














































































































































































































































































































INTERPRETING RASTER OR PICTURE DISTORTION 97

to the grid of the picture tube. However, since the sound is normal, the
sections in which both sound and picture signals are handled are elimi-
nated. The remaining trouble possibilities are in an area depending upon
whether the receiver is an intercarrier or split-sound type, and where the
sound signal is separated from the picture signal. The various possi-
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Fig. 9-6. Possible trouble areas for different circvit arrangements when the symptom
is raster and sound but no picture.

bilities have been discussed in Chapter 2. From the diagrams and ex-
planations in that chapter, the trouble areas in different case will be seen
to be as in Fig. 9-6. This illustration clearly shows how important it is to
know the type of circuit one is dealing with, in order to trace trouble. In
split-sound receivers part or all of the video i-f amplifier, the video
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Fig. 9-8. Typical oscilloscope waveforms produced by the video signal, when tracing
for a no-signal condition.
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Fig. 9-9. Types of patterns which result from failure of the horizontal sweep fo
synchronize.
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detector, the video amplifier, and the picture tube are in the possible
trouble area for the raster-but-no-picture symptom. On the other hand, for
intercarrier receivers, in which the sound i-f signal is tapped off after
the video amplifier, the satisfactory reception of sound eliminates all but
the connection between the video amplifier and the C-R tube and the
C-R tube itself.

When the possible trouble area has been determined in accordance
with the type of receiver circuit, the video signal can be traced with an
oscilloscope. For tracing in video i-f amplifier stages, a detector probe
must be used with the scope to detect the video signal. A typical probe
circuit suitable for such observations is shown in Fig. 9-7. By application
of this probe to signal points in the video i-f amplifier, signal tracing
can be accomplished, although in the earlier stages there may not be
sufficient sensitivity in the vertical amplifier of the oscilloscope to make
the signal visible. From the video detector output circuit to the C-R tube
grid, no detector probe is necessary, and the vertical input lead, suitably
isolated, is used direct. Typical signal waveforms as traced in this
manner are shown in Fig. 9-8.

When the trouble area for the particular type of receiver has been
determined according to the type of receiver circuit, the tubes in this
area can be checked by replacement. If this does not reveal the trouble
source, then voltage checks and other conventional troubleshooting
measures previously considered should be applied to that area.

9-4. Sync Troubles

Now suppose the raster is satisfactory and video is being received,
but the picture will not stay in sync. The lack of sync can be in either
the vertical direction, the horizontal, or both.

No horizontal sync. Different kinds of patterns which may result
from the failure of the picture to synchronize in the horizontal direction
are shown in Fig. 9-9. The first thing to do,.of course, is to try adjustment
of controls, as explained in Chapter 6. We will assume here that these
adjustments have been tried, but without success.

As explained in Chapter 6, we should determine whether the controls
can be adjusted so that the picture synchronizes, even for a moment. If
sync is never obtained for any adjustment of the controls, the free-
running frequency of the oscillator is too far from the desired value,
and the horizontal oscillator circuit should be checked. If the picture
will sync for a moment or for a short time, but is unstable and tends to
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drift out again, it is more than likely that the trouble is in the sync
section, including sync separators and clippers, or in the horizontal AFC
circuit. The latter may include the horizontal output transformer. Video
amplifier trouble could also cause this effect if there is improper bias, a
defective tube, or a defective coupling capacitor. When the picture
momentarily synchronizes, the quality of the picture should, if possible,
be noted because, if it is distorted, there is a strong possibility that the
sync trouble arises in the video amplifier section.

As in previous cases, the tubes in the affected sections should be
checked, one by one, by replacement. If tube trouble is not found, check
plate and screen voltages and make other conventional tests. The trouble
area is now so small that the guilty component should soon be uncovered.

No vertical sync. Loss of vertical sync is illustrated in Fig. 9-10. The
procedure for correcting this trouble is the same as for horizontal sync
trouble, except that now there is no AFC circuit to worry about. First
check the controls and see if sync can be obtained even momentarily.
If it can, but is unstable, look for sync or video amplifier trouble; if
not, check the operation of the vertical oscillator.

(A)

Fig. 9-10. Examples of loss of vertical sync.

No vertical or horizontal sync. Loss of both vertical and horizontal
sync results in a jumbled picture that may be hard to perceive and
analyze. However, adjustment of the hold controls may help to spot it.
An example of this condition is shown in Fig. 9-11. Since is is unlikely
that there would be trouble in both the horizontal and the vertical
oscillators or amplifiers at the same time, the trouble is likely to be in
the video amplifier or the sync separators.

Improper interlace: This condition is indicated by the close examina-
tion of the horizontal sweep lines in a well-focused picture. In a normal
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Fig. 9-11. Loss of both vertical and
horizontal sync.

picture, with proper interlace, the sweep lines are equally spaced. In a
picture indicating interlace trouble, tha lines become “paired” as illus-
trated in Fig. 9-12 (A). If failure of interlace is complete, the paired
lines will merge, and the picture is noticeably broken up into light and
dark lines, even at normal viewing distance, as illustrated in Fig. 9-12 (B).
Improper interlace may result from a faulty vertical sweep amplifier tube.
Trouble in the video amplifier output circuit or in the sync amplifier
and sync separator may also produce this effect. One likely source is the
vertical integrator, which fails to integrate the sync pulses into clean,
well-defined pulses for operating the vertical sync circuits.

(B)

Fig. 9-12, Close examination of the horizontal sweep lines of a TV picture indicates
whether there is poor interlace. (A) shows how lines pair when there is partial loss of
interlace, while (B) shows how the lines merge when the loss of interlace is complete.

9-5. Nonlinearity

If adjustment of controls fails to eliminate the trouble, the tubes
in the section involved should be checked one by one. In other words,
for vertical nonlinearity, check the vertical deflection section; and for
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horizontal nonlinearity, check the horizontal deflection section. If tubes
do not prove to be the trouble, then check for leaky or shorted coupling
or by-pass capacitors and open or changed-value resistors.

9-6. Deflection Circuit Transients

Transients in the deflection circuit cause fold-over of the side of
the picture, as shown in Fig. 9-13. This trouble results from the genera-
tion of a high-frequency transient wave in the yoke deflection coil and its
associated circuit. Since the damper circuit is designed to eliminate this
effect, it is there that we look for the trouble. Check for a poor damper
tube or defective circuit components connected to it.

Fig. 9-13. Typical case of

picture fold-over resulting

from transients in the hori-
zontal sweep section.

9-7. Keystoning

Keystoning (wedge-shaped raster) may occur either vertically or
horizontally, as shown in Fig. 9-14 (A) and (B). It is caused by some
defect in the deflection coils, frequently a short circuit. Pattern (A)
results from vertical deflection coil trouble and pattern (B) from hori-
zontal deflection coil trouble.

9-8. Picture Blooming

Blooming describes a condition in which the size of the picture
becomes much greater than normal, extending quite far beyond the
edges of the mask. It is usually accompanied by poor brightness and lack
of focus. Figure 9-15 is an example.

The cause of picture blooming is usually found in the low- or high-
voltage power supply. The change of voltages on the picture tube changes
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(A) (8)

Fig. 9-14. Examples of keystoning (wedge-shaped raster).

the deflection, the focus, and the brightness. Check carefully for defective
filter capacitors in the low- and high-voltage power supplies. An increase
in the value of the high-voltage filter resistor will also produce this effect.

Fig. 9-15. Example of picture
blooming.

9-9. Interference

There are many ways in which interference can affect TV reception.
Probably the most common interference is that illustrated in Fig. 9-16.
This type is due to an unwanted r-f signal entering the front end of the
receiver. The interfering signal may be from a transmitting station, such
as a police radio transmitter or a radio amateur, or it may be from
another TV receiver. The interference also may appear as in Fig. 9-17;
if the interfering carrier is modulated or unstable, the interference
pattern may move back and forth. Such interference may also originate
inside the receiver itself.
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Fig. 9-16. Typical r-f inter-
ference pattern.

Courtesy: RCA
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Fig. 9-17. Another type of
interference arising from r-f
interference.

Courtesy: G.E.

When the interference originates outside the receiver, it is necessary
to determine its frequency as the first step toward eliminating it. If the
interference is at a frequency that falls within the band of the channel
to which the receiver is tuned, nothing can be done to eliminate it since
eliminating the interference would also blank out the signal. On the
other hand, the interference may be at a frequency different from those
covered by the received TV channel, but a harmonic is generated in
the receiver circuits and falls within the received pass band. In other
cases, the interfering signal is close enough in frequency, and strong
enough, to pass into the front end in sufficient strength to overload the
receiver and prevent reception of the desired TV station, even though
the interfering station frequency is not nominally within the desired
channel.
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If tne interference is being generated as a harmonic in the receiver
circuits, then a high-pass filter will usually help. A typical high-pass
filter is illustrated in Fig. 9-18, and units like it are generally available.
To illustrate its use let us consider an example. Suppose a TV receiver
1s set to receive a station on channel 3, which covers the band 60-66 mc.
Then assume that there is a transmitting station close by operating
on 31 mc. The second harmonic of this signal is 62 mc, and is thus
received along with the desired station signal, with which it interferes.
If the second harmonic signal is generated at the receiver, by applying
such a strong signal to it that the r-f stage is overloaded and distortion
produced, then the high-pass filter is applied to the receiver to remove the
trouble. This is illustrated in Fig. 9-19. The high-pass filter attenuates
(exhibits a very high impedance to) all signals below a certain cut-off
frequency, the cut-oft frequency for most models designed for TV recep-
tion being from 40 to 50 mc. Let us assume that the cut-off of our filter
is 45 mc. Then the filter keeps out of the receiver all signals below 45 mc,

Fig. 9-18. Typical high-pass filter

for connection in the antenna lead

of a TV receiver to reduce certain
kinds of interference.

ANTENNA
. . . HIGH-PASS
Fig. 9-19. Block diagram illus- ey RECEWER
trating the action of a high-pass
filler in removing interference
from signals of frequencies be-
low the cut-off value. SIGNALS o
(B:E%?\g"_r SIGNALS ABOVE
FREQ K= CUT-OFF FREQ
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but passes normally all signals having frequencies higher than 45 mc.
Thus our interfering signal at 31 mc is filtered out and the desired TV
station signal at 60 to 66 mc passes normally into the receiver. Since the
strong 31l-mc signal is thus kept out of the front end, the latter is not
overloaded, and the second harmonic is not generated.

However, if the interference is derived from a second harmonic
signal being radiated from the transmitting station itself, it cannot be
removed at the receiver except possibly by orientation or relocation of
the antenna. In this case, the interfering signal (second harmonic at
62 mc) arrives at the receiver as a 62-mc signal; thus any effort to filter it
out at the receiver also tends to filter out the received signal. However,
if the interfering station and the desired TV station are located in
different directions from the receiver, careful orientation of the receiving
antenna may help some. Otherwise, relief can be obtained only by
measures taken at the station that is causing the inteference.

Another way in which interference can be caused is by image
response of the TV receiver. Consider, for example, a TV receiver with a
45-mc intermediate frequency in the vicinity of a strong interfering signal
at 145 mc. From the theory of images, we know that interference can be
caused by a frequency equal to the desired frequency plus twice the
intermediate frequency (plus because the oscillator frequency is higher
than the signal frequency). In this case, the receiver is tuned to channel
2, for which the video carrier frequency is 55.25 mc. To find the image
interference frequency we add twice the intermediate frequency to
55.25, i.e., 55.25 plus (2 X 45) equals 145.25 mc. Thus, a station putting
out a strong signal at, or near, 145.25 mc may cause image interference.
However, both the front end and the i-f amplifier sections of the TV
receiver are designed for a pass band at least 4 mc broad, and the edges
of the pass band are often not too sharp. For this reason, any frequency
within a range of several megacycles either way from 145.25 mc can
cause serious interference if the interfering signal is strong enough and if
the TV receiver front end has a broad pass band and is not well shielded.
Note that the interference in this case is entirely the fault of the TV
receiver, since the transmitter causing the interference is operating on
its proper, assigned frequency.

Image interference indicates that better shielding, better filtering, or
both are required in the front end of the receiver. Considerable differ-
ences will be noted in different models of receivers as to their susceptiblity
to this kind of interference. In several cases, the author has noted that
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one receiver model will suffer sufficient interference to make a channel
unreceivable, while another model in the same location under the same
conditions will not show a trace of interference. As his experience in-
creases, the technician will develop a knowledge of which receivers are
most susceptible.

However, if a service job involves this kind of interference, the
customer already has the offending receiver, and the technician must
try to eliminate it (or perhaps sell the customer a better shielded and
filtered receiver). If the interfering station operates only on one frequency,
or within a small range of frequencies, a wavetrap with a parallel-
resonant circuit in each leg of the receiver’s antenna lead is about the
best bet. In most ordinary cases, this trap can be connected at the antenna
terminals of the receiver; but in severe cases, it may be necessary to
connect it at the point where the antenna lead connects to the tuner
itself. Each resonant circuit should, of course, be tuned to the interfering
station frequency.

In cases of blanket interference, the same kind of trap is in order.
For example, an amateur radio station located nearby, operating on
50 mc (amateur band 50-54 mc), may overload the front end and, in
severe cases, completely disable the receiver on channel 2. A wavetrap
tuned to the 50-mc frequency will usually eliminate this trouble. Most
commercially available high-pass filters do not have a cut-off frequency
high enough to eliminate 50-mc signals, so are not useful in this respect.

The management and staff of radio transmitting stations are usually
quite anxious to do anything possible to remove interference, even when
the fault lies in the receiver. It is therefore suggested that the technician
consult them in difficult interference problems.

Most forms of interference of external source enter the TV receiver
through the antenna leads; that is why we have discussed traps and
high-pass filters. However, occasionally interference will enter through the
power line. In this case, a line filter will be helpful; in some cases, both
a line filter and a trap or high-pass filter in the antenna leads may be
necessary. Suitable line filters usually are available from parts dealers.

Another form of interference is caused by the ignition systems of
automobiles, and is referred to as ignition noise. The spark plugs of a
gasoline engine act as small spark transmitters, radiating pulses of r-f
energy, which are picked up by the TV receiver. This interference is
not nearly the problem it used to be when the pulses of ignition noise
would interfere with the horizontal sync system and cause the whole
picture to lose sync. Horizontal AFC, which locks the horizontal oscil-
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lator into the average frequency of the received sync pulses rather than
to the individual pulses, has minimized the effect of ignition noise in
modern receivers. However, when the receiver is located near a busy
highway, vertical sync may be affected and there may be a tearing effect
in the picture, or jagged horizontal lines. In other cases there may be
thin streaks across the picture, as shown in Fig. 9-20. About all that
can be done is to attempt to orient the antenna so as to discriminate
against the ignition noise as much as possible without losing too much
signal. In some cases, the use of coaxial cable for antenna lead-in, with
the shield grounded, reduces noise pick-up. Then, of course, the higher
the antenna, the farther it will be from the source of the noise and the
less it will pick up. The shielded lead-in prevents ignition noise from
being picked up along the lead-in wire.

obi

Fig. 9-20. Streaks of inter-
ference caused by auto
ignition and similar sources.

Courtesy: G.E.
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9-10. Hum

Sometimes, defects in the receiver will cause 60-cps or 120-cps hum
to be picked up and amplified in the video, sound, or deflection circuits.
Two examples of the effect of hum on the picture are given in Fig. 9-21.
At (A) is shown the picture that results when hum in the video section
is excessive. This hum may be picked up in the video amplifier or may
originate in the sound i-f or detector sections and be amplified. The
alternations of the hum voltage cause the C-R tube grid to swing positive
and negative; when it swings negative, the screen becomes dark. Since
this happens once each cycle, one black bar appears on the screen
as shown.
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(A) (B)

Fig. 9-21. Patterns resulting from hum troubles, (A) The hum is in the video signal,
producing an effect similor to that produced by a bar generator. (B) Hum is modulating
the horizontal deflection voltage, producing waving effect on sides of raster.

Typical causes for such a condition are defects in the filter circuit
of the low-voltage power supply, improper by-pass capacitors, or heater-
cathode leakage in the tubes. If the receiver has parallel-heater connec-
tions, removal of tubes starting with the video amplifier and working
backwards will usually reveal the trouble section.

Figure 9-21 (B) shows what happens when the hum is modulating
the horizontal deflection voltage. The deflection-voltage amplitude varies
with the hum voltage and causes the wavy effect shown. The causes are
similar, but trouble is more likely to be found in, or directly connected
with, the horizontal deflection circuit.

9-11. Weak Signal
A weak signal is characterized by indistinctness, lack of contrast,
and the presence of “snow” in the picture, as shown in Fig. 9-22. The

Fig. 9-22. Typical weak-
signal pattern.

Courtesy: G.E.
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snow is a large number of small specks of light spread across the screen,
and is due to the presence of a relatively large amount of random noise
(rush). A stronger signal would ordinarily override and suppress this
noise.

If the sound is also weak, or is accompanied by excessive random
noise, it is apparent that the trouble must be in, or directly related to,
those sections of the receiving system through which both sound and
video signals must pass. These include the antenna, the antenna lead-in
and connections, the front end (tuner), and whatever other sections
there are between the tuner and the point in the circuit at which the
sound and video signals separate. Chapter 2 contains a discussion regard-
ing this point for the various types of receivers.

If the picture is weak but the sound is normal, then the trouble
must be in, or directly related to, only those sections through which the
video signals pass. In intercarrier receivers, these sections include only
that portion of the circuit from the video amplifier input or output
circuit up to and including the picture tube. In split-sound receivers, the
sections involved start at the input of the video i-f amplifier or one or
two stages later, and continue through the video i-f amplifier, the video
detector, the video amplifier, and the picture tube.

In determining whether the sound is “normal,” it should be kept
in mind that the sound is receivable long after the picture has been
attenuated to the level at which it is no longer visible. For example, in
fringe areas it is often true that sound can be received satisfactorily,
while the picture is not visible, or is too weak to be viewed comfortably.
The point of this is that rather good reception of sound is not always a
good indication that sound reception is normal. With some experience,
the technician can detect, by the signal-to-noise ratio and the range of
adjustment on the fine-tuning control over which the sound signal
“kills” the rush (random noise), whether the sound signal is being
normally received at the location involved.

If both the sound and the picture are weak, one of the first things
to check is the antenna system. If a field strength meter is available at
the location, the signal strength at the receiver end of the antenna lead-in
can be measured. If the strength of the signal giving trouble is less than
500 wv, it is likely to appear weak. For good reception, a minimum of
1,000 or 2,000 uv should be present at the receiver input terminals.

For a complete test, relative signal strength of all the stations operat-
ing in the area should be noted. Then the relative strengths with which
these stations are received on the receiver’s C-R tube screen should be
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noted. If the relative strengths are not the same in reception as they are
for field strength measurement, then there may be misalignment trouble
in the receiver.

If reception of all channels is weak, and the readings on the field
strength meter indicate that the strengths are low at the receiver end of
the antenna lead-in, then the fault is in the antenna system. Of course,
the decision as to whether either reception or field strengths are low
depends on the technician’s knowledge of the location and what signal
strength must be expected with a given antenna system.

If the installation is not a relatively new one (within six months), it
should not be immediately concluded that the antenna is of wrong design,
not high enough, etc. Rather, the customer should be questioned about
how long he has had the weak signal trouble and whether reception
was at one time much better. If reception has been better, it is very likely
that the trouble is in antenna deterioration. Although aluminum is a
reasonably weather-resistant metal, it does form oxide coatings after
many months of exposure. This oxide is a poor conductor and interferes
with the interception and transfer of a good signal to the receiver. Often,
although the elements of the antenna are aluminum, the screws and some
of the other hardware may be iron, which rusts badly after a few months
of exposure.

In addition to the antenna, the lead-in wire may also deteriorate
sufficiently to cause a weak-signal condition. Certain types of 300-ohm
ribbon, employing transparent or semitransparent plastic, are especially
subject to harm from sunlight, which causes the plastic to break down
chemically and develop a number of cracks; this weakens the line physi-
cally and causes excessive leakage due to moisture. Such a line should
be replaced by heavy-duty 300-ohm ribbon with dark-brown insulation.

In some areas, the lead-in line may be affected by the atmosphere.
Many cases have been observed in which soot gathers on the outside
surface, causing severe leakage, especially in the higher frequency
channels. Moisture from rain is absorbed by this soot, making the con-
ditions worse. Such a line must be thoroughly cleaned with a damp
wiping cloth at regular intervals. If the line has deteriorated seriously,
it should be replaced. Besides soot, corrosive gases and vapors also can
cause lead-in line trouble that shows up as a weak signal.

In a few cases, a weak signal from the antenna system may be due
simply to a poorly oriented antenna, insufficient height, etc. In some
cases, reception may have been satisfactory at one time, but the antenna
has been disoriented by windstorms, accidents, etc.
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If the weak signal trouble is not in the antenna system, then the
field strength readings will show a good signal at the receiver end of the
lead-in. If the weakness of signal seems to be general, and not just
on one channel, try replacing one tube at a time in the front end. Start
with the r-f amplifier, then the mixer, then the oscillator, if separate.
Remember that the alignment adjustments for each stage may have to be
“touched up” each time a tube is changed, in order for the test to be
conclusive. If the front-end tubes seem to be normal and if their replace-
ment does not eliminate the weak signal trouble, then proceed with
checks of video i-f amplifier tubes.

One way to localize weak-signal troubles to a certain extent is to
note whether there is much random noise present. Random noise (rush)
primarily originates in the front portion of the receiver. If there is a
good deal of random noise present, such as is shown in Fig. 9-22, then it
is likely that the trouble is in the front end. On the other hand, if the
signal is simply flat and weak, without much snow, the trouble is more
likely in the latter portion of the video i-f amplifier, the video detector,
or the video amplifier, rather than in the front end.

9-12. Ghosts

The term ghosts is applied to repetitions of the picture on the screen,
these repetitions being somewhat delayed in phase as compared with
the main signal. Figure 9-23 shows typical examples of ghosts. Besides
the main reproduction of the pattern, there is an additional reproduc-

(A) (B)

Fig. 9-23. Examples of ghosts.

(A) Courtesy: G.E.
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tion, called a “ghost,” slightly to the right. The ghost results from the
reception of the signal twice, the second reception being a moment later
than the first.

Most cases of ghosts are caused by the reception of reflected signals
in addition to those received over a direct path from the station. Such a
situation arises where there is a mountain, large building, or other large
object located to one side of the direct path between the transmitter and
the receiving location. The ghost signal travels first to this object, is
reflected from it, and then arrives at the receiving antenna a microsecond
or so after the direct signal from the transmitter to the receiver.

Ghosts often are a result of the character of the terrain and develop-
ment of the surrounding area, and thus nothing basic can be done to
eliminate them. However, an antenna which is reasonably directive can
usually be oriented so as to minimize ghosts in a given location. Antenna
height is another means of minimizing ghosts; the higher the antenna,
the less susceptibility to this trouble.

Ghosts sometimes result from troubles within the receiver itself.
For example, if one or more stages in the video signal path tend to be
unstable, and the response curve develops a peak (or high spot), ghosts
and a negative picture may result, as shown in Fig. 9-23 (B). In this case,
check for faulty tubes, by-pass capacitors in the video i-f amplifier, and
decoupling networks. Also check the alignment of the video i-f amplifier
stages. Sometimes misalignment of stagger-tuned circuits becomes such
that two of the circuits resonate at nearly the same frequency, thus
peaking the response curve at that frequency. If the receiver’s contrast
control is located in the video i-f amplifier, its adjustment may vary the
severity of the ghosts.



Chapter 10

SOUND TROUBLES

j n previous chapters, we have emphasized the indications on the

picture-tube screen, and assumed in most cases that the sound was operat-
ing satisfactorily. In this chapter we consider the types of troubles we
are likely to meet which primarily affect sound reception.

10-1. The Sound Path

In order to troubleshoot in cases of sound troubles, we should keep
clearly in mind the path through which the sound signals must pass
in order to be properly reproduced. The complete sound paths for (A)
splitsound and (B) intercarrier receivers are shown in Fig. 10-1. In
the split-sound type, the sound signal is intercepted with the video
signal by the antenna and applied to the tuner. It appears at the output
of the tuner as a sound i-f signal 4.5 mc lower in frequency than the
video i-f signal, which also appears at that point. In some receivers
the sound i-f signal is separated at this point and fed to the sound i-f
amplifier, as indicated by the solid line in the illustration. In other
split-sound receivers, the sound i-f signal is amplified together with the
video i-f signal in one or two stages of the video i-f amplifier before being
separated, as indicated by the dashed line. The sound i signal is then
applied to the sound i-f amplifier, demodulated in the sound detector,
and the resulting a-f signal is amplified in the a-f amplifier and fed to
the loudspeaker.

Now consider the intercarrier circuit shown at (B) of Fig. 10-1. The
action of the antenna and front end is the same as in Fig. 10-1 (A). How-
ever, the whole video i-f amplifier is designed to amplify both the sound
i-f and the video if signals and applies both of them to the video
detector. In the video detector they mix (heterodyne) to produce a third
signal, which has a carrier frequency of 4.5 mc, the difference between
the carrier frequencies of the two i-f signals. The 4.5-mc carrier is
frequency-modulated by the audio signal and, in addition, is amplitude-

114
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Fig. 10-1. Complete sound signal paths for (A) split-sound type and (B) intercarrier
type TV receivers,

modulated to some extent by the video signal. The a.m. is removed by
the limiting action of the succeeding sound stage. The i-f sound signal of
4.5 mc is amplified in the sound i-f amplifier and demodulated in the
sound detector. The resulting a-f signal is then amplified in the a-f
amplifier and applied to the loudspeaker.

10-2. Sound Paths when the Picture Is Normal

We have considered the path of the sound signals through the two
main types of receiver circuits. For sound troubles in general, the
source may be anywhere in this over-all path. However, sound troubles
frequently occur when there is no trouble with the picture. When this
is the case, we can eliminate from our trouble area the portion of the
sound path shared with the video signal. If the picture is received
satisfactorily, then those portions of the sound path which also carry
picture signals can be assumed to be operating properly.
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By eliminating the sections in which both signals are handled, we
reduce our sound trouble area for each type of receiver to that shown
in Fig. 10-2. In both cases, the tuner section can be eliminated, since
it must operate properly for either sound or picture to be received. In
the split-sound type (A) we can also eliminate any video i-f amplifier
stages which carry sound i-f signals also, since they must be working
properly to produce a good picture. So, in (A) we have only the sound
i-f amplifier, sound detector, a-f amplifier, and loudspeaker in the trouble
area for sound trouble and good picture.

In the intercarrier case we can eliminate, besides the tuner, the
video i-f amplifier, video detector, and video amplifier stages which carry
both sound and picture signals. We thus have left the 4.5-mc sound i-f
amplifier, the sound detector, the a-f amplifier, and the loudspeaker.
It is interesting to note that, when there is trouble with the sound but
picture reception is normal, the trouble area for either type of receiver
is the same, except that in the split-sound receiver we are dealing with a
high-frequency i-f signal, while in the intercarrier type we have a 4.5-mc
signal. In either case we can concentrate on a sound i-f amplifier and
detector, an a-f amplifier, and a loudspeaker.

TO
TJUNER TO VIDEO
1" iF AMPL
LOUDSPEAKER
HIGH-FREQ
SOUND SOUND AF
IF DET AMPL
AMPL
.|
(A) SPLIT-SOUND
TO VIDEO DET
OR VIDEO AMPL
LOUDSPEAKER
4.5-MC
SOUND SOUND AF
IF DET AMPL
AMPL

(B) INTERCARRIER

Fig. 10-2. Shows resulting limited sound signal paths ofter sections which shore sound
and picture signals have been removed. These are oppropriale wouble ereas for cases
in which the picture is good but the sound reception is nat satisfoctory.
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The above reasoning is 99 percent true. However, we must recognize
the possibility of rare exceptions to some of the assumptions we have
made. For example, it is almost always true that a video i-f amplifier
designed to carry sound signals also, must pass sound properly if it passes
picture. But there is always a slight possibility that the response of the
video i-f amplifier has changed so that the sound signal is not passed
properly, although the picture signal is. This is not considered in ordi-
nary troubleshooting, since it is extremely rare, but should be kept in
mind for any persistent cases, when the ordinary conclusions do not seem
to hold valid.

Let us now consider a few of the most common types of sound
troubles, and how they can be most easily remedied in the customer’s
home.

10-3. Lloudspeaker Dead, Picture Normal

In this case, we have determined that there is no sound at all from
the loudspeaker. However, it is well to double-check and see whether
there is evidence of a weak hum or slight random noise emanating from
the speaker when the ear is pressed close to it.

Complete silence is most likely to arise from troubles nearest to
the loudspeaker, so that is the best point at which to start. The easiest
first test is to place the finger on the grid contact of the a-f output
amplifier or the first a-f amplifier tube, and see whether there is a strong
hum or noise from the loudspeaker. If there is a response from the output
tube, but not from the first a-f amplifier stage, then the trouble is probably
in the first a-f stage. If there is no response from either, be sure you have
listened carefully when the output grid was touched, because the response
is not usually so loud from this stage since there is less amplification. If
there is definitely no response from either stage with this test, then the
likelihood is that the trouble is in the output stage.

A test of the loudspeaker is then in order. Most of the late-model
receivers employ PM loudspeakers. It is very easy to test these, especially
if a replacement speaker is carried on service trips. The two leads to the
speaker usually fit into two small tip jacks, and these leads can be removed
and connected to clips on the test speaker. The output transformer is
ordinarily mounted on the receiver chassis, and the leads to the speaker
can be connected directly to the voice-coil leads of a PM speaker. If an
electrodynamic speaker is used, provision must be made for connection
of the field, in addition to the voice-coil leads.
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If the grid tests fail to indicate trouble in the a-f amplifier section,
that is, if there is ample loudspeaker response when the grids are
touched with the finger, then we must look farther back into the circuit.
The remaining tubes that might be involved are the sound detector and
the audio i-f amplifiers. In most receivers this amounts to a maximum of
three tubes for intercarrier types and four tubes for the split-sound
receivers. This is a small enough number to warrant tube tests by re-
placement at this point. Try replacing each tube, from the a-f section
back through the detector and the i-f amplifiers.

If the tube check does not reveal the trouble, then signal injection
tracing is in order. Usually, it is not practicable to carry a signal genera-
tor on service trips although it may not be too difficult to keep one in
the truck, so that if this situation arises, a quick stage-by-stage check can
be made. However, a pair of headphones makes a good instrument for
signal tracing the a-f section in the field. In the shop a signal tracer,
vacuum-tube voltmeter, or oscilloscope should be available for the
purpose.

The method of signal injection is, of course, the standard one for
any radio receiver and the details of it are beyond the scope of this
book. Briefly, we simply feed a signal of sound intermediate frequency
into the grid of the last sound i-f stage. If there is an output, we move
back to the next-to-last sound i-f stage grid, etc. Although the sound
section is designated to receive FM, an amplitude-modulated signal will
also work for this test. For intercarrier receivers, the frequency should be
4.5 mc; for split-sound receivers the frequency should be that specified
for the sound i-f in the service data.

10-4. No Sound on Some Channels, Picture Normal

This symptom can be corrected by oscillator frequency adjustment.
The picture reception will remain satisfactory over a much wider range
of adjustment of local-oscillator frequency than will the sound. Thus, if
the fine-tuning control must be adjusted to one extreme of its range to
obtain a picture and the sound for the channel is still not received, then
the oscillator trimmer for that channel must be readjusted. Frequently,
these trimmers are accessible from the front of the receiver, as illustrated
by the diagram of Fig. 10-3. When the front escutcheon is removed, holes
for the alignment tool to be inserted are revealed. There is usually some
mechanical arrangement which prevents the adjustment of any channel
except the one for which the selector switch is set.
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To adjust a given channel, set the selector for that channel. Then
adjust the fine-tuning control to the middle of its range and insert the
alignment tool. Adjust the trimmer until proper sound reception results.
With proper reception occurring in the middle of the fine-tuning control
range, there is room to allow for oscillator drift either way. The same
procedure is repeated for each channel that requires adjustment.

e e —

STATION SELECTOR
FINE TUNING

Fig. 10-3. Typical front-panel
adjustment locations for ad-
justing oscillator trimmers to
restore sound reception on
chonnels for which the os-
cillator has drifted.,

Courtesy: RCA

OSCILLATOR ADJUSTMENT
FOR CHMANNEL NUMBER

TO REMOVE ESCUTCHEONM, SLIDE
SPRING CLIP TO LEFT

If there is sufficient range to the oscillator trimmer, there may be two
points at which reception of sound is possible. However, only one will
give proper picture reception, so the picture must also be noted while
the adjustments are being made.

Of course, the above procedure is appropriate only for receivers
with channel selector switches. Receivers that have continuous-coverage
tuners do not suffer from this trouble, since the oscillator is continuously
adjustable in frequency by the main tuning dial.

10-5. Sound Distorted and Weak when Picture Is
Adjusted for Best Reception

This condition may be caused by misalignment of the discriminator.
The adjustment of the discriminator (or ratio detector) is quite critical
and must be in harmony with the peak response of the sound i-f amplifier.
The tuned circuits in the discriminator may drift, that is, change their
resonant frequencies over a period of time, and thus become misaligned.
If the variation is considerable, the strongest signal from the sound i-f
amplifier may be obtained at a frequency different from that at which
the discriminator is peaked, and distortion result. The situation is more
critical in intercarrier receivers, because adjustments in the exact value
of the sound intermediate frequency cannot be made as in the split-sound
receivers. In intercarrier receivers, the sound intermediate frequency
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is determined by the frequency difference between the received sound
and video carriers, and these are rigidly controlled at the transmitting
station. Thus, the sound intermediate frequency remains at exactly
4.5 mc regardless of receiver adjustments. If the discriminator adjust-
ments drift, the only remedy is in the readjustment of that circuit, since
the sound intermediate frequency cannot be adjusted by fine tuning as
in split-sound receivers.

10-6. Intercarrier Buzz

In intercarrier receivers the sound i-f signal of 4.5 mc is the result of
the mixing of the high-frequency sound and video i-f signals at the video
detector. The sound modulation is kept predominant in the 4.5-mc i-f
signal by keeping the relative amplitude of the sound carrier in the high-
frequency sound if section small as compared to the video i-f carrier
amplitude.

However, suppose the amplitude modulation of the video carrier
reaches or exceeds 100 percent. Then the video carrier actually goes to
zero amplitude on modulation peaks. Since the modulation of the video
signal is negative (maximum values of video signal correspond to mini-
mum values of carrier), the momentary zero values of the video carrier
occur during the sync pulses, which are the peaks of modulation. When
the video carrier is thus interrupted, the 4.5-mc beat signal must also be
interrupted. Since the sync pulses occur at the rate of 60 cps and 15,750
cps, the interruptions are actually a heavy pulse modulation of the 4.5-
mc sound i-f carrier. Both the ear and the receiver a-f section have a very
limited response at 15,750 cps, so the main effect of this modulation is a
loud 60-cps buzz in the loudspeaker output. This is frequently referred
to as intercarrier buzz.

As has just been explained, intercarrier buzz can be caused by over-
modulation of the received station’s video carrier. Thus, when it is
heard, it is well to note whether the buzz is heard on other stations, and
whether it varies with change of programs. If it is present on all stations,
and most of the time, then the trouble, of course, must be in the receiver.

A number of troubles, especially in the video amplifier and video
detector, can result in the same effect as overmodulation of the video
carrier or interruption of the 4.5-mc i-f carrier. Therefore, when inter-
carrier buzz is encountered, check the video detector and video amplifier
tubes, and all the tubes in the sound i-f, detector, and a-f amplifier sections.
Check the video detector, video amplifier, sound i-f amplifier, and sound
detector circuits carefully. Check the adjustment of the discriminator,
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or ratio detector, and make sure that the coils or tuned circuits in this
section are not shorted or defective. Look also for peaking circuit trouble
or defective coupling capacitors.

10-7. Weak Sound, Picture Normal

When the sound reception is weak, it is well to note whether random
noise is present. Random noise is a background rush, or hiss, present
when the gain of a receiver is high and there is no received signal or
only a weak received signal. For weak signals, or no signals, it is quite
normal to have a fairly strong random noise present when the contrast
and volume controls are well advanced. The noise is the result of mole-
cular action in resistances (thermal noise) and random electron flow
variations in the electron streams of vacuum tubes (shot effect). Since
these voltage variations are minute, they become audible only when
there is a number of tubes and amplifier stages present. Most of the
random noise originates in the front end of the TV receiver, although
some 1is also derived from later stages.

Now, suppose the weak sound reception is experienced with some
random noise present. It can then be expected that the sound section
is operating back several stages from the loudspeaker, and probably back
to the sound take-off point, at which the sound i-f signal is separated
from the video i-f signal.

Another quick check is obtained by manipulation of the volume
control. If the weak sound is not affected by the volume control, then
the sound signal may be by-passing the control or perhaps the whole
first a-f amplifier circuit. If the cause is an open volume control, there
may be a hum or squeal present because of improper grid circuit condi-
tions in the first a-f amplifier grid circuit.

Weak sound, of course, can also be caused by improper alignment
of the sound i-f amplifier or detector sections, or by the sound i-f trap
which is used to separate the sound i-f signal from the video i-f signal.
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Approach, troubleshooting, 45-52

Audio amplifier, 30

Automatic frequency control, 25-27,
107-108

Automatic gain control, 64

Bar, on screen, 108-109

Bar generator, 57-59

Bifilar windings, 5

Blanket interference, 107

Blocking oscillator, transformer, 95

Blooming, 102-103

Brightness, 28, 50, 54-55, 64-65, 71,
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Burning, of components, 49

Buzz, intercarrier, 120-121

Capacitance, on schematic diagram, 2-3
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Centering, 73
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Chassis, whether to pull, 51
Circuit description, 14
Clipper, 25-26
Color code, wiring, 12
Conduct, of technician, 47
Contrast, 53-54, 63-64
Controls, 8-9, 60-74

brightness, 64-65

channel selector, 62-63

contrast, 63-64

fine tuning, 62-63

focus, 66-68

horizontal hold, 68-69

linearity, 69-71

location of, 60-61

size, 71-73

vertical hold, 69

width, 71-73
Cross-hatch generator, 38, 57-59
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Customer, questioning, 47-48

Data, service, 1-14, 33

Dead loudspeaker, 117-118

Dead receiver, 49, 85-90
definition, 85
general considerations, 85-86
heaters glow overbrightly, 88-89
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Dead receivers (cont’d)
all heaters operating, 87-88
no heaters operating, 89-90
some heaters operating, 88-89
summary, 90
Deflection, 24-25, 49-50, 74
Detector section, 21-22
Detector, sound, 29-30
Detent, of switch, 11
Deterioration of antenna, 111
Diagram
of adjustment locations, 14
of controls, 8-9
schematic, 1-4
tube location, 6-7, 76-78
Discriminator, misaligned, 119

Electrolytic capacitors, 32
Equipment, 34-44

Evidence, interpreting, 52
Examining the receiver, 48-49

Field strength meter, 36-38, 110
Field vs shop, 51-52

Filter, high-pass, 105-106

Fine tuning control, 62-63
Fly-back supply, 28-29

Focus, 55, 66-68, 74, 102-103
Front end, 18-20, 116

Ghosts, 112-113

Headphones, 39

Heater connections, 13-14
Heaters, 86-90

High-pass filter, 105-106

High voltage, 24-25, 28-29, 49, 92-93, 103

Hold controls, 27, 68-69
Horizontal afc, 25-27
Horizontal deflection, 49
Horizontal hold control, 68-69
Horizontal line on screen, 93-94
Horizontal output tube, 93
Horizontal size control, 71-72
Horizontal sweep, lack of, 95-96
Horizontal sync, lacking, 99-100
Hum, 108-109

Ignition noise, 107-108
Image interference, 106-107

Inductance, on schematic diagram, 2-3

Intercarrier buzz, 120-121
Intercarrier circuit, 114-115



Intercarrier receivers, 15-17, 21, 22, 29-30
Interference, 20, 51, 103-108
blanket, 107
from ignition noise, 107-108
image, 106-107
Interlace, 56, 100-101
Intermediate frequency amplifiers, 16-17,
29-30, 78
Interwound transformers, 5
Ion trap magnet, 73-74

Keystoning, 102
Kick-back supply, 28-29
Kit, for tools, 3»

Lead-in, 18

Line voltage, 27, 71-72

Linearity, 50, 55, 69-71, 101-102

Local oscillator, 18-19

Loudspeaker, 30, 39, 49, 117-118
Low-voltage power supply, 30-33, 88, 109

Magnet, ion trap, 73-74
Maintenance of tools, 39
Mechanical adjustments, 73-74
Mixer, 18-19

Moire effect, 56

Noise, ignition, 107-108
Noise, random, 110-112
Nonlinearity (see Linearity)

QOscillator, local, 18-19
Oscilloscope, 39, 94, 99
Overheating, 49

Parts, replacement, 36

Philosophy, of troubleshooting, 45-46

Picture, blooming, 102-103

Picture, distortion, 91-113

Picture, distortion, 91-113

Picture, importance of indications, 91

Picture, sound path when normal,
115-117

Picture tube, 24, 49, 92

Power supply, high-voltage, 28-29, 49

Power supply, low-voltage, 30-33, 88, 109

Power supply, transformerless, 31-32

Preliminary observations, 45-52

Pulses, sync, 25-27

Questioning the customer, 47-48
RTMA, color code, 12

Radio frequency amplifier, 18-20
Raster, 24, 49, 50, 53, 72, 78, 91-113
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Receivers
dead, 49, 85-90
examining, 48-49
intercarrier, 15-17, 21, 22, 114-115,
120-121
sections, 15-33
split-sound, 15-17, 114-115
transformerless, 88
tubes in, 78-79, 80-84
types and models, 1
Replacement parts, 36
Resistance, loading, 22
Resistance, on schematic diagram, 2-3
Resolution, of test pattern, 56-57
Rotor, of switch, 11

Schematic diagram
development of, 1
labeling values on, 2-4
pin numbers on, 7-8
waveforms on, 13
Screen,
black bar on, 108-109
dark, 91-93
horizontal line on, 93-94
importance of indications, 91
point of light on, 96
raster but no picture, 96-99
vertical line on, 95-96
wavy horizontal line, 95
Sections, of receivers, 15-33
Service, starting, 46-47
Service data, 1-14, 33
Shield can, on schematic, 5
Shop vs field, 51-52
Size controls, 71-73
Snow, in picture, 109-110
Socket connection numbers, 7-8
Soot, on antenna lead-in, 111
Sound,
detector, 29-30
distorted, 119-120
i-f amplifier, 29-30, 78
lacking on some channels, 118
normal but screen dark, 91-93
path, 114, 115-117
troubles, 114-122
weak, 110, 119-120, 121
Split-sound receivers, 15-17, 21, 22, 114
Stagger tuning, 22, 113
Sweep, failure of, 24-25
Sweep circuits, transients, 102
Switches, 9-11
Sync amplifier, 25
Sync circuits, 25-28
Sync,horizontal, 99-100
Sync separator, 25
Sync troubles, 51, 99-101
Sync,vertical, 100
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Test instruments, 36-39, 43-44
Test pattern, 51, 53-59
Test pattern, indications, 53-59
brightness, 54-55
contrasg, 53-54
focus, 55
interlace, 56
linearity, 55
resolution, 56-57
why used, 53
Test speaker, 39
Thermal cut-out, 32-33
Tools, 34-44
Tool kit, 35
Transformerless power supply, 31-32
Transformerless receivers, 88
Transients, deflection circuit, 102
Traps, 5, 20
Triode, dual, in mixer-oscillator, 18-20
Trouble conditions, types, 46
Trouble indications, 49-51
Troubleshooting
approach, 45-52
basic philosophy, 45-46
controls in, 60
cross-hatch pattern in, 53-59
process, 45
test pattern in, 53-59
Tubes, (see Vacuum tubes)
Tube layout, 76-78
Tube location diagrams, 6-7
Tube socket connection numbers, 7-8
Tuner, 18-20, 116

Vacuum tubes, 36, 75-84
checking, 79-81

Vacuum tubes (cont’'d)
checks, when to make, 75-76
functions of, 83-84
heater-cathode leakage in, 109
horizontal output, 93
horizontal section, 93
layout of, 76-78
localizing troubles, 76
tests of, 118
prevalence of troubles, 75
types in receivers, 78-79, 80-84
Values, on schematic diagram, 2-4
Variac, 27
Ventilation, 382-33
Vertical deflection, 49
Vertical hold control, 69
Vertical line on screen, 95-96
Vertical size control, 72
Vertical sweep,
lacking, 93-94
interlace troubles, 100-101
Vertical sync, lacking, 100
Video amplifier section, 23-24
Video i-f section, 21-22, 78
Volt-ohm-milliammeter, 36

Wafers, switch, 9-10

Want book, 39

Waveforms, 13

Weak signal, 18, 28, 38, 51, 109-112
Weak sound, 110, 119-120, 121
Width control, 71-73

Wiring color code, 12

Yoke, deflection, 74



