AMPLIFIER

FIG. 35. How d.c. restoration can be pro-
duced in the picture-tube circuit.

low-frequency compensation. The sig-
nal developed across 1, R,, and C, is
applied directly to the grid of the pie-
ture tube.

Restoration. The restoration in
this stage occurs in the grid circuit of
VT,. This tube has no initial oper-
ating bias; it gets the bias for opera-
tion by grid rectification. The action,
which is much like that of a grid-leak
detector, occurs as follows:

To begin with, you know that the
signal applied to the grid of the pic-
ture tube must have a positive picture
phase—that is, it must swing in the

34

STEAM POWERED RADIO.COM

ponents drive it in the negative direc-
tion.

Since VT, has no initial grid bias,
the syne signals drive the grid posi-
tive, and the grid draws current
through R,. This current flow sets up
a bias voltage across R, that is pro-
portional to the amount the grid is
swung positive by the sync signal
peaks. This puts a charge on con-
denser C, that creates a d.c. voltage
across 1t having the polarity indicated
in Fig. 34. This d.c. voltage acts as a
varying bias on VT, during the nega-
tive part of the signal, moving the

operating point of the tube in accord-
ance with the brightness level of the
picture to make the pedestals line up.

Basically, the only difference be-
tween the grid circuit of the VT, stage
in Fig. 34 and any similar grid cireuit
in an a.c. amplifier is the fact that
there is no (or little) initial bias in
this circuit, which means that the grid
of VT, can go positive on the signal
swings. The time constant of C, and
R, must equal the time of several
lines, but this is needed anyway to

give reasonable low-frequency re-
sponse.

Since the pedestals are aligned in
the grid eircuit, they remain aligned
in the plate circuit. The plate of VT,
is directly coupled to the picture tube
orid, so the restored signal is applied
to the picture tube much as it is in a
d.c. amplifier. In fact, the output cou-
pling is practically identical with that
of the d.c. circuits we have studied.

D.C. RESTORATION IN
PICTURE-TUBE CIRCUIT

It is also possible to obtain a d.c.
restoration action in the picture tube
circuit, itself when the signal is fed to
the cathode. (We cannot obtain res-
toration by grid rectification in the
arid ecireuit of the picture tube, be-
cause we cannot allow the grid to go
positive.) The ecireuit in Fig. 35 is
used for this purpose.

In this circuit, the initial operating
point is set by the bias developed
across R,. This bias is determined by
the beam current of the picture tube,
which flows to the ecathode through R..
Resistor R, is a vernier brightness
control that is used to provide an
additional bias to set the final oper-
ating point.

It is possible to feed the video sig-
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nal to the cathode of the picture tube
this way as long as it has a negative
picture phase. Then the cathode will
be swung more negative by brighter
clements of the picture; since this is
the same as making the grid more
positive, we will have normal a.c. sig-
nal action.

In addition, d.c. restoration occurs
because of a shift in the bias devel-
oped across R,. When the pedestal
and syne pulses drive the cathode
positive (which is the same as making
the grid more negative), the beam cur-
rent through the picture tube is cut
down. This reduces the bias that is
produced across R,. An increase in
brightness therefore causes a reduction
in the beam current and in the bias
applied to the grid of the tube. This
allows the grid to go less negative (by
making the cathode less positive with
respect, to the grid) and thus produces
a brighter picture.

The coupling condenser C, prevents
the bias from following changes in the
signal too rapidly. The time constant
of C, and R, is such that the bias is
determined by the average brilliancy
of several scanning lines, as it is in
other d.c. restoration circuits.

One manufacturer calls this partie-
ular arrangement “automatic bright-
ness control,” and another refers to it
as “stabilized brightness control.” Al-
though it is true that this and all other
d.c. restoration methods are effectively
variable brightness controls, we usu-
ally consider the brightness level to
be set by the initial adjustment of the
operating point of the picture tube.

CONCLUSION

In the last several Lessons, you have
followed the video signal through the
r.f.-1.f. section, the video detector, and



the video amplifier. This completes
the journey of the video signal—it is
now applied to the grid of the picture
tube and serves to vary the brightness
of the spot produced on the face of the
tube. However, having a varying spot
is not enough; we must move this spot
to the proper position to reproduce
each element in the scene. Therefore,
in addition to varying the content of
the electron beam, we must sweep it
horizontally and vertically across the
face of the tube. Furthermore, it must
be kept in step with the transmitter
so that each line will start at the
proper time.

In the next Lessons, we shall study
the circuits that produce sweep volt-
ages and those that synchronize the
sweeps with the transmitted signal.
These are sections of a TV set that
have no counterparts in a sound
receiver.

As you will learn, the sweep ecir-
cuits basically consist of an osecillator,
followed by a special wave-shaping
eircuit or network that is employed to
give a voltage of a particular shape.
In turn, this voltage is fed through

an output or amplifying stage to the
deflection plates or deflection coils of
the picture tube. One sweep chain
operates to sweep the electron beam
in the picture tube from left to right
in a horizontal direction to form the
lines, while another entirely separate
sweep chain produces the deflection
signal for moving the beam from top
to bottom of the picture-tube face.

In the synec-control ecircuits, the
control signal is stripped from the
video signal, and then the vertical and
horizontal control pulses are separated
from each other. These signals are
then used to control the frequencies of
the oscillators in the sweep circuits so
that each line and each frame starts
exactly in step with the scanning at
the transmitter.

After you have studied sweep cir-
cuits and synchronizing control ecir-
cuits, you will study receiver power
supplies, the sound channels, and spe-
cial systems used in receivers. This
will complete your basic theory of
television, after which you will go into
the study of television antennas, and
the installation, adjustment, and serv-
icing of television receivers.
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Lesson Questions

Be sure to number your Answer Sheet 54RH-3.
Place your Student Number on every Answer Sheet.

Send in your set of answers for this Lesson immediately after you

finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
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10.

Be

Is the final video amplitier a power or voltage amplifier?

If the signal available at the output of the video amplifier has a negative
picture phase, how must it be fed to the picture tube?

Why is good low-frequency response necessary in a video amplifier?
What causes the high-frequency response of a video amplifier to fall off?

Is the detail in the picture determined by the high-frequency response or
by the low-frequency response?

What is done in the video section to eliminate the beat between the sound
and video carrier signals?

Why does an increase in contrast control setting make it necessary to
vary the brillianey control?

Why is it not practical to connect a diode as a d.c. restorer directly across
the entire picture tube grid resistor?

Which of the following statements is correct: the time constant in the d.c.
restoration circuit is such that the condenser is held at a charge that corre-

sponds to the average brightness of : one line; several lines; several frames?

If a two-stage video amplifier is a.c.-coupled throughout, and the first tube
burns out, will the picture tube bias be affected?

sure to fill out a Lesson Label and send it along with your answers.
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TAKE TIME

Here is a quotation from the Santa Fe Magazine
which appealed to me as containing much good, com-
mon sense. I hope you too will enjoy it—perhaps
profit by it:

“Take time to live. That is what time is for.
Killing time is suicide.

“Take time to work. It is the price of success.

“Take time to think. It is the source of power.

“Take time to play. It is the fountain of wisdom.

“Take time to be friendly. It is the road to hap-
piness.

“Take time to dream. It is hitching your wagon
to a star.

“Take time to look around. It is too short a day
to be selfish.

“Take time to laugh. It is the music of the soul.

“Take time to play with children. It is the joy
of joys.

“Take time to be courteous. It is the mark of a
gentleman.”






