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Fig. 10-1. Tubular-ceramic trimmer capacitor serves as
a high-frequency probe.

as far as possible, while permitting adequate deflection on the
scope screen. This insures that the circuit under test will not
be loaded too much. In low-level circuits, the trimmer must
be adjusted for a higher capacitance value.

Calibration is not often required, but is easily made when the
occasion arises. The probe should be calibrated at the frequency
of interest, such as 455 kc, or other test value. To calibrate,
use a signal generator or another receiver which is operating
normally. A peak-to-peak reading VIVM is used to measure
the voltage of the signal source. If a radio receiver is used,
connections are made for 455-kec calibration as shown in
Fig. 10-2.

The detéctor input circuit is heavily loaded, and the peak-
to-peak VTVM indicates considerably less than the true sig-
nal voltage. However, this is not a matter for concern. It is

DETECTOR

Fig. 10-2. Calibrating the probe
and the scope.

necessary to work only from a known signal voltage. The ver-
tical-gain control of the scope is adjusted for a convenient num-
ber of deflection intervals on the screen, and the reading of
the peak-to-peak VTVM is noted. Signal amplitudes, in turn,
can be measured on the scope screen until the probe adjust-
ment is to be changed.

GAIN MEASUREMENTS

An uncalibrated scope can be used for gain measurements,
because the gain figure is merely a ratio. Connect the output
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from an AM signal generator to the antenna-input terminals
of tie receiver, or couple the output via a small coil into the
loop antenna. When the high-frequency probe of the scope is
transferred from the grid to the plate terminal of an IF stage,
for example, the comparative heights of the two displays give
a measure of stage gain, as seen in Fig. 10-3.

This is a basic display, but it is difficult to work with be-
cause the first waveform has a comparatively low amplitude.
The decade attenuator of the scope is utilized accordingly. A
simple example is this: if the first waveform has the same
amplitude as the second waveform when the decade control is
advanced one step for the first test, the stage gain is 10. The

(A) Input. (B) Output.
Fig. 10-3. Basic gain displays.

gain of a stage in normal operation depends upon the AVC
bias voltage, and this, in turn, depends upon the signal level.
The receiver is therefore stabilized preferably with a standard
AVC clamp voltage, such as —1.5 volts.

It is important to be accurate in making gain measurements,
and not to use the probe with an excessively high capacitance
adjustment. This detunes an IF transformer objectionably, and
also makes the gain figure incorrect. Also, do not overload
the receiver with a high input signal from the generator. The
signal will be clipped, and a false gain figure will be obtained.
The normal gain for an IF stage cannot be calculated easily,
and reference should be made to the receiver service data, or
to a comparative check in a normally operating receiver.

The difficulty in making gain calculations is seen from an
inspection of the circuit diagram in Fig. 10-4. Although the
tube type is known, its mutual conductance depends upon the
AVC clamp voltage. This information can sometimes be ob-
tained from a tube manual, but the plate-load impedance into
which the tube works can be determined only with lab-type
equipment. Reliance must be placed, therefore, on service data
for the particular receiver configuration, or on comparative
data obtained from a similar receiver which is operating nor-
mally.
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TYPE OF TEST SIGNAL

An amplitude-modulated test signal is illustrated in Fig. 10-3.
Modulation is necessary when using an ordinary signal tracer,
but an unmodulated (CW) signal can be used when checking
through the RF and IF circuits with a scope. Patterns appear
in such a case as in Fig. 10-5. This photo shows individual IF
cycles because the horizontal-deflection rate of the scope was
suitably increased. A much lower deflection rate is used when
displaying patterns such as are shown in Fig. 10-3. Internal
sync is used to lock the pattern, in either case.

A CW signal is, of course, not suitable for checking the circuit
past the detector, even if a DC scope is used. Although the
detector generates a DC output voltage in response to a CW
signal, this output is blocked by the audio coupling capacitor.
Therefore an amplitude-modulated signal must be used in
these tests. A modulation depth of 30% is standard, but is not
necessary.

Beginners are occasionally amazed to observe that the shape
of the modulation envelope may change greatly as the generator
is tuned through the receiver passband (see Fig. 10-6). This is
the result of incidental FM in the output of the AM generator.
The photos were made using a poor-quality generator having
excessive incidental FM. The situation is aggravated by using
a high percentage of modulation. As shown in Fig. 10-7, less
change in envelope shape results with tuning when the modula-
tion percentage is reduced, because the incidental FM is then
less.

OSCILLATOR DEFECTS

The applied test signal is of no concern when checking the
oscillator because the oscillator is a self-generating circuit. If
the oscillator is not dead, a pattern such as in Fig. 10-5 is
observed, regardless of whether or not an input signal is
present. The normal amplitude of the oscillator output may be
given in the receiver service data, or a comparative test can
be made in another receiver with the same tube lineup as the
receiver under test.

A defective oscillator circuit occasionally has an output sig-
nal of normal amplitude, but runs off-frequency, making the
receiver appear to be dead. This is a particularly difficult trou-
ble condition when appreciable preselection is used in the re-
ceiver. It is a simple matter, however, to measure the oscillator
frequency with a scope. Observe the number of peaks in the
oscillator waveform which are displayed on the scope screen.
Then, apply the signal-generator output directly to the scope,
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Fig. 10-5. The unmodulated output
from the signal generator.

and tune the generator for the same number of peaks. The read-
ing on the generator dial is then the same as the oscillator fre-
quency. In normal operation, the oscillator frequency will differ
from the RF input frequency by 455 ke. Even though the re-
ceiver dial may not be highly accurate, this procedure serves
as a rough guide in evaluating oscillator operation.

Fig. 10-6. Envelope changes with receiver tuning due to incidental FM.

For a more accurate determination, apply an RF signal from
the generator to the receiver and connect the scope probe to
the preamplifier output. Then tune the generator for maximum
scope deflection. If the circuit is operating properly, the read-
ing of the generator dial will then differ 455 ke from the oscil-
lator frequency.

If the oscillator frequency measures incorrectly (usually too
high), look for an open capacitor in the circuit. A defective
oscillator coil is a less frequent trouble cause, but it is a possi-
bility. To summarize, a preliminary scope test of the oscillator
in case of a “dead receiver” complaint can often save con-
siderable time.

Fig. 10-7. Envelope variation at lower percentage modulation.
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IF STAGE TROUBLES

IF trouble symptoms range from weak output and/or dis-
torted output to regeneration and spurious oscillation. Weak
output is easily pinpointed by stage-gain checks. When a weak
stage is located, check the DC voltages at the associated tube.
A leaky screen-bypass capacitor or an increase in value of a
dropping resistor can reduce the screen voltage and cause a
weak output. An open screen-bypass capacitor does not change
the DC screen voltage appreciably, but it reduces stage gain
because of negative feedback.

Excessive control-grid bias reduces gain, and can occur when
an AVC decoupling resistor is broken or otherwise open. The
associated grid then “floats” and develops a high negative DC
voltage from rectification of stray-field voltage. An open grid-
return circuit has an extremely high impedance, and couples
strongly into stray fields. Check also the IF transformer at the
low-gain point, if advisable or necessary. Corrosion or me-
chanical defects can cause excessive signal loss. Such defects
usually make it impossible to peak the transformer, although
this is not always the case.

Low gain occurs in many receivers when a plate-decoupling
capacitor is open. This forces the plate signal to return to
ground through the power supply, which can have an objec-
tionably high impedance at 455 ke. Circuits in which a plate
decoupling capacitor does double duty can also develop low
gain due to out-of-phase feedback from another circuit. Leak-
age in the decoupling capacitor results in low DC plate voltage.
This does not reduce gain greatly at low signal levels, but com-
presses and distorts the signal at normal operating levels.

Receivers like the one shown in Fig. 10-4 have a multivle-
duty screen-bypass capacitor. If the capacitor is low in value,
regeneration can develop. This causes the receiver to tune very
sharply and distort a broadcast signal. The bandwidth of an IF
stage is reduced greatly when regeneration occurs. Use the
scope to check for signal voltage across the bypass capacitor.
If appreciable signal is present, replace the capacitor.

Again, if a multiple-duty screen-bypass capacitor opens up
completely, the receiver can break into violent oscillation.
Symptoms .vary from a motorboating sound to a “dead” re-
ceiver. In the latter case, a DC voltage measurement at the
detector output will show a very high value (the detector
rectifies the high-level oscillation voltage). The scope shows
a high-level IF signal, with no RF signal applied to the receiver
input.

If the receiver oscillates with the AVC clamp voltage re-
moved, but stabilizes when the clamp voltage is connected,
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then look for an open bypass capacitor on the AVC line. A
leaky AVC bypass causes overload distortion until the clamp
voltage is applied, after which the receiver operates satisfac-
torily on normal signal levels.

AUDIO STAGE TESTS

If signal-tracing method shows that the circuits up to the
detector are operating normally, exchange the high-frequency
probe for a low-capacitance probe, and then proceed to check
the waveforms past the detector. If there is weak or no output
from the detector, the charging capacitor is first suspected.
The capacitor may be leaky, shorted, or open. A cathode re-
sistor which is open or greatly increased in value causes weak
or no output. An open detector decoupling resistor, or one
which has increased in value, is a less common cause of weak
or no detector output. .

Audio stage-gain tests are made in the manner described
previously. A typical pair of patterns is shown in Fig. 10-8.

(A) Input. (B) OQutput.

Fig. 10-8. Gain check of an audio-output stage.

In this example, the input waveform is not a true sine wave
because of the generator characteristic. However, the output
waveform is considerably different in shape from the input
waveform, because the stage is distorting. In economy-type re-
ceivers, such distortion is unavoidable, and does not cause
customer dissatisfaction. On the other hand, in an expensive
receiver, an investigation would be made to determine the
cause. _

In case the gain is low and/or distortion excessive, check
the DC voltages and circuit resistances first. Follow up with
tests for open capacitors in the faulty stage. In the case of
an open coupling capacitor, the scope will show normal signal
at the input end of the capacitor, but little or no signal at the
output end. In tracking down a distorted audio signal, do not
be confused by inversion of the distorted signal from grid to
plate. A conventional amplifier shifts the phase of the input
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signal 180°. Thus a waveform which is clipped at the top in
~a grid circuit will be clipped at the bottom in the plate circuit.

HUM TRACING

When there is objectionable hum in the speaker output,
check the power-supply ripple first. A filter capacitor may have
marginal value, or a filter choke might be defective. If the
ripple is not abnormally high, the hum voltage is probably en-
tering at some point in the signal circuits. Trace back from
the speaker with the scope to find where the hum first appears.
A shielded lead in the audio-input stage, for example, may be
poorly grounded. Or, a defective socket can inject hum voltage
from the heater into a cathode circuit which operates above
ground. Socket leakage between heater and grid terminals also
causes audible hum.

In summary, a scope is the most effective radio signal tracer
which has yet been devised. A little time spent in familiarizing
yourself with the waveforms in radio-receiver circuits can
multiply your technical efficiency greatly. This study also pays
an intangible dividend in the personal satisfaction of learning
the fine points of circuit action. The “screwdriver mechanic”
will usually have a job, but the professional technician will
quite likely be his boss. '
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CHAPTER 11

Testing Audio Amplifiers

A wide variety of useful tests can be made in audio equip-
ment with a scope. Such equipment ranges from the simple
audio amplifiers used in table-model radios, through com-
mercial-sound installations, to high-fidelity amplifiers. The ver-
tical and horizontal amplifiers in service-type scopes are seldom
capable of hi-fi response. It might therefore be supposed that
accurate checks of distortion could not be made. It is a general
rule that test equipment must have performance characteristics
equal to or better than the device under test. There are how-
ever certain exceptions, which are made possible by suitable
test techniques.

LINEARITY CHECKS

Amplitude nonlinearity is a basic cause of distortion in audio
amplifiers. In order to make a linearity test with a scope, first
determine the linearity of the scope itself. This provides a
reference pattern for use in evaluating the linearity of an audio
amplifier. Connect the output from an audio oscillator to both
the vertical- and horizontal-input terminals of the scope, as

Fig. 11-1. Check of scope 200
linearity. OSCILLATOR Scope
o —oV H
o 6

shown in Fig. 11-1. (The waveform of the audio oscillator is
of no concern here.) Now set the audio oscillator frequency to
approximately 400 cycles. A diagonal-line display appears on
the scope screen.

If the scope amplifiers are linear, a perfectly straight line
is displayed. If the amplifiers are not linear, the line may have
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some curvature, as in Fig. 11-2. For an accurate evaluation,
place a straight-edge along the pattern. This is the reference
pattern used in the following test. Connect the equipment as
shown in Fig. 11-3. Load resistor R must have adequate wattage
rating, and its resistance should equal the recommended load
impedance for the amplifier. The amplifier should be driven
to its maximum rated power output. Power output is deter-
mined by measuring the AC voltage across R. The voltage is
measured in rms units, with an ordinary VOM. The power in
watts is equal to E2/R.

Fig. 11-2. Reference linearity pattern.

Now, observe the pattern on the scope screen. If it is exactly
the same as the reference pattern, the amplifier under test is
linear. On the other hand, more or less nonlinearity is indicated
by more or less departure from the reference pattern. If the
amplifier under test has good performance characteristics, there
may be some doubt whether or not the scope pattern really
shows any departure from reference. In fact, very small
amounts of nonlinearity are difficult to evaluate with certainty.

An amplifier which has substantial nonlinearity at high
power output usually shows less nonlinearity when the power
output is reduced. Any amplifier develops increasing non-

O

AUDIO AMPLIFIER O{u ‘L_OSVCOPEO_W

OSCILLATOR UNDER R
TEST 9

Fig. 11-3. Amplifier linearity check.

linearity as the power output is increased. Objectionable non-
linearity at rated power output can be caused by incorrect grid
bias, low plate or screen supply voltages, defective transform-
ers, off-value resistors, or open bypass capacitors. Leaky cou-
pling capacitors change the normal grid bias on a tube. Leaky
or shorted cathode-bypass capacitors change the normal cath-
ode bias. If a coupling capacitor is low in value, the preceding
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stage must be overdriven to obtain rated power output, with
resulting nonlinearity. An open capacitor in a feedback net-
work causes amplitude nonlinearity.

/00O QN

45 90° 135 180°
315° 270° 225°

Fig. 11-4. Typical phase-shift patterns.

PHASE SHIFT

Unless the amplifier is defective, it is very unlikely that
you will observe any phase shift in the pattern at 400 cycles.
Phase shift in the amplifier under test causes the line pattern
to open up into an ellipse. The proportions of the ellipse in-
dicate the amount of phase shift. Some key patterns are illus-
trated in Fig. 11-4. Amplifier defects resulting in phase shift
include low-value coupling, decoupling, and bypass capacitors,
defective transformers, or a defect in the feedback circuit.

Any amplifier, including the scope amplifiers, will exhibit
phase shift at some limiting upper frequency. Here, stray cir-
cuit capacitances begin to become significant. The stray capaci-
tances have a partial bypassing effect around plate-load resis-
tors in particular, causing the load to become noticeably
reactive at the high test frequency. Phase shift is always the
result of reactance. Unless amplifiers are DC-coupled, they
also exhibit phase shift at some limiting low frequency. This
occurs because the values of coupling, decoupling, and bypass
capacitors are insufficient to maintain negligible reactance at
the low test frequency.

In case of simultaneous amplitude nonlinearity and phase
shift, a distorted ellipse is displayed. The ellipse appears more
or less flattened, skewed, or egg-shaped with one end more
“open” than the other. In hi-fi amplifiers, nonlinearity is more
objectionable than phase shift, because listeners detect non-
linear distortion more readily than phase shift in the audible
output. The better hi-fi amplifiers are designed however to
minimize phase shift.

LINEAR TIME-BASE DISPLAYS

Beginners often ask why the cyclogram test depicted in Fig.
11-3 is preferred to a display on a linear time base (sawtooth
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Fig. 11-5. Distorted sine wave.

deflection). The reason is that small amounts of distortion are
much more difficult to observe on a linear time base. If sub-
stantial distortion is present, as in Fig. 11-5, it is immediately
evident, but on the other hand, it is practically impossible to
observe small amounts of distortion. If a linear time base is
used, adopt the same precautions in establishing a reference
pattern, as previously described. Connect the audio-oscillator
output directly to the scope’s vertical-input terminals, and ob-

.

D0 AMPLIFER L SCOPE
OSCLLATOR % R %
\ 1ov
ouTRUT INPUT S T 1 o0

Fig. 11-6. Checking a screen-bypass capacitor.

serve this reference pattern. It shows the combined effect of
observable distortion in the generator waveform, plus possible
additional distortion from the scope’s vertical amplifier.
Where the technician is concerned only with the signal am-
plitude, as in gain measurements, a linear time base serves
satisfactorily. It is also appropriate for checking bypass capaci-
tors, as seen in Fig. 11-6. If the bypass capacitor is satisfactory
at the test frequency, little or no AC voltage is present. An
open capacitor, however, causes a large deflection on the scope
screen. A linear time base is also used when a scope supple-
" ments a harmonic-distortion meter, as shown in Fig. 11-7. The
harmonic-distortion meter filters out the fundamental in the
test frequency, and passes the harmonics. The meter indicates
only the percentage of harmonic distortion, but the scope will
show whether second, third, or higher harmonics are present.

O

Auio HARMONIC SCOPE
0SCLLATOR AMPLFER ne L OISTORTION
S 7o) METER 9 v
OUTPUT, INPUT i INPUT  QuTPyY s

Fig. 11-7. Scope identifies the nature of distortion.
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When the positive peaks of a sine wave are clipped or com-
pressed (Fig. 11-8), even harmonics are generated. The wave-
form is unsymmetrical. If both positive and negative peaks
are clipped equally, the resulting waveform is symmetrical, and
odd harmonics are generated. Again, if positive and negative
peaks are clipped unequally, both odd and even harmonics
are developed. Any change in the shape of a sine wave, no
matter how gradual and regardless of the portion of the wave
affected, generates harmonics.

Fig. 11-8. Severe even-harmonic dis-
tortion of a sine wave.

Parasitic oscillation is identified easily in scope tests. It
causes a “bulge” on the waveform, usually at the peak. (See
Fig. 11-9.) The bulging or ballooning interval consists of a high-
frequency oscillation, generally occurring on the peak of drive
to a tube which is being driven into grid current flow. When
the grid is being driven positive, the grid-input resistance falls
to a comparatively low value. Stray reactances in leads and
transformer windings can then “see” a high Q which permits a
brief interval of high-frequency oscillation. Parasitic oscilla-
tion is commonly controlled by connecting small resistors in
series with the grid and plate leads at the socket terminals.

FARASITIC OSCILLATION
Fig. 11-9. Appearance of parasitic os-
cillation on a sine wave.
\]E e

Notch distortion, if appreciable, can also be seen in a scope
pattern. This difficulty occurs principally in push-pull ampli-
fiers which are incorrectly biased. This distortion is exhibited
as irregularities in the shape of the sine wave in passing through
the zero axis. Notch distortion is aggravated by high-level
drive. Any push-pull amplifier develops this type of distortion
when driven too hard. If the distortion occurs at rated power
output, check the bias voltages at the push-pull tubes. If the
bias is correct, check for low plate or screen voltages.
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SQUARE-WAVE TESTS

High-fidelity amplifiers are often rated for a square-wave
response. A different class of information is provided by square-
wave tests, which supplements the data from steady-state tests
with an audio oscillator. The leading and trailing edges of a
square wave are very steep and therefore the rise and fall
times of an amplifier become apparent. This is sometimes re-
ferred to as the attack-time of the amplifier. It is a transient
response, as contrasted to a steady-state response. In theory,
it is possible to deduce the transient characteristics from a study
of the frequency and phase response over the passband of the
amplifier. Practically, however, this becomes almost prohib-
itively difficult, particularly when several audio stages are
cascaded.

Fig. 11-10. Checking the transient re-
SCOPE
sponse of the scope.
SQUARE -WAVE
GENERATOR v
oG

Most oscilloscopes have vertical amplifiers which exceed the
capabilities of a hi-fi amplifier in square-wave tests, but this
is not true of all. It is advisable, therefore, first to check the
transient response of the scope, as depicted in Fig. 11-10. Any
distortion over the contemplated range of square-wave test
frequencies must be taken into account, so that it is not im-
properly charged to deficiencies in the audio amplifier. It is
common to find tilt in the top of a 60-cycle square wave, as
seen in Fig. 11-11. In an AC scope, the coupling, decoupling,
and bypass capacitors in the vertical amplifier may be too small
in value to reproduce a 60-cycle square-wave without tilt. Or,
the square-wave generator itself may not be free from tilt at
low frequencies.

' p— St N
Fig. 11-11. Tilt in the top of a square Fig. 11-12. Low-frequency overcom-
wave is cavsed by low-frequency at- pensation causes top of square wave
tenvation and phase shift. to slope uphill.
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When a 60-cycle square wave is passed through the audio
amplifier, any tilt contributed by the amplifier will be added
to the reference waveform. It is much less common to find
uphill tilt, as shown in Fig. 11-12. This response is caused by
overcompensation of low frequencies. In audio amplifiers, the
cause is usually traced to a defect in the feedback network. An
open capacitor in some feedback circuits can result in more
negative feedback at low frequencies than at high frequencies.

Theoretically, a 60-cycle square-wave test gives all the in-
formation about transient response which can be obtained.
There is no reason why tests are required at higher square-
wave frequencies. A practical difficulty arises, however, in
evaluating the extremely high harmonic responses from a
60-cycle test. High harmonics have less amplitude, and their
effect on the reproduced waveform tends to be masked by low-
frequency harmonics. Moreover, fine detail of corner reproduc-
tion is so highly compressed at low test frequencies that the
display is not readily evaluated. Finally, attack time becomes
plainly visible only at high test frequencies, when ordinary
sawtooth deflection is used.

Fig. 11-13. Slow rise and fall times.

The meaning of attack time is seen in Fig. 11-13. It is the
time required for the square wave to rise from 109 to 90%
of its final amplitude. In order to measure attack time, ad-
vance the square-wave test frequency until the attack interval
occupies a usable horizontal interval. Compare the attack
interval with the total interval for one complete square-wave
cycle. Knowing the frequency of the square-wave signal, its
period (time of a complete cycle) is given by the reciprocal
of the frequency. The attack time is given, in turn, by the
fraction of the total interval occupied by the attack interval.

OVERSHOOT

Overshoot is a characteristic often associated with attack
time (Fig. 11-14). An amplifier which has a very short attack
time may, in turn, display objectionable overshoot. High-
fidelity amplifiers are occasionally rated for overshoot at a
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specified square-wave frequency. This rating is given as a per-
centage. To measure percentage overshoot, compare the am-
plitude of the overshoot pulse with the total amplitude of the
square wave between its flat-topped portions.

Causes of overshoot are a rising high-frequency response in
the amplifier circuits (sometimes due to a defective feedback
network), or to uncoupled inductance in transformers. Make
certain that the amplifier. under test is working into the rated
load. Some amplifiers are more load-sensitive than others.

Fig. 11-14. Overshoot occurring in a Fig. 11-15. Severe ringing occurring in
square-wave pattern. square-wave pattern.

Overshoot may be accompanied by ringing, as shown by the
severe situation in Fig. 11-15. When ringing is encountered,
first check the feedback network. Defective transformers can
also be responsible for this symptom.

Most audio transformers ring and otherwise distort a square
wave if the test frequency is too high. Hence, a meaningful test
is obtained only within the square-wave limits specified by
the manufacturer. An improperly loaded transformer may also

Fig. 11-16. Parasitic oscillation occur-
ing in square-wave fests.

ring within its rated range. Normal loading damps the wind-
ings and suppresses the response of uncoupled inductance and
distributed capacitance. Therefore, in event of difficulty, check
for circuit defects which may reduce normal loading for even
a high-resistance connection can be responsible.

Parasitic oscillation occasionally occurs in square-wave tests
(Fig. 11-16) just as in sine-wave tests. If the output from the
square-wave generator is reduced, the spurious oscillation
152
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usually will disappear. It is eliminated in most cases by con-
necting 50-chm resistors at the plate and grid terminals of the
offending tube. If due to a defective feedback network, sup-
pression resistors will not help—the defective component must
be located and replaced.
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INDEX

A

Above-ground test methods, 133-
134
AC test voltage, 13-16
Adjustment
centering-control, 7-9
focus-control, 9-11
intensity-control, 7
AFC or oscillator troubles, 89-90
Alignment curves, sweep, 51
Amplification, nonlinear, 26
Amplifier
circuit
horizontal, 24
vertical, 21
linearity check, 146
RF, troubleshooting, 59-63
sawtooth oscillator and blanking,

24
section, video-IF, 64
video
circuit, 72

signal tracing in, 71-76
wide-band, 54
Amplitude control, horizontal,
11-13
Astigmatism control, 9-10
Attenuator
dual-band step, 53
step, 30
Audio-output stage, gain, check of,
143
Audio stage tests, 143-144
Automatic
centering, 81
sync function, 34-36

B
Balanced vertical input to scope,
133
Basic gain displays, 137
Blanking

circuit, vertical-retrace, 115
network, vertical, 115-117
retrace, 25
Boost-~voltage filtering, 106
'BUS8 circuit, 77-80
Bypassing, incidental, function,
130-131

C

Cable, coaxial, 42
Calibrating facilities, 27
Calibration voltage measurements,
26-28
Capacitance~divider high-voltage
probe, 49-51
Capacitor
coupling
checks, 111-112
leaky, 78
screen-bypass, checking of, 148
Cathode circuit, 114-115
Centered sine wave, 80
Centering, automatic, 81
Centering-control adjustment, 7-9
Checking drive, 98
Checks ]
coupling capacitor, 111-112
linearity, 145-147
cathode, 114-115
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Checks-—cont’d
ghosts, 76
horizontal-amplifier, 24
loading, 43, 123
variations, 85-86
vertical-amplifier, 21
vertical-retrace blanking, 115
video-amplifier, 72
Circuit
'BUS, 77-80
circular cyclogram, 38
clipped sine wave, 22
coaxial cable, 42
comparison waveform, 96
complex waveforms, 29-30
compressed sync pulses, 67
compression, white, 73-74
compromise-type demodulator
probe, 46
Configuration
front-end, 60-61
stacked B+, 127-128
sync-separator, 77
Contrast, low, 63-70
Control
astigmatism, 9-10
centering, adjustment, 7-9
focus, adjustment, 9-11
frequency, 24-25
horizontal-amplitude, 11-13
horizontal-function, 11-13
intensity
adjustment, 7
setting, 16-17
potentiometer gain, 20
sync, 16
vertical-centering, readjustment
of, 80-81
Controls
frequency, 14
gain, 17-24
horizontal, 23-24
step, 20-23
vertical, 17-20
Coupling capacitor
checks, 111-112
leaky, 78
Current waveforms, 131-132
Curve, response, 66
Curves, sweep-alignment, 51
Cyclogram, circular, 38
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DC scope response, 31
DC versus peak-to-peak volts,
30-32
Defects, oscillator, 140-141
Definition, poor, 74-76
Demodulator probe, compromise
type, 46
Demodulator probes, 45-48
Differentiation in square wave, 76
Display, linear time-base, 147-149
Displays, basic gain, 137
Dividers, voltage, 20
Drive
checking, 98 -
low, 101-102
Dual-band step attenuators, 53

External sync function, 32-34

Facilities, calibrating, 27

Fall and rise times, slow, 151
Feedback waveforms, 112-113
Fields, stray, 51-52

Filter, input waveform to, 128-130
Filtering boost voltage, 106
Fluctuating line voltage, 41
Focus-control adjustment, 9-11
Frequencies, high and low, 20
Frequency controls, 14, 24-25
Front-end configuration, 60-61

Function
control, horizontal, 11-13
sync, 32-36

automatic, 34-36
external, 32-34

G
Gain
check of audio-output stage, 143
controls, 17-24
horizontal, 23-24
potentiometer, 20
step, 20-23
vertical, 17-20



Gain—cont’d
displays, basic, 137
measurements, 136-137
stage, 69-T0
Ghosts, circuit, 76
Graticules, 9
Ground-circuit difficulties, 70-71
Ground lead of scope probe, 55-58

High frequencies, 20
High-voltage
capacitance-divider probe, 49-51
power supply, 104-105
Horizontal
-amplifier circuit, 24
-amplitude control, 11-13
-function control, 11-13
-gain control, 23-24
nonlinearity, 26
oscillator
and AFC configuration, 87
circuit variations, 97
section, signal tracing in, 91-93
Hum bar in picture, 68
Hum in IF signal, 68-69
Hum tracing, 144
Hybrid sine and square waves, 73

IF
section, signal tracing in, 63-71
signal, hum in, 68-69
stage troubles, 142-143
Incidental bypassing function, 130-
131
Input waveform to filter, 128-130
Integrator input waveforms, 110
Intensity-control adjustment, 7,
16-17
Intercarrier-section test signal,
118-123
Inverter, phase, 82-84
Isolating probe, resistive, 48

J
Jumping pattern, 41

Key square-wave reproductions, 39
Keystoning, 106-107

L

Leaky coupling capacitor, 78
Limiter characteristics, 123-126
Line voltage, fluctuating, 41
Linear time-base display, 147-149
Linearity checks, 145-147
Lissajous patterns, 36-37
Loading, circuit, 43
minimizing, 123
Looker point, 59
Loss of syne, 67
Low-C probe response, 54-55
Low-capacitance probe, 43-45
adjustment of, 44-45
configuration, 43-44
Low
contrast versus stage gain, 65-70
drive, 101-102
frequencies, 20

M
Magnifier, sweep, 36
Measurements
calibration voltage, 26-28
gain, 136-137
peak-to-peak voltage, 26-28
Modulated sine wave, 55

Multivibrator and ringing-coil con-
figuration, 95-97

Narrow-band versus wide-band
response, 53

Narrow picture, 102-103

Narrow pulses, 37-38

Negative pulses, 80

Network, vertical-blanking, 115-
117

Noise-gate signal, 79

Nonlinear amplification, 26

Nonlinearity, horizontal, 26
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Oscillation, parasitic, 149, 152

Oscillator defects, 140-141

Oscillator or AFC trouble, 89-90

Oscilloscope, simple, 8

Output, phase-inverter, 84

Output transformer, vertical, 113-
114

Overloading, 22

Overshoot, 151-153

P

Parasitic oscillation, 149, 152
Pattern, stray-field, 52
Pattern jumping, 41
Patterns, Lissajous, 36-37
Peak-to-peak
versus DC volts, 30-32
voltage measurements, 26-28
Phase-inverter stage, 82-84
Phase shift, 147
Picture
hum bar in, 68
narrow, 102-103
pulling, 67
quality, poor, 65-67
Point, looker, 59
Poor
definition, 74-76
picture quality, 65-67
Positive pulses, 80
Potentiometer gain control, 20
Power supply, high-voltage, 104-
105
Probe
demodulator, 45-48
high-voltage capacitance-divider,
49-51
low-capacitance, 43-44
adjustment of, 44-45
configuration, 43-44
resistive isolating, 48
response, low-C, 54-55
scope, ground lead of, 55-58
Pulling, picture, 67
Pulse waveform, 29, 96
Pulses
narrow, 37-38
negative, 80

158

Pulses—cont’d
positive, 80
syne, compressed, 67

Raster, shaded and pincushioned,
106
Readjustment of vertical-centering
control, 80-81
RF amplifier, troubleshooting, 59-63
Reproductions, key square-wave,
39
Requirements of scope, 135-136
Response
curve, 66
DC scope, 31
low-C probe, 54-55
scope, transient, 150
wide-band versus narrow-band,
53
Resistive isolating probe, 48
Retrace blanking, 25
Ringing, 76
Ringing-coil
and multivibrator configuration,
95-97
check, 93
Ringing in square wave, 152
Rise and fall times, slow, 151

S
Sawtooth
oscillator and blanking amplifier,
24
waveform, 96
Scope

DC, response of, 31
probe, ground lead of, 55-58
requirements, 135-136
transient response, 150
vertical balanced input, 133
Screen-bypass capacitor, checking
of, 148
Separated sync signal, 78
Setting intensity control, 16-17
Shaded and pincushioned raster,
106



Shift, phase, 147
Shorted turns, test setup for, 114
Signal
IF, hum in, 68-69
noise-gate, 79
sync, separated, 78
test
for intercarrier section, 118-123
type of, 140
video, undistorted, 67
Signal tracing
horizontal-oscillator section, 91-
93.
IF section, 63-71
in video amplifier, 71-76
Simple oscilloscope, 8
Sine wave
centered, 80
clipped, 22
modulated, 55
Single-cycle display, 15
Slow rise and fall times, 151
Sound-section configuration, 119
Square wave, 38-41
differentiation in, 76
‘reproductions, key, 39
ringing in, 152
tests, 150-151
Stacked B+ configuration, 127-128
Stage, phase-inverter, 82-84
Stage gain
test setup, 69
versus low contrast, 69-70
Step attenuator, dual-bandwidth,
53
Step attenuators, 30
Step-gain control, 20-23
Stray fields, 51-52
Supply, power, high-voltage, 104-
105
Sweep-alignment curves, 51
Sweep circuit, troubleshooting, 100-
101
Sweep magnifier, 36
Sync
control, 16
function, 32-36
automatic, 34-36
external, 32-34
loss, 67
pulses compressed, 67

Sync—cont’d
separator
configuration, 77
with phase-inverter stage, 82-
84
signal, separated, 78
Synchroguide ringing-coil check, 93
Synchronization, ' vertical, 108-111

T
Test
methods, above-ground, 133-134
setup

for shorted turns, 114
stage-gain, 69
signal
for intercarrier section, 118-123
type of, 140
voltage, AC, 13-16
Tests
audio stage, 143-144
square-wave, 150-151
Time-base display, linear, 147-149
Tracing hum, 144
Transformer, vertical-output, 113-
114 A
Transient response, scope, 150
Troubles, IF stage, 142-143
Troubleshooting
RF amplifier, 53-63
sweep circuit, 100-101

u
Undistorted video signal, 67

v

Vertical
-amplifier circuit, 21
blanking network, 115-117
-centering control, readjustment
of, 80-81
-gain control, 17-20
input to scope, balanced, 133
-output transformer, 113-114
-retrace blanking circuit, 115
synchronization, 108-111
Video
-amplifier circuit, 72
signal tracing in, 71-76
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Video—cont’'d
-IF amplifier system, 64
signal, undistorted, 67
Voltage
AC test, 13-16
boost, filtering, 106

dividers for low and high fre-

quencies, 20
fluctuating line, 41

w

Waveform
comparison, 96
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Waveform—cont'd
input, to filter, 128-130
pulse, 29, 96
sawtooth, 96
Waveforms
complex, 29-30
current, 131-132
feedback, 112-113
integrator input, 110
Wai/es, square, 38-41
White compression, 73-74
Wide-band
amplifier, 54

versus narrow-band response, 53
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