






























































































































































































































































To check such a system without the use of the ’scope would be
impossible, since voltage measurements alone give no indication of

50K 100K

IMEG &
— +

Fig. 604—A 15,750-cycle multivibrator and amplifier. This is very com-
mon in the less expensive television receivers.

distortion, unbalanced output, nonlinearity, etc. With the ’scope, the
procedure is both simple and effective.

Horizontal Oscillator, Television Receiver

1. Allow equipment to warm up.

2. Connect vertical input to c.r.o. between output plate of multi-
vibrator and ground (point V and ground on Fig. 604).

3. Adjust c.r.o. controls for normal pattern on the screen.

4. Set ’scope sweep to approximately 4,000 cycles. Since the hori-
zontal oscillator operates at 15,750 cycles, approximately 4 cycles
will appear on the screen,

NOTE: It is advisable to make this test with the oscillator at
15,750 cycles. If for any reason the horizontal hold control has
been disturbed, it can be reset by tuning in a station and adjust-
ing the hold control until the picture stops moving across the
screen. Another method is to match this against an audio signal
generator set to 15,750 cycles.

Fig. 605—Saw tooth as it should
appear on the car.0. screen. The
flyback lines should be very faint.
The zero line (X-axis) should not
be visible at all. The ends of the
teeth should not be rounded off.

5. Observe output wave form on oscilloscope. Tt should look al-
most exactly like Fig. 605. If any marked differences exist, the
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multivibrator circuit is at fault. Both the components and po-
tentials should be checked.

6. Move the vertical oscilloscope terminals to the grid of the first
amplifier (V; in Fig. 604). Check appearance of saw tooth. If
any distortion exists, the coupling condenser is probably defec-
tive. The size of the saw tooth at this position should be about
the same as in step 5.

7. Repeat the test at the plate of the first amplifier (X in Fig. 604),
the grid of the second amplifier (X, in Fig. 604), and the plate
of the second amplifier (Y in Fig. 604). Distortion at any of
these test points indicates a defect in either a component or a
tube, or both. Of course, in going from the grid of a tube to the
plate of the same tube, an increase in the size of the saw tooth
should occur, due to the gain in the tube.

8. Compare the size of the saw tooth at the first and second am-
plifier plates. They should be the same size within about 3%.
Any greater discrepancy will result in crowding of one portion
of the picture. Trouble shooting and correction are in order,
until the plates are balanced.

RENT

CUR

TIME

Fig. 606—Saw-footh wave
shape of current in deflec-
tion yoke.

Vertical Amplifier, Oscillator

The procedure is exactly the same as for the horizontal circuit,
except that the sweep frequency is 60 cycles, instead of 15,750. The
c.r.0. sweep should be set as low as possible, preferably around 20 cycles.
At frequencies below 20, the flicker becomes objectionable and makes
observation difficult.

Magnetic-Deflection, Wave-Shape Checking

In the larger television receivers (and even in some of the better
7-inch sets) electromagnetic deflection is used. Here the current wave
shape in the yoke is a saw-tooth, while the applied voltage looks like
Fig. 607-c. However, the procedure for wave-form checking is practically
the same as in the electrostatic system. A simple guide to correct wave
shapes is shown in Figs. 607-a through c. Beginning with Fig. 607-a,
we see first the output wave form of the blocking oscillator described in
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Chap. 3, the pulse at the grid of the discharge tube (Fig. 607-b), and
finally the output of the discharge tube (Fig. 607-c) which is the input
to the deflecting yoke.

!

=z

& Fig. 607-a—Plate current pulse as a re-
] sult of grid voltage shown in Fig. 607-b.
o
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To examine these wave shapes on the ’scope, set its sweep to about
20 cycles for the vertical-deflection circuits, and about 4,000 cycles
for the horizontal. Then connect, in sequence, the vertical input termi-
nals between ground and 1, plate of oscillator output, 2, plate of dis-
charge tube (if it is a separate tube) and finally, 3, across the deflect-
ing yoke.

Any serious deviation from the standard patterns should be cause

TIME

~4—VOLTAGE—>

Fig. 607-b—Shape of blocking oscillator and discharge
tube grid wvoliage curve for two cycles of operation.

for investigation of the particular circuit, since deviation will cause dis-
tortion, nonlinearity, etc., on the television screen.

Checking Synchronizing Pulses

Another check which must be done with the oscilloscope is the ob-
servation of synchronizing pulses and the pulse-clipping action in the
television receiver. Inadequate clipping will appear in the form of

Fig, 607-c—V oltage across
deflecting yoke which will
produce a current in the
yoke like that of Fig. 606.

VOLTAGE

TIME

waviness of the test pattern (as well as the picture), indicating that
video signals are allowed to enter the sweep circuits. Improper clipping
may result in poor holding (picture drift). The synchronizing pulses,
instead of the video signal, are clipped, leaving little or no synch pulses
at the input to the sweep generating circuits,
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Fig. 608 shows the various types of video-synch signals. In Fig.
608-a, the combined video and synch signal is shown. In Fig. 608-b
we see the signal after correct clipping—the synch pulse without the
video. Wrong clipping, in which the synchronizing pulse has been re-
moved and the video left, is shown in Fig. 608-d.

To check these phenomena with the oscilloscope, set up the equip-
ment as for horizontal or vertical pulse viewing. Then, with the aid
of Fig. 608, view the pulse at the following points by applying the
vertical input terminals to:

1. Output of the video amplifier—this should show the combined
signal. (Fig. 608-a)

2. Output of the synch amplifier—clipping takes place here, hence
the video should be substantially removed. (Fig. 608-b)

H-PULSES
EQUALIZING
V-PULSES
(SERRATED)
EQUALIZING

SIGNAL VOLTAGE
PULSE VOLTAGE
H-PULSE

%

TIME TIME

V-SYNCH. PULSE
AFTER INTEGRATION

o]
H-SYNCH. PULSE 2
(AFTER DIFFERENTIATION) §

TIME

Fig. 608-a (upper left)—Combined signal (video and synch) after detection.
Fig. 608-b (upper right)—Swnch pulse after clipping (output of clipper stage.)
Fig. 608-c (lower left)—Input to horizontal and wvertical sweep oscillators.
Fig. 608-d (lower right)—Wrong clipping. Here the synch pulses (dotted) have
been removed, leaving only the picture signal. Resuli—no picture “locking”.

VOLTAGE

3. Output of synch separator—both pulses (H and V) appear
here twithout the video.

4, Input to the horizontal oscillator—only the horizontal pulse
should appear. (Fig. 608-c.)

5. Input to the vertical oscillator—this will show the vertical synch
pulse only. (Fig. 608-c)

Remember, that individual variations in manufacturers’ designs
may call for somewhat different techniques. The best advice in addition
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to the information in this book is: Follow manufacturers’ procedures
as far as possible. They save time and trouble.

Percentage Modulation, Ham Transmitters

There are two main types of test patterns used in checking modula-
tion percentage. Both are easy to obtain and the choice is entirely with
the individual user. It is often advisable to check by both methods, since
neither one alone shows to best advantage in all cases.

The modulation-envelope method is the simpler of the two. The
pattern obtained depends on the oscilloscope sweep, and requires only
one type of signal to be picked up from the transmitter. To check for
the modulation envelope:

1. Allow equipment to warm up.

2. Wind a small coil of fairly stiff, self-supporting wire (No. 18
bell wire will do nicely) and couple it to the modulated amplifier
tank circuit. Connect the open ends of this coil to the vertical
input terminals of the ’scope. See Fig, 609 for details.

3. Set horizontal and vertical gain controls on the ’scope for proper
picture size. Also, adjust size by varying coupling of pickup
coil to tank circuit. Use fairly loose coupling for best results.

4. Set sweep frequency for about one-third the modulating fre-
quency. If the audio is 600 cycles, for example, the sweep should
be approximately 200 cycles. Incidentally, if the modulating

MODULATED
RF. AMP.

»—OUTPUT
TANK @

Vv
L AP T
= 2 TURN LOOP [} ©
FROM B+ -

IN SERIES WITH MODULATOR
OUTPUT TRANSFORMER

Fig. 609—Method of coupling to

c.r.0. for the “modulation envelope”

method of percentage modulation
checking.

frequency is a steady note, there will be no difficulty in correct-
ly adjusting the modulation. With ordinary speech, modulation
is not constant, thus making it difficult to adjust for the proper
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level. Any tone below 4,000 cycles will be satisfactory. Adjust
c.r.o. synch control for pattern locking on the screen.

. Increase or decrease audio gain, as may be required, until the

minimum carrier amplitude is zero. See Fig. 610-b. This is
indicative of 100% modulation. Overmodulation is indicated
by gaps on the c.r.o. screen (as in Fig. 610-c), while undermod-
ulation appears as in Fig. 610-d, the carrier beihg above zero.
For comparison, Fig. 610-a shows the carrier intact, without
modulation. Fig. 610-b, ¢ and d represents modulation by com-
plex waves. Pure tone (sine-wave) modulation would have
produced sine-wave modulation envelopes, assuming no
distortion.

. As a final check, remove the steady audio-modulating note and

substitute the microphone. Speak into the mike in a normal
tone of voice. The modulation envelope should vary between

Fig. 610-a—Carrier without modula-

tion. b—Carricr 100% modulated

a ¢ (minimum amplitude sero). c—Owver

100% modulation—note blank space

along zero axis. d—Under 100%

modulation: carrier never reaches
zero at audio frequencies.

b

Figs. 610-a and 610-b, indicating modulation up to, but not ex-
ceeding 100%. Average modulation levels should always be
below 100%. However, since the proximity of the microphone
to the speaker has an effect on the modulation (audio output),
no exact procedure can be given for all cases. A good sugges-
tion, and one which is always safe (overmodulation may cause
spurious radiations which are prohibited by law) is to whistle
a steady note into the microphone. Only at the loudest level
should the modulation kick up to 100%. In other words, keep
the mike gain control set so that, with the microphone kept at
the usual distance from the speaker, the loudest steady note
barely reaches 100% modulation.



For trapezoidal-pattern modulation checking, the procedure is the
same as for the envelope method outlined above, except that you:

1. Set the oscilloscope sweep generator to OFF.

MODULATED RF.
AMPLIFIER

OUTPUT TANK.
»—SMALL COIL CRO

o

MODULATOR

4=

Fig. 611—Method of coupling to c.r.o. for trapesoidal
pattern modulation check,

2. Feed a portion of the modulating voltage to the horizontal input
terminals of the c.r.o. This can be a small audio voltage taken
across a suitable resistor in the modulator circuit. See Fig. 611
for details.

3. Adjust ’scope controls for normal pattern.

4. With a steady note into the microphone (or any other input to
the modulator, such as a phonograph record), observe the pat-
tern on the cathode-ray screen. Figs. 612-a through d show
various stages of modulation from zero to over 100%.

5. Make a final check with the microphone, as in step 6 of the
modulation-envelope procedure above. Remember, 100% mod-
ulation is a level seldom to be reached, and never to be exceeded!

> > Ee

Fig. 612——Tra[tezqidal patterns. 6—100% modulation; b—over modulation,
c—under-modulation; d—amplitude distortion; e—regeneration in class-C
stage; f—another form of evidence that regeneration is present.

Here are a few common transmitter troubles and methods of de-
tecting them. The setup for the following cases is the same as for the
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modulation checks just concluded. We shall use the trapezoidal test
pattern for analysis.

Distortion, Over- and Undermodulation

Using the trapezoidal method of testing modulation, 100% modula-
tion, overmodulation, and undermodulation are illustrated in Figs.
612-a, 612-b, and 612-c, respectively, while amplitude distortion is shown
in Fig. 612-d. In Fig. 612-a 100% modulation is indicated by the trap-
ezoid in which the maximum height AB is twice the height of the un-
modulated carrier. Overmodulation results in length AB being more
than twice carrier height, while the width of the trapezoid is foreshort-
ened, as in Fig. 612-b. In undermodulation, the height is shorter than
twice the carrier, while the width, although foreshortened, does not re-
duce to a point. See Fig. 612-c.

In practice, where complex waves rather than pure sine waves are
the usual modulating voltages, overmodulation is the more troublesome,
since it causes spilling over into adjacent frequency channels, particu-
larly on the downward modulation peaks. As shown in Fig. 612-b,
upward overmodulation increases the height of AB, while downward
overmodulation causes an extension along the horizontal axis x.

To remedy overmodulation in the downward direction, reverse the
connections to any one winding of an audio transformer. This reverses
the phase of the modulating voltage. In addition, reducing the audio
input is a general remedy for overmodulation. Where a pure sine wave
instead of a complex audio voltage is used for modulation, reducing the
audio alone is sufficient, since in this case there is no unbalance between
positive and negative modulation peaks.

Regeneration in a Class-C Stage

Regeneration in a class-C stage may be due to a number of faults,
such as no neutralization or faulty bypassing. On the ’scope screen, evi-
dence of regeneration may be a distorted trapezoidal pattern, as in Figs
612-e and 612-f. When regeneration is due to faulty bypassing, it is best
to leave the setup intact and replace one at a time the suspected com-
ponents until the trouble clears up. Should bad neutralization be re-
sponsible, the procedure is somewhat different. In such a case, proceed
as below (neutralizing an r.f. amplifier) and check the pattern after
neutralization is completed.

Neutralization of the Class-C R.F. Stage
1. Set up the equipment as for modulation envelope test.
2. Remove source of modulation.
3. Open the plate supply to the stage being neutralized.

4, Connect the oscilloscope vertical terminals in series with a
100-puf condenser across the plate tank of the same stage,
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5. Comnect the horizontal input terminals through a similar con-
denser across the grid circuit of the same stage.

6. Tune the grid circuit for marimum horizontal deflection.

7. Tune the neutralizing condenser for mininian vertical deflection,

8. Repeat steps 6 and 7 until the neutralizing condenser tuning
produces as necarly sero vertical deflection as possible.

Figs. 613-a and 613-) show, respectively, a neutralized and an un-
neutralized stage. Fig. 613-c shows a double-frequency pattern (second
harmonic) usually due to either improper plate and grid potentials or
incorrect tuning, or both, A check on voltages as well as retuning is
indicated in such a case. Imiproper tuning of the plate circuit may some-
times give rise to phase shifts, as illustrated in Figs. 613-d and 613-e.
Ordinary voltmeter or r.f. ammeter measurements in such cases are
obviously useless. The oscilloscope is the only simple means of detection
as well as correction of such “bugs” in amateur equipment.

008090

Fig. 613-a—Ncutralized class-C r.f. stage pattern. b—Unneutralized class-C
stage. c¢—Presence of second harmonic, due to improper potentials or de-
tuning. d and e—Improper tuning of plate circuit,

Trouble Shooting With the Cathode-Ray Oscilloscope

The first half of this chapter was directly concerned with measure-
ment, which is actually a form of trouble shooting. A measurement
made, either to check the correct operating conditions of a circuit or to
locate a fault, is truly a trouble shooting procedure. Thus, in checking
modulation and neutralization, we are really trouble shooting the modu-
lator, r.f. amplifier. and other stages. The examples that follow are
further instances of the same general tvpe, except that they assume
trouble to exist and then proceed to locate the trouble and apply remedial
measures.

Regeneration in LF. Amplifiers

Regencration is common to both video and audio if. circuits. Open
bypass condensers, poor ground connections, defective or inadequate
shielding, and overcoupling produce regeneration. In the audio channel
this may result in some “hash”, distortion, or otherwise poor quality of
sound output. Ixcept in severe cases, it will not, however, make recep-
tion impossible. But in video, even mild i.f. regeneration is sufficient
to ruin the picture beyond usefulness.
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To check for if. distortion, set up the equipment as for if. align-
ment, stage by stage. That means that the last if. stage is checked first,
then the preceding one, and so on all the way back to the mixer. With
the equipment so set up:

1.

Feed a signal to the grid circuit of the stage.

2. Observe the pattern on the ’scope. If the sides of the response

curve are fuzzy or jagged (see Fig. 614-b), either regeneration
or oscillation is present, depending on the degree of departure
from the smooth curve of Fig. 614-a.

Move the input signal back toward the mixer one stage at a time
and repeat this observation in each case.

NOTE: Where an i.f. gain control exists, as in the case of a television
contrast control, set it nearly all the way up (toward maximum gain) to
determine whether regeneration exists in this weak-signal position. A

VOLTAGE
VOLTAGE

AW
f f

Fig 614-a— (left)—Normal i.f. pattern. Smooth line is evi-

dence of no oscillation. b (right)—Fuzzy or fagged out-

line, indicating regeneration or oscillation in an i
amplifier.

slight trace of regeneration with the control a¢ maximum is permissible,
however, since a signal of acceptable strength will never require this
setting. Conversely, any signal so weak as to require maximum setting
of the contrast control is probably too poor for minimum acceptable

results.

The remedies for regeneration are varied. It is always advisable to
work with the schematic diagram on hand, as well as any other manu-
facturers’ data that may be available. In general, the following items
should be investigated:

1.
2.

3.
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Cathode, screen, and plate-return bypassing.

Excessive voltages at these elements, particularly on the screen
and plate.

Missing or poor shielding.

Poor ground connections. (A poor common ground between the
various pieces of test equipment and the receiver may give rise
to regeneration. Of course, this is a false alarm, but can cause
a lot of grief before it is discovered. Grounding must be good,
preferably at one point, on the receiver chassis.



5. Overcoupling.
6. Excessive signal input.

Remedial steps should be taken one at a time, with the setup intact
and while observing results of the remedies, as they are applied, on the
screen of the cathode-ray tube. While regeneration may be detected on
a plate milliammeter or a voltmeter, the use of these instruments instead
of the ’scope involves a lot of experience and care. Even then it is a hit-
or-miss method. In comparison, the oscilloscope is all but infallible.

Audio-Frequency Distortion

A defect in an otherwise good stage can cause over-all distortion.
This differs from uneven response, which was discussed earlier. When
an amplifier distorts on most or all frequencies, then a cure at any one
standard frequency will cure the amplifier for all frequencies. To ana-
lyze such a defect:

1. Allow equipment to warm up.

2. Apply a standard wave to the vertical input of the cro. A
Square-wave generator is very useful here, but a sine wave will
be satisfactory. If no audio oscillator is available, use 60-cycle
a.c. for this standard pattern (the 2.5-or 6.3-volt heater supply
of the amplifier will do very well).

3. Observe the wave shape at various settings of the oscilloscope
vertical gain control. This will provide a fidelity check on the
vertical amplifier, indicating whether any distortion is due to
this source. If the pattern looks like a good sine-wave shape,
then proceed to the next step. Otherwise, the vertical amplifier
needs attention, before it can be used for trouble shooting in
another piece of equipment.

4. Apply the sine wave (or the square wave, if that is used) to the
input of the amplifier under test, being careful to keep the ap-
plied signal level within the maximum rating of the amplifier.
Observe the output wave-shape. If this pattern differs con-
siderably from the pattern obtained in step 3, the amplifier is
distorting.

5. Repeat step 4 with individual stages of the amplifier, feeding the
signal to the grid circuit and connecting the vertical c.r.o. input
terminals across the plate circuit of the same stage, until the
offending stage is located. Unless the power supply is at fault,
the chances are that only one stage is responsible. Where the
fault lies in a common circuit such as the power supply, then
ordinary voltmeter-ohmmeter analysis will locate the trouble.

The following listing of different types of distortion gives the causes
and the resulting oscillograms.
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Fig. 615-a—a normal sine wave, either as it appears before ampli-
fication or at the output of a distortionless amplifier.

Fig. 615-b—the same sine wave with some distortion. The flatten-
ing of the positive peak is generally due to overloading of the
amplifier.

Fig. 615-c—more severe distortion, hoth on the positive and nega-
tive peaks. If there is no defective component in the circuit, the
fault is almost always overloading. Reducing the input signal
will cure the trouble.

Fig. 615-d—a form of distortion generally due to a shorted cathode
bypass condenser. \When two tubes in push-pull are involved,
the trace will appear as in Fig. 615-e.

A very common fault in old amplifiers which have had considerable
service is a leaky coupling condenser at the grid of any stage. Fig. 616-a
shows the circuit of the stage. If the oscilloscope’s vertical terminals are

VOV

Fig. 615- a—Normal sine-wave a.c.; no dzstortwn —I'Iattemnq of positive
peak due to overloading. c—Distortion of both positive and negative peaks.
Overloading is the cause, not @ defect in_the amplifier, d—Distortion due
to a shorted cathode bypass condenser. Grid is driven positive. Reduction
of input will not improve this wave shape. e—Same condition as at d,
except for two tubes. Here, too, reduction of signal input will not help

connected between point A and ground. and a normal pattern appears,
it means that the input signal is not distorted. Moving the high side of
the vertical input from point A to point B will include the coupling con-
denser in the circuit. A leaky coupling condenser C will cause the curve
illustrated by the dashed lines in Fig. 616-h. This is shown for a condi-
tion of overload, when the grid would normally go positive, The obvious
remedy is to replace the offending condenser.

Another cause of audio distortion is mismatching load impedance to
the output tube impedance. For normal conditions of loading, the output
sine wave, either at the plate of the output tube or across the speaker
voice coil, should look almost exactly like the input wave form, or a per-
fect sine wave. \When mismatching is severe, one of the following two
results is likely:

1. If the loading is insufficient (too high a load impedance on the
tube), the wave appears very sharp, as in Fig. 617-a.

2. If excessive loading is the cause, as when the load impedance is
too low for the particular tube, the output wave shape will be
rounded off, appearing somewhat like Fig. 617-b.
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Location of A.C. Hum

Hum location is of great importance in video circuits, since the a.c.
hum present in the power supply finds its way into the sweep circuits

= = +250V b
Fig. 616-a (left)—Partial diagram of an audio stage,
showing how a leaky coupling condenser C, will keep
the grid from going positive and flatten out the curve
on the peaks. b (right)—A normal stage will have an
output as shown for overload conditions. A leaky coup-
ling condenser will prevent the grid from going positive,
thus giving the curve as shown by the dotted lines.
and ultimately modulates the picture itself. The result may be a very
slow shifting of the picture across the screen. It can be observed best

with the antenna disconnected, or with the contrast control all the way

' AVAVA

Figs. 617-a and -b—Distortion due to improper load

matching on final amplifier. a (left)—Effect of too light

loading (high impedance). b (right)—Too heavy load-

ing (low impedance, or partial short) on the output

amplifier.

off. The rectangular illuminated area on the picture-tube screen, called
the raster, will have wavy sides instead of straight edges. Fig. 618-a
shows the appearance of a normal raster, while that shown in Fig. 618-b
illustrates the effects of a.c. in the sweep circuits (note the wavy edges).

This is primarily due to a.c. in the horizontal-deflection circuits.

oy
LLli

"y
a
ol

H) b b
Fig. 618—A.c. hum in horizontal de- Fig. 619—FHum in vertical deflection
flection circuits of TV set: a—Normal  circuits of TV set: a—60-cycle hum.
screen. b—Hum (solid line is 60 cycle, b—120-cycle hum produces twice as
dotted line is 120 cycle). many condensations and rarefactions.

When stray a.c. finds its way into the vertical-deflection circuits, the
effect appears as unevenly spaced horizontal lines, as shown in
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Fig. 619. Compare this with Fig. 618-a, in which the lines are uniform-
ly spaced, indicating a normal raster. Under conditions of actual picture
reception, such variation in the spacing of the lines will result in vertical
crowding of one portion of the picture, alternating with stretching of the
adjacent portion. This, of course, produces distortion. In addition,
when lines are crowded or overlap, the details contained in such lines
are superimposed on each other with a resultant loss of sharpness and
detail.

Another effect of a.c. getting into d.c. circuits is a partial blacking
out of the picture. Fig. 620 shows the result of a.c. getting into the video
amplifier circuits.

In audio circuits, particularly those with good low-frequency re-
sponse, excessive a.c. in d.c. circuits (supply, bias, etc.) may result in
objectionable hum, although this is not very common either in small

Fig. 620—Result of excessive a.c. hum in video amplifier.

a.c.-d.c. receivers or even in the television receiver audio channels of the
less expensive variety, the latter sets having rather poor response at 60
and 120 cycles.

In all the above cases, the ordinary meter might possibly be used to
measure the incremental a.c. superimposed on the d.c. However, this is
just as complicated a procedure as it is unreliable. The oscilloscope is
both quick and handy for locating the source of trouble, as well as for
observing the effects of the remedy used in any particular case. The
procedure is generally as follows:

1. Allow equipment to warm up.
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2. Set the c.r.o. sweep generator to about 20 cycles to permit con-
venient observation of both 60 and 120 cycles. Set the gain as
required in each case.

3. Connect the ground connection of the ’scope to a good ground
point on the receiver or amplifier in question. If this connection

[
[ | P — T s
3 3
4 >
) ?
A o
TIME TIME

Fig. 621-a (left)—Normal, well-filtered d.c. output of a rec-
tifier system. Fig. 621-b—(right)—Ripple on the d.c. out-
put, due to poor filtering.

is not good, a.c. hum not due to any defect in the equipment may
appear. Connect the high side of the c.r.o. vertical input, in series
with a 0.25-uf condenser if the point on test is more than 500
volts above ground, to various points in the B-supply system.

4. With all 'scope controls properly set, observe the trace on the
screen. A good d.c. supply will have a straight-line output, as
shown in Fig, 621-a. If a sufficient amount of a.c. exists, a trace
like Fig. 621-b will result.

Hum in the Power Supply Proper

Before outlining specific test points and remedies, a few words of
caution are in order: The vertical amplifier of the oscilloscope may have
a very high gain in some cases. Because of this, a very slight trace of
waviness in the oscillogram of Fig. 621-b is not necessarily an indication
of trouble. If the ’scope gain control is set at or near maximum, a very
negligible amount of a.c., which is always present in rectified a.c. sup-
plies, may cause a wiggle on the screen. Familiarize yourself with the
behavior of the vertical amplifier before making these a.c. hum tests.
Once you know the equipment, you will be able to tell readily which is
a normal trace and which has excessive a.c. modulation. In general,
the following are permissible a.c. voltages (maximum) measured at the
various points in the power supply system, as indicated in Fig. 622:

== _Lt2

L
A oo, B
.25uf 600V
(v} c2 c3 v+ PAPER
‘[_M =7 1,000+/V
RECTIFIER
TYPE

= GND

Fig. 622—Typical rectifier filter system; for choke input C, is
omitted. Voltmeter may be used instead of ’scope.
1. Output of rectifier, full-wave condenser input (point A,

Fig. 622) ot e 5-15



2.
3.

4.
. After the filter, any of above cases (point B in

w

Output of rectifier, half-wave condenser input (point

A, Fig. 622) o.oviiiiii e 10-3¢
Same as setup 1, except choke input (point A, Fig.
622) i e 70-100

For no-load conditions, in above cases ... 20% of values above.

Fig. 622) .o, approximately 0.5
or about 0.1% of the total voltage. This would give about 0.25
volt a.c. in a 250-volt supply, 1 volt in a 1,000-v supply, etc. To
measure the above a.c. components, either the calibrated ’scope
method may be used (see note, p. 81), or a rectifier-type a.c
voltmeter of about the correct range, in series with a high-grade
paper condenser of 0.25-pf capacitance may be placed across the
same terminals where the ’scope was located in the-above tests.
However, obscrvation with the ’scope is recommended as a sim-
ple way of locating hum as well as determining the severity of
the a.c. modulation. It may be stated with a high degree of cer-
tainty that once the operator has become well acquainted with
the c.r.0. and has learned to judge quantitatively the significance
of a particular amount of a.c. modulation on the screen, he will
seldom if ever revert to the voltmeter for this type of work.

Causes and remedies of power supply hum are few and usually easy
to locate. A leaky filter condenser, an open filter condenser, or a shorted
filter choke, the latter being rather rare—each and all of these will cause
excessive hum. We did not bother to list a shorted filter condenser,
since in such a case there will be other, much more obvious, conse-
quences (low voltage, overheating, damage, etc.) with which every

VOLTAGE
AMPLIFIER DRIVER PUSH PULL
6SJ7 PENTODE 6GS TRIODE OUTPUT

o

+ B+

’ -0 275v
Fig. 623—Typical high-gain audio amplifier, showing sources of
output hum, due to a.c. at the points indicated.

serviceman is familiar. A somewhat less obvious, yet fairly common,
source of hum is owverloading the power supply. As a check of this con-
dition, the 'scope will show very little difference in hum content before
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and after the filter choke. In some cases of severe overload, the choke
may be jumped or shorted out of the system without materially increas-
ing the hum. The remedy, if the load requirement cannot be reduced,

%
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0

= TIME

Fig. 624—One line of standard RMA wvideo signal (negative
polarity systemt).

is to substitute a heavier (larger inductance at the rated current)
filter choke.

Hum Outside the Power Supply

Not all a.c. hum finding its way into the d.c. circuits originates in
the power supply. Sometimes a well-fillered power supply will be
blamed for faults in other parts of the circuit. A small amount of a.c.
picked up from the heater wiring, pilot lamp, or similar a.c. circuit will
get into the cathode bias or grid circuit of a sensitive amplifier, be ampli-
fied in the plate circuit of the same tube, and perhaps be carried along
and be further amplified to excessive proportions in other parts of the
circuit. Tubes with excessive heater-cathode leakage can cause hum in
some critical circuits.

Fig. 623 shows a portion of a circuit (receiver or amplifier) in
which the a.c. hum is not traceable to the power supply. Assuming that
defective tubes have been eliminated, the following points should be
checked for presence of a.c., in the same manner as the power pack was
traced above:

1. Plate return (point A), check for faulty bypass condensers.

2. Screen supply (points B), check for faulty bypass condensers.
3. Cathode circuits (points C), check for faulty bypass condensers.
4

. Grid circuits (points D). This is perhaps the most troublesome
circuit for a.c. pickup, because of its sensitivity. Check for hum
with no signal applied. Placement of components, of wires
(dressing), etc., is extremely important here.

The above troubles may be particularly annoying in large multitube
receivers, video and FM amplifiers, and similar equipment where high
gain and crowding of parts is likely to occur. In service work, where
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commercially designed equipment is to be repaired or maintained, the
fault generally will not lie in poor design. Rather it will be found to be a
defective component. Therefore it is very helpful to use all the available
service data supplied by the manufacturer. Lacking such information, the
serviceman should at least avail himself of a schematic diagram before
tackling a complex, multitube set. When even that is not available,
the general procedures outlined here, coupled with the serviceman’s ex-
perience and fundamental knowledge, should prove adequate to cope
with the problem.

A final note of caution: remember that modern FM and television
receivers are very carefully designed, almost to the point of individual
“tailoring”. Therefore, although the original design is sound, severe cir-
cuit changes may accidentally be brought about when replacing a de-
fective component or wiring, Make the utmost effort to replace both
parts and wiring as exacily as possible in their original positions. Unless
this is heeded, such difficulties as hum, oscillation, detuning, and many
others are, not only possible, but probable.

Improper Video Clipping

This may be a very troublesome matter in telewision receivers. To
understand the problem, let us first explain the clipper function. The
video signal reaching the receiver contains both picture detail and syn-
chronizing information. This latter information appears as pulses or
pips at the extreme high end of the combined signal (see Fig. 624).
Somewhere after detection these two signals have to be separated, the
picture detail going to the video amplifier circuits and then to the grid
of the picture tube, while the synch pulses are fed to the horizontal and
vertical sweep oscillators. The process of clipping involves removal of
all picture detail from the synch pulses, so that only timing information
will be fed to the sweep generators.

While correct clipping requires removal of all the picture detail
without destroying the synch pulses, there are two possible sources of
difficulty in this problem. I'msufficient clipping, caused either by a de-
fective tube or other component, will leave too much of the picture detail
with the synch pulse. This will ultimately result in a fine, irregular
waviness of any straight line on the picture, such as the vertical wedges
of the test patterns. Or, in trade lingo, “video is getting into the synch.”

Wrong clipping, although less common in manufactured receivers,
may be caused by a phase reversal between the video detector and the
synch circuits, such that the pulses are clipped instead of the video. The
result is very poor synchronization or none at all. The picture will not
stay locked, but drifts up and down or across the screen.

Fig. 624 shows the combined signal. Inadequate clipping simply
means that the signal is fed to the sweep oscillator substantially as it
appears in the figure. A normal synch signal, after correct clipping,

102



looks like Fig. 608-b, page 88. Should the wrong end of the signal be
clipped, the pulses would be removed and the video left intact to be
passed on to the synch amplifier and then to the sweep oscillators. This
is illustrated in Fig. 608-d. The result, as has already been stated, is a
drifting picture, evidence of poor synchronization, or complete lack of
synchronization,

To trace the signal with the oscilloscope :

1. Allow equipment to warm up.

2. Set 'scope for normal pattern viewing.

3. Set sweep for approximately 5,000 cycles. This will allow view-

ing of about 3 lines on the screen.

6HE
DET. AND 6SN7 2ND CLIPPER AND
06 GLIPPER SYNCH. AMPLIFIER

VERTICAL
OSCILLATOR

250p|pf

.0086 006
HORIZONTAL
OSCILLATOR

Fig. 625—Diagram of a typical detector-clzpper-amphﬁer feeding the H and
V oscillators.
4. With the ground terminal for the vertical input making a good
ground connection on the receiver, touch the high side to points
A, B, C, D (Fig. 625) in the order listed, and observe the re-
sults. At point A, the signal should be intact, as in Fig. 624.
At point B, if all is well, the clipped signal should have most of
the video removed. Point C should show the pulses only, as in
Fig. 608-b. Point D will show the same pulse after amplification.

Auto Radio Vibrator Supplies

One of the most important applications of the oscilloscope is the
checking and correction of faults in auto radio vibrator systems. In spite
of the fact that it is almost impossible without a c.r.o. to service prop-
erly this most common job in the shop, too few servicemen have ever
taken advantage of this instrument. Such difficulties as chronic rectifier
failures, short-lived vibrators, low output voltages, and noisy receivers
are almost beyond the ability of the multimeter to diagnose. Yet the
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oscilloscope will locate these faults with little expenditure of time or
effort.

Briefly, a defective buffer condenser can cause low voltage output,
bad arcing, and damage to the vibrator, rectifier tube, and even the
power transformer. Similarly, improperly adjusted vibrator contacts
can cause most of the above, in addition to noise in the receiver.

10H

REG1 IFIER

VIBRATOR B

6VDC. & - -

Fig. 626-a and b—Simplified diagrams of a non-syn-
chronous wvibrator power supply (upper) and a syn-
chronous type (lower).

Fig. 626 shows a portion of the vibrator supply system. With the
circuit in normal operating condition, and the vertical input to the ’scope
across points A and B or A and C (not to ground!), the voltage pattern
should look like Fig. 627-a. The c.r.o. sweep frequency for this test
should be about 40 or 50 cycles, giving about 3 or 4 cycles on the screen.
Note that the wave is substantially square, with no steep peaks or
rounded corners. This indicates a correct value of buffer condenser and
proper contact spacing.

Fig. 627-b indicates either too small a buffer condenser or a com-
plete lack of buffering. This will usually he accompanied by low output
voltages. If an exact duplicate replacement cannot be made, the substi-
tute chosen should bring the wave shape as closely as possible to that
shown in Fig. 627-a.

Fig. 627-c shows the effect of too large a buffer condenser. The lag-
ging edge of the wave is rounded off. A very common defect in old
vibrators is poor contact due to pitted contacts and chattering. The re-
sultant wave looks somewhat like Fig. 627-d. Careful dressing and
readjustment of the spacing of the contacts will remedy most of this
difficulty, although it may be more convenient as well as more econom-
ical to replace such a vibrator with a new one. However, where replace-
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ment cannot be made for any reason, the above procedure will make the
old unit serviceable for quite a while longer.

Fig. 627-e shows the wave form for a normal vibrator of the syn-
chronous (self-rectifying) type. The sharp pips in this case are no indi-
cation of a defect as was the case in Fig. 627-b. They are due to the
opening of the secondary, or rectifying, contacts in synchronism with
the primary breaker points.

When adjusting vibrators, slightly different vibrator frequencies in
different receivers require variations in contact spacing as well as buffer
capacitances. Since manufacturers do not encourage vibrator repairing,
it is difficult to outline precise adjustment procedures. However, the
above directions and sample patterns are typical of most common prac-
tices, as well as of good design and operating conditions. Where a repair
has to be made and no other specific instructions are available, the out-
line given will prove sufficiently helpful to achieve satisfactory results.

Determining Frequency of an Unknown E.M.F.—Lissajous
Figures

The tracing of various patterns and the identification of unknown

frequencies are extremely useful applications of the cathode-ray oscillo-

- scope. Such problems as determination of hum frequency, interference
frequencies, etc., are quite simple once the fundamental steps are clearly
understood.

There are two main methods of curve tracing: One method traces
the unknown wave, applied to the vertical input of the ’scope, by the
linear sweeping of the self-contained, saw-tooth oscillator. This is the
most common method of observation on the ’scope. The second method
although less common, is very useful for determining unknown fre-
quencies and phase relationships. This latter method makes use of the
Lissajous figures. The first method is only as accurate as the sweep

VLA

8 b

Fig. 627-a—Normal wave shape for non-synchronous vibrator. b—Too small

o buffer condenser (or none at all), ¢—Too large a buffer condenser. d—

Pitting, and chattering contacts. Can cause low output and poor regulation.
e—Normal wave shape for synchronous vibrator.

generator of the "scope. while the second may use an external, calibrated
frequency standard, and is therefore more accurate.

From the various discussions earlier in this book, the reader should
be quite familiar with the saw-tooth method of observation. Briefly, it
presents the wave shape of the unknown voltage or current as it actually
develops in the circuit, without comparison to any standard wave. The
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Lissajous figures method compares the unknown with a standard wave.
The procedure is simply to connect the unknown voltage (frequency un-
known) to the vertical amplifier input terminals, and a standard fre-
quency voltage (most often 60 cycles) to the horizontal amplifier input.
The sweep generator is turned off.

Fig. 628 shows a number of typical Lissajous figures. In Fig.
628-a, both voltages are of the same frequency (60 cycles). A perfect
circle results. If the unknown frequency is somewhat distorted, instead
of being a pure sine wave, the circle will have a ragged outline. Of all
Lissajous figures, the circle is the simplest. The ratio between number
of vertical and horizontal loops determines the ratio of the standard
frequency to the unknown. Here the ratio is 1:1, and hence both fre-
quencies are the same. When the ratio is 2:1, as illustrated in Fig, 628-b,
the unknown frequency is 30 cycles. Similarly reasoning, Fig. 628-c
shows a ratio of 1:5, with an unknown frequency 5 times that of the
standard, or 300 cycles. Figs. 628-d and e show, respectively,a 6:1 and a
5:3 ratio, making the unknown frequency 10 cycles in the first case and
36 cycles in the latter. Fig. 628-f denotes an unknown frequency of 72
cycles, the ratio being 5:6, meaning that the unknown is 6/5 of the
standard frequency of 60 cycles.

' ! P 2 3 4 5
1 !
! ! I |
2 2
| | 1 2 3 4 5
T3H| 221 (s
|
| 6
2 3
2 5 5' |
3 4 4 2
'3 3 3 3
5 2 2 4
6 |
! 5
) 3 2
061 (E£)5:3 (F)5:6

Fig. 628—Lissajous figures for different frequency ratios.

It is not absolutely necessary to use 60 cycles in these comparison
tests. Any other known frequency will do equally well. However, since
60 cycles happens to be very readily available, and since (and this is
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very important) the accuracy of the commercial 60-cycle frequency
usually is extremely high, this is a most logical frequency to use as a
standard.

a0

{A) 0O°(OR 360°)  (B) 20°APPROX.

: (C) 70° APPROX.
(E) 90° (OR 270°)

(D) 160° APPROX (F) 180°

Fig. 629 (left)—Phase shift patterns and approximate values. Fig., 630
(right)—Negligible phase shift in an amplifier (10 to 15 degrees). This
will vary somewhat with frequency.

The general method in calculating frequency ratios is as follows:
Count all the loops along the vertical edge of the pattern. Similarly
count the number of loops along the horizontal edge of the pattern.
Note that the loops along the horizontal edge are produced by the volt-
age applied to the vertical plates, while the loops along the vertical edge
are produced by the horizontal voltage. Dividing the number of vert-
ical edge loops by the number of horizontal edge loops will give the
ratio of the standard to unknown frequency. Thus in Fig. 628-f there
are six loops along the horizontal edge and five loops along the vertical
edge. The ratio of the vertical to horizontal loops is therefore 5:6, and
the unknown frequency is therefore 6/5 of 60, or 72 cycles.

Another very useful application of the Lissajous figures is in the
determination of phase angles between signals of the same frequency.
This is particularly important in checking phase shift in high-quality
audio amplifiers, the type of distortion called phase-shift distortion.
This means that the amplifier has a phase delay between input and out-
put. When this phase shift is small, say under 20 degrees, the resultant
distortion is rather negligible. However, severe distortion will result
from large angle shifts or, and this is the most common difficulty, from
different amounts of shift at different frequencies.

In outlining the procedure for checking phase shift, we shall first
indicate the general procedure for determining phase-angle differences
between any two voltages. Such a phase difference is not necessarily an
indication of any defect. Phase-angle differences between voltages are
quite common and normal. In the amplifier, we are checking for phase
shift in the same voltage due to the nature of the unit. More particularly,
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we are concerned with differences in the angle of shift at different
frequencies.

To check for phase difference between any two voltages, proceed as
follows:

108

1.

Allow equipment to warm up.

2. Set c.r.0. controls so that spot is in the exact center of the screen.

3.

The calibrated plastic screen is necessary in this case.

Set the horizontal and vertical c.r.o. gain controls for exactly the
same deflection. This can be done by alternately applying one
of the unknown voltages to the horizontal input and the other
to the vertical input, adjusting the vertical or horizontal gains
in each case for the same number of divisions of deflection on
the screen. Do not change these settings after they are made. If
frequency is high, say over 50 ke, the signal should be applied
directly to the deflecting plates of the ’scope, and the individual
voltages adjusted for equal deflection on the c.r.o. screen.

. Observe the resultant pattern on the screen. If the two voltages

are in phase, a straight line at 45 degrees will result. A slight
difference in phase will produce a very thin ellipse at about 45
degrees. (See Figs. 629-a and 629-b.) Increasing angles of
shift are illustrated in Figs. 629-b to 629-f, with the values of
angle indicated in each instance.

Two reminders are in order: First is the matter of drift. If both
frequencies are absolutely steady, the pattern will be stationary. Should
one of the voltages vary slightly or drift, the pattern will go through a
slow phase cycle from O to 360 degrees, and then repeat this over and
over. The second reminder, although it is quite easy to determine the
phase angle from the figures, as shown in Fig. 629, it is generally suffi-
cient for practical purposes to see whether the angle is large or small.
This 1s usually the case in amplifier phase-shift testing, where the angle
of shift is not likely to be very great.

The procedure for checking phase shift in an audio amplifier is
somewhat different:

1.

Set up the equipment as for checking phase difference between
voltages. Since we are going to use audio frequencies, the
'scope amplifiers may be used.

. Connect output of the test amplifier to the vertical c.r.o. input

terminals. Connect the input of the amplifier to the horizontal
’scope terminals. In this way the same signal that is fed to the
test amplifier will also be applied to the horizontal-deflection
circuit of the ’scope.

. Connect audio oscillator to the input of the test amplifier. Ad-

just ’scope or test amplifier gains for equal vertical and hori-
zontal deflection, using same method as in step 3 above.

. Observe pattern on the ’scope. In most cases the result will be

a thin ellipse, since only a small phase shift usually exists (Fig.



630.) Should the ellipse be much wider, compare it with the
patterns shown in Fig. 629 to determine the approximate angle
of phase shift.

5. Vary the frequency of the audio oscillator through the audio
range (30 to 12,000 cycles is sufficient for most amplifiers) and
observe the phase shift at different frequencies.

You will notice that there is no drift of the pattern, since the same
source of em.f. (and the same frequency, of course) is used for both
the horizontal and vertical scope amplifiers.

A final note on phase shift. Fig. 631-a is a simple phase-shifting
device used as a sweep source in connection with wide-band if. align-
ment, such as in television amplifiers. Since miost frequency-modulated
sweep generators use 60 cycles as the sweep frequency, the simple in-
strument shown here enables the user to apply to the horizontal c.r.o.
terminals the same frequency voltage as that used for frequency sweep-

||7v AC 60~ 10K 100K
+-OH
ﬁi@“ 63 025
Q '35
) 500~ E.;%),
PILOT

Fig. 631-a (left)—Simple bhase shifting device (60 cycles) for use as the

horizontal sweep source in FM and TV alignment. b (center)—Double

pattern due to slight shift (phase conirol wnot adjusted). ¢ (right)—Phase

control properly set. A single pattern results.

ing inside the signal generator. In practice, the output terminals of the
unit shown are connected across the horizontal input of the cathode-ray
oscilloscope. Without any adjustment of the potentiometer, the likeli-
hood is that two patterns, somewhat out of phase, will appear on the
’scope screen, as shown in Fig. 631-b. The potentiometer should now
be adjusted until the two traces overlap as far as possible, since this is
the easiest pattern to view for alignment purposes. However, regardless
of the degree of overlap, the pattern will be locked in any position in
which it is left for the duration of the test.
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AM Receivers ................... 75
FM Reeeivers .........co0veuneun 76
TV Receivers ............ 000000 76
RMA Standard Television Channel .... 66
R.m.s. Value of ac. ................ 10
Saw-tooth:
Amplifier Balance ............... 84
Generator Frequency ............ 28
Generators (See Bloeking Oscﬁ{ator
Gas-triode  Oscillator, Multi-
vibrator)
Voltage .....ovivnveiuinnnenns 24, 26
Wave .....ovviniiinevnnonnnonns 10
Scanning:
Aetion ........civiuneninnnnn. 21, 22
Time ...ovrvimeiiiiniininnnes 26
'Scope (See Osmlloxr'ope)
Screen, Fluoreseent .............. 13, 14
Selector, Synch .................... 43
SBhape of Wave ...........ocevvenes 10
Sharpness of if. Response OCurve;
Effect of Circuit Loading on ..... 58
Signal:
Synch  ..ioiiiiiiiiii i i 40
Generator Connection for FM
Diserim. Alignment .......... 55
Generator for TV Alignment ...... 66
Sine Wave .......ovvvieveiananonnn 10
Slope Detection, FM ................ 59
8lope Detector Alighment ............ 60
Sound Carrier Width (TV) .......... 66
Square Waves ............c00.... 11, 34
Stagger-tuned :
TV if. Amplifier; Aligning ...... 69
TV if. Amplifiers ............... 67
Sweep:
Frequency Control ............... 39
Generator; RCA ................ 49
Generators  ...........c000000000 47
Generator; Motor-driven Condenser 47
Range .......cvvvviiiiiinnnns {
Voltage .....cvvviiivenn.n.
Symmetry of Curves
Synch:
Adjustment .............. [ (1]
Oscillator ,......... teesosseasnes 31
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Pulses; Checking ....... veessess 8T
Seleetor ........ [N veeses 48
Signal .......iiiiiiiaiiiiinaan 40

Synchronizing Sweep Gen. sm‘l 'Scope . 53
Television: (See TV)

Tertiary Winding if.; Effect of ..... 57
Tertiary Windings i.f. Channel;

Adligning .......... teessesssaan 58
Time, Seanning ................... 26
Transmitters, Neutralizing Class-C Stage 92
Trap Alignment ............. vesenes T2
Trapezoidal Pattern Modulation

Checking ...... A [P ) |

TV:
Channel; R.M.A. Standard ....... 66
I.f. Alignment Precautions ........ 78
I.t. Circuits; Aligning ....... vees B8
I.f. Response Curve Checking ..... 73
If. Systems ........c000000a. 87
I.f. Tests; ’'Scope Range Required 66

Receiver; Horizontal Oscillator

Cheek .....coovovvnunns vesss 88
Receiver; r.f. Allgnment ..... vees 76
Receiver; Series-Inductance r.f.

Switching ................ .. 77
Receiver; Shunt- Inductance rf.

Switching ............ .7
Receiver; Typical Response Curve . 18
Receiver; Vertical Oscillator Check 86

Sweep Circuits; Checking ......... 84
Vertical:

Amplifler; Oscilloscope ............ 88

Deflecting Plates ........... ...14. 17

Gain Comnfrol ............... 86

Oscillator; TV Receiver, Checkmg .. 88
Vibrator Power Supply, Checking ..., 103

Video:

Carrier Width ............... veuo. 88

Improper Clipping ........... ... 102
Voltage:

Curve; Condenser .......... vee. 26

Sweep ......uinn.. tereeseen cee. 24
Wave:

Average Value ........ .

Linearity ........000v...

Saw-tooth ................

Shape .....iiiiiiiiinennn,

Shape Checking; Magnenc-deﬂectlon

TV Set8 vvvvevinesernnnnn ... 86

Sine ..uieiiiiiiiiiiie i, .00 10

Square .......... veeceenns ereses 11
Wide-band:

FM i.f. Amplifiers ........ veesess BT

TV if. Amplifiers ......... [ - 14



