



















































































































































































































































































































































































































































































152 HOW TO USE TEST PROBES

characteristic impedance of an antenna lead-in and the impedance of the an-
tenna, or between it and the input impedance of the front end of the tv receiver,
converter, or booster with which it is associated. The balanced output circuits of
signal generators, the characteristics of interference-elimination stubs, the imped-
ance match between a balun and its load, or that between a converter or booster
output circuit and the tv receiver front end input circuit, may also be checked
in the same manner. The equipment setup for checking impedance mismatch
between an antenna lead-in and the input circuit of the tv receiver’s front end
is illustrated in Fig. 7-29A. Similar setups may be used for other tests of this type.

A sweep voltage of suitable center frequency and deviation is fed to the
input end of the lead-in, balun, or other device, by a properly terminated sweep
generator, and the balanced-input demodulator probe is arranged to pick off the
signal voltage appearing at either the input end as shown or at the other end
(which is connected to the load to which it is supposed to be matched). If line
mismatch is being checked, the transmission line should be at least 20 or 25 feet
long so that appreciable standing waves can be developed at representative tv
signal frequencies. The line should be kept away from metallic objects and have
no sharp bends. If a perfect impedance match exists at all of the frequencies
swept through (and a sweep generator which has a flat output characteristic is
used), no variations in voltage will occur at the input to the balanced demodu-
lator probe at any of the frequencies swept through, and a flat trace will there-
fore appear on the scope screen. If an impedance mismatch exists and standing
waves are set up, the input voltage rises and falls in accord with the rise and fall
of impedance seen at the source end of the line. This produces a response curve
having pronounced peaks and valleys.

The degree of mismatch often encountered in practice is shown in Fig.
7-29B; here the highest voltage point resulting from the standing-wave pattern is
approximately twice the voltage at the lowest point. However, much more severe
conditions of mismatch may often be encountered. Such mismatch can be par-
tially corrected by sliding a piece of tinfoil along the line to a suitable point.
However, a better method is to adjust the coupling of the antenna coil properly
with respect to the r-f grid coil in the tuning strip. In this way, discontinuities
are not introduced into the lead-in which could affect operation on other
channels.

7-28. Demodulator Probe Application in TV Front-End Work

The signal-substitution method may be emploved for troubleshooting tv
receiver front ends. To determine whether the antenna signal is proceeding
through th r-f stage to the mixer grid, connect a scope directly to the tap
(“looker” point) usually provided on the mixer grid-leak. (It may be necessary
to insert an isolating resistor of about 50,000 ohms at the end of the scope cable
to avoid loading of the mixer grid circuit and detuning of the grid coil.) The
grid of the mixer is usually operated at zero bias, so that a nonlinear or hetero-
dyning action can take place. In consequence, there is a demodulated component
at the mixer grid, as well as sum-and-difference frequencies, the difference fre-
quency being accepted by the first i-f tuned circuit. Thus, the grid circuit of the
mixer operates as a diode detector, and the plate circuit operates as an amplifier.
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Therefore, with the scope connected to the mixer grid-leak “looker” point,
the r-f and mixer input response curve should appear on the scope screen when
a sweep signal is applied to the antenna terminals of the receiver. If a fixed-
frequency signal of a frequency approximately equal to that of the local oscil-
lator is applied to the antenna terminals instead, a demodulated Lissajous pat-
tern will be produced on the scope screen that is useful for adjusting the local
oscillator to correct frequency. If a strong tv station signal is applied to the
antenna terminals instead, a demodulated video signal display will be produced
on the scope screen. In each case, the demodulated output from the mixed grid
circuit is being used for display instead of the modulated r-f carrier, or the sum-
and-difference frequencies, or their harmonics, which are normally present.

If it is not possible to obtain a response trace at the mixer grid, it is neces-
sary to check the response of the antenna and r-f grid coils separately, and to
check the mixer coupling transformer separately. To check the antenna and r-f
grid coils, the setup shown in Fig. 7-30A may be used. The special low-impedance
high-frequency probe described in Sec. 7-11 is particularly well suited to this

0.Q00IUF __ _F_
KEEP THESE LEADS VERY— [~~~ k-~ DEMODULATOR
SHORT AND DIREGT < H = PROBE
3000 >
>
SCOPE
F
ANT. AMPLIFIER | o VERT
R-F TERMS =%t<cnD
SWEEP
GENERATOR ANTENNA  R-F GRID
con coiL
(A)
MIXER TUBE
DEMODULATOR
PROBE
I-F SWEEP POINT
SIGNAL
SCOPE
-C oV
(B) =06

Fig. 7-30. (A) If the test signal does not arrive at the mixer grid when trouble-
shooting the front end, the response of the antenna coil and r-f grid coil can be
separately checked by the instrument setup shown here. A low-impedance de-
modulator probe arrangement is required (see text). (B) A test setup which
utilizes the “looker” point on a front end as a signal-injection point to check the
progress of an r-f sweep signal through the mixer circuit. A demodulator probe
and scope are used to display the mixer output signal.
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work. If a general-purpose type demodulator probe is employed instead, its input
should be shunted with the 300-ohm swamping resistor and B+ blocking éapaci-
tor shown to load down the plate circuit of the r-f amplifier so that the response
of the r-f input circuit appears only on the scope. Both resistor and capacitor
leads must be very short and direct. If a special low-impedance probe of the type
described in Sec. 7-11 is used, the swamping resistor and blocking capacitor are
not required. Connection to the plate of the tube may be made by means of a
“gimmick” consisting of a small loop of wire slid under the tube base and
hooked over the plate pin. The demodulator probe is required here because the
signal now being sampled for test is the modulated sweep output of the r-f tube.

In case it is inconvenient to use a “gimmick” for connection to the plate of
the r-f amplifier tube, lift up the tube shield over the r-f tube far enough to
clear the grounding ring, and apply the demodulator probe between the floating
tube shield and chassis. The response curve will be distorted, but indication of
the presence of test signal will be definite.

The “looker point” on a front end is also useful as a signal-injection point
to check the mixer operation. Circuit (B) in Fig. 7-30 shows the test setup for
this check, using a demodulator probe applied at the mixer tube plate. The out-
put from the mixer is quite small, as the sweep signal is attenuated by the resis-
tance associated with the looker point. However, comparative gain measurements
can be made as for the r-f stage.

Somewhat more output is obtained in this test, and misleading spurious
cross beats on certain channels will be prevented, if 2 dummy tube is used in the
front end to disable the local oscillator. When the oscillator is operating, rectified
voltage from the local oscillator appears across the crystal diode in the demodu-
lator probe and biases the crystal to a less favorable operating point on its
characteristic.

Alternately, the mixer stage can be checked in combination with the local
oscillator, by injecting r-f sweep voltage at the looker point with the local oscil-
lator operating, and permitting it to beat with the local-oscillator voltage. The
difference beat is then accepted by the mixed plate circuit, and displayed on
the scope screen.

Regeneration, or oscillation present in the r-f or mixer stages can be tracked
down by the methods outlined in Sec. 7-26 for such troubles.

7-29. Demodulator Probe Application in Video I-F Amplifier Work

The demodulator probe finds some of its most important applications in
visual stage-by-stage alignment and signal-tracing operations performed in the i-f
amplifiers of tv receivers (see Fig. 7-28), because the carrier frequencies of the
test signals (up to about 50 mc) used in such work are usually well beyond the
frequency range of the vertical amplifiers of service-type scopes.

The danger of the possible harmful circuit loading, stage detuning, and
regeneration’ or oscillation which may be caused by the indiscriminate use of a
conventional general-purpose demodulator probe in i-f amplifier work has al-
ready been discussed in Sec. 7-10, and will not be repeated here. In the discussion
that follows, it is assumed that if such a probe is used, it wiil be properly shunted
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Fig. 7-31. Conventional method of checking the alignment, or testing the response,
of a single stage of a video i-f amplifier, using a demodulator probe and scope
for ‘visual indication.

in the manner shown in Fig. 7-13, or that one of the low-impedance type probes
discussed and illustrated in Sec. 7-10 will be employed instead.

(1) Stage-by-Stage I-F Amplifier Alignment. Stage-by-stage visual alignment
of i-f amplifiers is recommended by some tv receiver manufacturers, as they pro-
vide stage-by-stage response curves for guidance. This method is also frequently
resorted to if severe difficulty is being experienced in obtaining the proper overall
response curve for the entire i-f amplifier. There are two general methods of
making such a stage-by-stage alignment. In the first method, the video detector
serves as the demodulator for alignment, and the alignment must proceed from
the last i-f stage back to the first. The video detector output signal is fed directly
to the scope. Consequently, no demodulator probe is required.

In the other methods, a demodulator probe is used and the individual stages
may be aligned separately in any desired order. A sweep signal of proper fre-
quency (determined by the if. employed in the receiver), is applied to the grid
of the tube ahead of the tuned circuits under test, and the demodulator probe
and scope are applied to the plate of the tube following the circuit under test,
as shown in Fig. 7-31.

The technician will find that various types of crystal signal-tracing demodu-
lator probes produce varying degrees of distortion (of a horizontal sync pulse,
for example). Although a demodulator probe which produces minimum wave-
form distortion may be preferred for signal-tracing work, such a probe may be
rather disappointing when used to demodulate a visual-response curve, as the
marker indication will be very broad. Accordingly, a demodulator probe which
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Fig. 7-32. Typical patterns ob-
tained when the demodulator
probe detunes an i-f stage and
throws it into oscillation. Since
the scope deflection becomes
so small, an oscillating stage
due to probe loading can eas-
ily be confused with a weak
k) (8) or a dead stage.

provides some degree of filtering at the scope input circuit will usually be pre-
ferred for visual-alignment applications.

(2) Stage-by-Stage I-F Signal Tracing. When the gain of the i-f amplifier is
subnormal and cannot be restored by realignment, when the specified bandwidth
cannot be obtained, or when regeneration or oscillation is present and the pro-
per response curve shape cannot be obtained, the technician often wishes to
make a stage-by-stage signal-tracing check to localize the trouble in an i-f ampli-
fier. The receiver is then energized at the antenna terminals by a suitable modu-
lated r-f signal, or by a sweep-frequency signal, or by a sufficiently strong tv
station signal. The signal should have the same frequency as the channel to
which the tv receiver station selector is set. To trace this signal through the i-f
circuits of the receiver, a demodulator probe and scope combination is applied
successively to the plate terminals of the mixer, first, second, third and fourth
i-f tubes, watching the pattern on the scope screen. If the pattern disappears at
any point, the stage can be assumed to be dead (or oscillating), and trouble-
shooting is in order.

The type of pattern observed on the scope screen during signal-tracing pro-
cedures depends on the type of signal applied to the antenna terminals of the
receiver. If a tv station signal is used as the signal source, the composite video
signal will be seen on the scope screen. (A reasonably strong station signal must
be used in order to obtain satisfactory scope deflection when testing early i-f
stages, or a scope preamplifier must be used, because the signal level in the
earlier i-f stages is relatively low.) If the signal source is a sweep-frequency gen-
erator, the frequency-response curve of the stage will be traced on the scope
screen. For each of these signal sources, the height of the pattern from a zero-
volt baseline from one i-f stage to the next is a measure of the gain of that stage.
If a modulated r-f signal is utilized instead, the modulation waveform of the
signal will be observed on the scope screen, and the height of this waveform
from one stage to the next is a measure of the gain of that stage.

The result of a stage-by-stage check may reveal a dead, weak, regenerative, or
oscillating stage by the analysis methods outlined in Sec. 7-26 for such troubles.

Occasionally, when a demodulator probe is applied to the grid or plate
terminal of an i-f stage, little or no indication is obtained on the scope screen,
despite the fact that the stage is not weak or dead. This situation may be the

! For a comprehensive discussion of the alignment and signal-tracing of r-f, i-f and
video amplifiers, see TV TROUBLESHOOTING AND REPAIR GUIDEBOOK,
Vols. 1 and 2, by Robert G. Middleton, published by John F. Rider Publisher, Inc.,
New York, N. Y.
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result of excessive loading of the stage by the probe, or may be the consequence
of stage detuning which happens to throw the stage into oscillation, with the
result illustrated in Fig. 7-32. When trouble of this kind is encountered and a
low impedance type demodulator probe is not available, a conventional single-
diode probe, or a voltage-doubler probe, properly shunted as shown in Fig. 7-13
should be used. If the trouble still persists, a very small capacitor (approximately
1 ppf) should be connected in series with the tip of the probe to reduce the de-
tuning of the stage. A short length of 75-ohm 2-wire lead-in can serve as this
capacitor. One conductor is connccted to the test point while the probe is con-
nected to the other conductor.

(8) Importance of Proper Grounding of Demodulator Probe. Spurious scope
patterns due to oscillation and other causes may also be produced in i-f amplifier
alignment and signal-tracing work by the use of too long a ground-return lead
to the demodulator probe, and most of the difficulty experienced by beginners
is due to this cause alone. It should be remembered that this ground-return lead
is part of the carrier-frequency circuit of the probe, and it therefore conducts
current of carrier frequency. A demodulator probe with a moderately long
gound lead is quite satisfactory for video-amplifier checking, where the highest
carrier frequency to be accommodated is 4 or 4.5 mc. However, for use in video

Fig. 7-33. Signal-tracing in a video i-f amplifier with a crystal demodulator probe
and scope. Observe that the probe ground-return is clipped to chassis ground
(at lower left) as close as possible to the signal take-off point. Courtesy: Scala
Radio Co.
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Fig. 7-34. (A) Display of de-
modulated composite video i-f
signal obtained when scope is
connected via a low-capaci-
tance probe at the output of
the video detector in a tv re-
ceiver. (B) Stripped appearance
of the display of the demodu-
lated composite video r-f signal
obtained when the scope is
connected via a demodulator
probe at one of the video i-f
amplifier stages. There is a
(A) (B) definite reason for the differ-
ence in the appearance of the
two displays '(see text).

T

i-f circuit work, where the operating frequency ranges from about 20 to 50 mc,
a short ground-return lead to the probe is essential (see Fig. 7-33).

A parallel requirement is that the probe grounding connection be made as
close as possible to the signal take-off point in the receiver, especially at frequen-
cies above 100 mc. Unless this is done, there may be spurious patterns due to
ground-current effects at high frequencies. Those may take the form of consider-
able standing-wave voltage developed along ground leads, or even along a
grounded metallic surface. Many technicians think they can dispense with the
annoyance of progressively connecting and disconnecting the probe ground in
i-f alignment or signal tracing work, simply by running a permanent ground
lead from the scope case to the receiver chassis. In practice, a ground lead this
long almost invariably causes erratic operation.

The matter of proper probe grounding is of great concern in r-f amplifier
alignment and signal-tracing work when the signal source is of tv station fre-
quency, since the carrier frequency may then be appreciably above 54 mc. The
accuracy with which tests can be made at these frequencies often depends on the
way in which the demodulator probe is used. It is often found necessary to dis-
pense with the short ground-return lead that is provided with the probe, and to
make the ground return directly to the shielded case of the probe.

(4) Appearance of Composite Video Signal When Demodulator Probe is
Used. The technician often finds it difficult to understand why the composite
video signal looks different when viewed on a scope fed by a demodulator probe
which picks the video signal off one of the video i-f amplifier stages, as compared
with the appearance of the composite video signal when the scope is connected
via a Jow-capacitance probe at the output of the video detector in the receiver
(thereby employing the video detector as the demodulator in the test circuit).
This difference is shown in Fig. 7-34, and there is a definite reason for it.

It might be supposed, for example, that a demodulator probe could be built
with exactly the same circuit arrangement as is employed in a typical video detec-
tor, in order to obtain an excellent waveform of the demodulated video i-f sig-
nal. Unfortunately however, this demodulator probe would have to work into the
scope input capacitance (including that of the scope cable), which is many times
higher than the input capacitance of a video amplifier. The video-detector ar-
rangement in a tv receiver, with its peaking coils, etc., works into the relatively
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small capacitance presented by the input grid circuit of the video amplifier; the
demodulator probe, on the other hand, must work into as much as 50 to 100 ggf
of cable and scope input capacitance. For this reason, it is unfair to expect the
same demodulating ability from a simple, uncompensated demodulator circuit
that works into a scope cable as from the more complex, compensated demodu-
lator circuit working into the video amplifier in the receiver. In fact, if the
bandwidth of a demodulator probe is excessive, the probe will not be useful for
video-amplifier adjustment.

7-30. Demodulator Probe Application in Video-Amplifier Work

The video amplifier carries the actual picture or video frequencies, ranging
from 0 to 4 mc. In intercarrier receivers, it also usually carries the 4.5 mc sound-
carrier signal. One method of effectively signal tracing, or checking the frequency
response of, a video amplifier is by applying a sweep signal to its input circuit
and displaying its output on the scope screen. The video sweep signal used in
such tests usually varies from a low frequency of approximately 100 kc to 5 or
6 mc, 60 times a second.

Whether or not it will be necessary to use a demodulator probe with the
scope depends upon the frequency-response characteristic of the vertical amplifier
of the particular scope employed. A demodulator probe is not required for the
response display when a wide-band scope is used, provided, of course that the
scope has adequate sensitivity (see Fig. 7-35) and a flat frequency response out to
well over 4.5 mc. In this case, the sweep voltage is displayed directly. In the dis-
cussions which follow, it will be assumed that the limited frequency-response
characteristics of the scope to be employed makes the use of a demodulator
probe necessary. Because of its greater hum-voltage attenuation and better wave-
form-fidelity characteristics in this service, the shuntrectifier type of demodu-
lator probe is generally considered the most suitable for video-amplifier work.

(1) Sweep-Signal Testing of Video Amplifiers. The typical instrument setup
for a frequency-response check, or signal-tracing, in a video amplifier by means of
an applied sweep signal is shown in Fig. 7-36. The video detector is removed, or
the grid capacitor to the first video amplifier is disconnected from the detector.
The demodulator probe is connected at the signal-electrode (usually the grid)
terminal of the picture tube socket. The picture tube should be removed from

Fig. 7-35. (A) Response curve
of a swept video amplifier as
seen on the scope screen when
a demodulator probe is utilized
and the scope vertical ampli-
fier is being employed. (B)
Relatively small deflection ob-
tained on scope screen when
the output of a swept video
amplifier is applied directly to
the deflection plates of the
cathode-ray tube in the scope.
No demodulator probe or
scope vertical amplifier is em-
ployed. The video-frequency
sweep voltage is displayed di-
rectly here.

oM (B)
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Fig. 7-36. Instrument setup for frequency-response check, or signal tracing, in a
video amplifier by means of a sweep signal, if the video detector is not to be
included. The demodulator probe used in this work must meet several important
requirements (see text).

the socket so that the output circuit of the video amplifier is not loaded exces-
sively during the test. This results in the first important requirement of the de-
modulator probe employed in this work, and is one reason why a demodulator
probe which is satisfactory for video i-f amplifier signal tracing and alignment
work may well be quite useless for video-amplifier work. The reason is that the
frequency response characteristic of the video amplifier depends in great part
on the shunt capacitance of the load connected across its output circuit, that is,
upon the capacitance loading. If this shunt capacitance is appreciably greater
than the input capacitance of the picture tube, the high-frequency response will
appear to be very poor. On the other hand, if the shunt capacitance of the test
circuit is appreciably less than the input capacitance of the picture tube, the
frequency response will appear to be better than it really is when the receiver
is in operation.

Obviously, the input capacitance of the demodulator probe used in this
work should be approximately the same as the picture tube input capacitance,
so that the capacitance loading on the output circuit will be the same as exists
during normal operation of the receiver.

The probe must also have good response to 60-cycle square waves, because
the demodulated sweep output is of the same general form as a 60-cycle square
wave. If the time constant of the probe is too long, the scope will indicate a true
rise, and a false fall, of the response curve.

The frequency characteristic of the demodulator probe is largely controlled
by the value of the series isolating (filter) resistor which forms part of the probe
filtering circuit. Unless this value falls within a suitable range to make the time
constant of the filter suitable, a distorted reproduction of the video response
curve will result, as shown in Fig. 7-37. The circuit constants shown in the de-
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modulator probe circuit in Fig. 7-9A are found to provide generally satisfactory
probe operation in this work.

The video response curve produced by this test setup does not include the
response of the video detector. If it is required to check the response of this
circuit along with that of the video amplifier, a sweep generator and a single-
frequency r-f generator are employed to apply their signals ahead of the video
detector. In this case, the two signals beat together in the video detector and
produce a sweep output modulated in accordance with the response character-
istic of the circuit under test. The output of the video amplifier is then applied
through a demodulator probe to the scope.!

The results of a signal-tracing check of the video amplifier by the foregoing
method may show a dead, weak, regenerative, or oscillating stage.

When making regeneration tests in video amplifiers, it is sometimes found
that the available deflection on the scope screen is somewhat small, due to the
fact that only one stage is being swept, and also because the output from the
video sweep generator is attenuated by the isolating resistor which must neces-
sarily be used. In such cases, it will be found that a voltage-doubler type of

Fig. 7-37. The series filtering
resistor in the output circuit
of the demodulator probe must
have a value which makes the
time constant of the filtering
circuit fall within a suitable
range for the maximum rate
of change of the signal that
will be encountered in the ap-
plication. Otherwise a distor-
ted response trace will be ob-
tained. (A) Filter resistor 500 N FILTER RESISTOR

value much too low (time ({INSUFFICIENT) (A)

displayed due to inadequate- §.000 N FILTER RESISTOR
filtering action provided by the ¥ (INSUFFICIENT) (8)
value of series filter resistance

(longer time constant) is used.

filter - resistance value) the 200,000 N FILTER RESISTOR
scope will indicate a true rise, (GREATLY IMPROVED) )

constant much too short) for

the application. This causes the

scope to indicate a true fall,

but a false rise, in the actual

video amplifier response, so a ]
distorted response trace re-

sults. The broad, fuzzy inter- \ ./
ference near zero frequency

(at the center of the trace) is

excessive unfiltered response

probe output circuit. (B) Less

probe distortion when a higher

(C) Greatly improved response {
curve when a resistance value

close to the correct one for

this application is employed.

If the time constant of the

probe is made too long (by

the use of too high a series

but a false fall, in the actual

video amplifier response.
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Fig. 7-38. Distorted video re-
sponse trace obtained when
a simple series-type demodula-
tor probe is used to demodu-
late the output sweep signal
from a video amplifier in
which strong hum voltage is
present. The hum distortion is
seen to be severe, and the
time constant of the probe is
excessively long for the rate
of change of the modulation
envelope.

demodulator probe will provide approximately double the deflection on the
scope screen, and thereby often facilitate the test considerably.

(2) Hum-Rejection Requirements for the Demodulator Probe. If 60-cycle
or 120-cycle hum voltage is introduced into the test signal in some manner by
the receiver, the visual response curve will be distorted accordingly. If a sweep
signal having the customary 60 cps repetition rate is being employed, the trace
and retrace will not lay over each other but will be displaced by an amount
proportional to the hum voltage as it goes through its cyclic changes. The result
is that distortion and displacement of the trace and retrace relative to each other
occur. The resulting pattern (see Fig. 7-38) depends on the magnitude and the
frequency of the hum voltage, and upon the phase relationship between the hum
voltage and the test signal. It is evident that hum distortion in the video-ampli-
fier response trace can be a troublesome problem unless a suitable type of de-
modulator probe which discriminates against 60-cycle or 120-cycle a-c hum vol-
tage present in the signal to be displayed, is used with the scope. The shunt type
of probe is generally found to have the best hum-rejection properties.

(8) Square-Wave Testing of Video Amplifiers. A square-wave test for video
amplifiers is preferred by some technicians over the foregoing sweep-frequency
test. This is true because the larger harmonic content of the square-wave test
signal enables the amplifier characteristics to be checked over a wide frequency
range, and also because it shows up important phase distortion as well as fre-
quency distortion in the amplifier. A demodulator probe is not required in this
test, but a wide-band scope must be used.

7-31. Demodulator Probe Application in Sound-Section Work

A d-c scope converts an a-m demodulator probe into an f-m peak-indicating
probe. Therefore, an f-m demodulator probe, although practical, is not needed
in troubleshooting or adjusting the f-m circuits of the sound section of a tv
receiver (or of an f-m aural receiver).

(1) Demodulator Probe Used to Develop Visible Marker for S-curve. The
demodulator probe also finds useful application in ratio-detector work in the fm
section during sweep alignment of the tuned circuits. Because of the inherent
a-m rejection by a properly operating ratio-detector circuit, it is often found
difficult or impossible to distinguish the 4.5-mc marker employed on the S-curve
in this work. This situation is illustrated in Fig. 7-39A. The 4.5-mc point on the
S-curve can be easily located, as shown in part B of the figure, by applying the
sweep voltage in parallel with the marker voltage, through a demodulator probe,
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into the vertical amplifier of the scope. The probe has no a-m rejection proper-
ties, so the 4.5-mc marker now appears along the swept trace, as shown. By tun-
ing the sweep generator, or by adjusting the horizontal centering control of the
scope, the marker can be brought to the exact center of the screen, as shown in
Fig. 7-39B, so that the vertical center line of the scope screen indicates the 4.5-mc
point. Next, the demodulator probe can be disconnected and the ratio-detector
circuit placed in the test setup. Although the 4.5-mc marker is now invisible, it
is known that the point of intersection of the S-curve with the vertical center
line of the scope screen marks the 4.5-mc point on the S-curve.

Use of a voltage-doubler type general-purpose demodulator probe has an
advantage in this application in case the marker voltage is quite weak, as the
marker will appear a double-height on the scope screen when this type of de-
modulator probe is used (see Sec. 7-15).

(2) Use of Demodulator Probe to Reveal Presence of Spurious Voltages. A
d-c scope and a general-purpose demodulator probe make a useful combination
for revealing the presence of spurious voltages in the f-m sound system. For ex-
ample, it may be used to reveal any modulation which may be impressed on the
4.5-mc f-m sound signal by the picture signal (mainly by the vertical sync pulse)
during the course of passage of the signals through the video if circuits. The
resting position of the scope beam is first noted on the screen before any signal
is applied. Next, the f-m sound signal just ahead of the ratio detector is applied
to the demodulator probe, and the sound signal pattern appears on the scope
screen, rising above the zero-volt level by an amount which is determined by the
d-c component of the signal. This in turn is determined by the percentage of
the modulation. The latter is measured directly from the pattern. If its value is
more than about 35 to 40 percent, trouble should be sought in the video i-f cir-
cuits, or possibly the video amplifier circuits, before the sound circuits are
investigated.

It is sometimes observed during such tests, that the scope trace appears at
some distance above the zero-volt level when the demodulator probe is applied
to the sound circuits under test and no sound signal is present. The deflection
in this case is due to spurious voltages present in the amplifier, which may be
caused by internal or external interference. The possibility of external inter-
ference entering the receiver can be checked by switching to other tv channels,
or by removing the video-detector tube.

Fig. 7-39. (A) A ratio-detec-
tor S-curve is often difficult
to mark because the a-m re-
jection of the ratio-detector
circuit rejects the beat marker.
(B) A general-purpose de-
modulator probe may be used
to make the 4.5-mc marker
visible on a separate swept
trace, thus calibrating the ho-
rizontal baseline of the scope.
The marker may be made to
appear at the exact center of
the screen, as shown.
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Internal interference is usually caused by some form of oscillation in the
sound amplifier or video amplifier, or both. Tubes can be removed progressively,
to find out which stages are involved, or a bypass capacitor can be shunted from
the grid of each tube, in turn, to ground. The shunting method breaks the feed-
back path, and causes the scope trace to drop to the zero-volt level.

(3) Buzz-pulse Tracing in the Sound I-F Amplifier. A scope, together with
a conventional general-purpose demodulator probe of the type illustrated in
Fig. 7-9, or a voltage-doubler type as in Fig. 7-18, can be used to view trouble-
some 60-cycle buzz voltage that may be present in the 4.5-mc f-m circuits of the
sound amplifier, in order to localize it to its origin. The circumstance leading
to the production of the buzz pulses determines the appearance of the waveform.
When the 4.5-mc sound signal is displayed on the scope screen, excessive buzz
voltage in this circuit will become apparent as a 60-cycle pulse which usually has
a vague resemblance to the vertical sync pulse from which it is derived (see Fig.
7-40). This occurs in the case of tunable buzz. In the case of untunable buzz, the
pulse more often appears as a sharply pointed 60-cycle spike voltage.

Buzz problems are frequently difficult to solve, because there are a large
number of points in a receiver where buzz pulses may originate and be intro-
duced. Tuned heads are required in conjunction with the demodulator probe
when checking for buzz in circuits that normally carry picture signals.2

(4) The Demodulator Probe Should be Applied in Low-Impedance Circuit.
It is always advisable to apply the demodulator probe in a low-impedance cir-
cuit in the sound i-f amplifier or ratio-detector circuit. If the receiver does not
afford low-impedance test points, it is practical to insert a resistor having a value
of 5 or 10 ohms between the cathode of the tube being tested and chassis. The
small voltage drop across the resistor has no practical effect on the circuit opera-
tion, but provides enough signal voltage for full-screen deflection on a sensitive
scope. The blocking capacitor in the demodulator probe blocks off the d-c drop,
but passes the spurious a-c voltage which is then demodulated for display on
the screen of the d-c scope.

7-32. Special Demodulator Probe to Test for Presence of
Spurious Voltages in Heater Lines

The technician will obtain much additional utility from demodulator probes
if he is alert to the possibility of special applications for them. For example, diffi-
culty in receiver operation is sometimes encountered because of feedback of high-
frequency voltages through heater lines. Direct application of the scope to the
heater line in order to detect or study such spurious voltages cannot be resorted
to because the vertical amplifiers of conventional service-type scopes usually do
not respond to the high frequencies ordinarily involved in this type of trouble.
Also, the 60-cycle heater voltage which is present, is not appreciably attenuated
with respect to the high-frequency spurious voltage which is being sought. It will
be found that direct application of the scope merely displays the 6.3-volt a-c
heater voltage.

*For a comprehensive discussion of the causes, and the methods of tracing, the
origin of buzz pulses in a tv receiver, see TV TROUBLESHOOTING AND
REPAIR GUIDEBOOK, Vol. 1, Chapter 9 by Robert G. Middleton, published by
John F. Rider Publisher, Inc., New York, N. Y.
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Fig. 7-40. Appearance of a
60-cycle sync-buzz pulse at the
input of the ratio-detector cir-
cuit. Display obtained by us-
ing demodulator probe and a-c
scope. If a d-c scope is used,
the d-c component in the sig-
nal output from the demodu-
lator probe is utilized.

However, when a demodulator probe is used in the test, (especially if it
employs a relatively small value of series capacitance) it greatly attenuates the
60-cycle component, and the demodulation action of the probe develops the wave
envelope of the high-frequency spurious voltage, which then becomes visible
upon the scope screen. In most checks of this type, the attenuator of the service
scope must be advanced to maximum gain, or a pre-amplifier must be used. Use
of a voltage-doubler type demodulator probe is especially useful in this work,
because of its high sensitivity. If the heater-bypass capacitors open up, or if the
r-f chokes in the heater string become shorted, or are improperly dressed with
respect to other components, spurious voltages will increase in value, and cause
obscure difficulties in receiver operation. The demodulator probe and scope, ac-
cordingly, serve to provide definitive answers to the cause and location of such
troubles in case the heater string falls under suspicion.

When testing for the presence of spurious high-frequency voltages in heater
lines and similar circuits in this manner, it is desirable to obtain a high degree
of 60-cycle hum-voltage rejection in the demodulator probe employed, so that
the hum-voltage trace will not interfere with the high-frequency wave-envelope
trace. Hum rejection is greatly increased by the use of a small value of series
capacitor in the demodulator probe, and special probes may be shop-constructed
with this feature exaggerated for this particular type of work. The voltage-
doubler probe shown in Fig. 7-41 is of this type. (Compare the relatively small
value of series capacitance used in it with the much larger value employed in
the general-purpose voltage-doubler demodulator probe shown in Fig. 7-18.)

The same method of probe design can be used to obtain square-wave rejec-
tion when testing the output from a simple square-wave modulator.

7-33. Demodulator Probe Use in Marker and
Signal-Generator Checking
(1) Marker-Generator Accuracy Check. Questions frequently arise concern-

ing the accuracy of a marker generator. If a crystal oscillator is available (some
sweep generators have a built-in crystal oscillator), this can be used with a 1- or
2-mc crystal, a sensitive demodulator probe, and a scope, for calibration of the
marker generator. The output from the marker generator is paralleled with that
from the crystal oscillator, The mixed outputs are applied to the demodulator
probe which feeds into a scope that is being internally swept at any convenient
low-frequency rate, such as 60 cycles. Although the frequencies of the signals
from the marker generator and oscillator are too high to affect the scope directly,
the demodulator probe develops a beat envelope which will be visible on the
scope screen.
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Fig. 7-41, Special shop-constructed voltage-doubler demodulator probe designed
to have a high degree of 60-cycle voltage rejection due to the small size of series
capacitance employed in it. This type of probe is extremely useful for localizing
spurious high-frequency voltages in 60-cycle a-c heater lines.

As the marker-generator frequency is changed so that a beat is produced
that is within the frequency range of the scope, some vertical deflection occurs
and the waveform of the beat note appears on the screen. Therefore, as the
marker-generator frequency is varied through the frequency of the crystal oscil-
lator (or its harmonics), the difference frequencies and the zero-beat produced
in the probe circuit are clearly visible on the scope screen. In this manner,
calibration of the marker generator is made possible. If a 2-mc crystal is used,
beats will be encountered at 2 (strongest), 4, 6, 8, 10 . . . 30 mc. Above 30 mc
the harmonics will usually be rather weak for practical application, although use
of a voltage-doubler type demodulator probe in this work will enable the opera-
tor to work further out on the harmonics from a given crystal oscillator since
this type of probe gives approximately double the deflection on the scope screen
as is provided by a conventional single-diode probe.

(2) Calibrating a Signal Generator at 4.5 mc. A conventional signal genera-
tor may be calibrated accurately at 4.5 mc to be used as an accurate marker
source for sound-detector alignment, although a calibrating crystal oscillator may
not be available. Mix the input to the sound detector in a tv receiver that is
receiving a station signal, with the output of the signal generator, and apply the
beating waves to a pair of earphones through a demodulator probe. The strong-
est component on the sound-detector input is the 4.5 mc sound carrier, and an
casily distinguishable beat note will be heard as the signal generator is tuned
through 4.5 mc. In this manner, the signal generator may be calibrated accu-
rately at 4.5 mc.

(3) Checking Output of a Signal Generator for Presence of Hum Voltage.
The presence of hum voltage in the output of a signal generator is usually very
objectionable. It appears as either a simple mixture of 60-cycle hum voltage with
the r-f voltage, or as a modulation of the r-f voltage by the hum voltage. Either
type of hum can be displayed and measured on a scope screen, but different test
arrangements must be used for the two conditions, as shown in Fig. 7-42. Observe
that a crystal diode is used in the second arrangement, and it is inserted at
approximately the middle of the shielded connecting cable.

(4) Demodulator-Probe Crystal Polarity. When testing the output from a
test oscillator, or a signal generator, with a single-diode type demodulator probe
and scope (or vtvm), it is often found that the indicated voltage differs consid-
erably when the crystal diode is reversed in polarity. This difference of indication
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with reversal of the crystal in the probe is an indication of even-harmonic dis-
tortion in the generator output voltage (see Sec. 7-23 and Fig. 7-25).

Although the presence of even-harmonic distortion is easily revealed in this
manner, the presence of odd-harmonic distortion must be determined by other
means. A field-strength meter tuned to the frequency of an odd harmonic can
be used to measure the odd-harmonic output voltage.

7-34. Demodulator Probe Use in Checking

Sweep-Signal Generators
(1) Checking the Flatness of Output. One type of sweep-generator fault

which is serious in most applications of such generators concerns an output signal
which contains some amplitude modulation. In this case, the amplitude of the
output varies as the frequency is swept over the sweep range.

The service technician may check the amplitude of the sweep generator
output by using a demodulator probe to demodulate the output of the sweep
generator, and applying the probe output to a scope. If there is no variation in
the sweep generator output over the frequency range through which it is being
swept, then a perfectly straight horizontal line appears on the scope screen, as
shown in Fig. 7-43A. (A high gain-setting should be used on the scope for this
check.) If a sloping line is produced as in part B of the figure, or if a line occurs
which has peaks or valleys along its length as in part C, then the sweep generator
has an output whose amplitude is not constant over the range of frequencies
being swept. If such an output sweep signal is used for checking the frequency-
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Fig. 7-42. Methods of displaying and measuring hum voltage appearing in the
output of a signal generator. (A) Test setup if the hum voltage appears as a
simple mixture of the hum voltage and the r-f voltage. (B) Demodulator test
setup required if the hum voltage is modulating the r-f output voltage of the
generator, The modulated r-f voltage is demodulated by a crystal diode, and the
hum-voltage envelope is displayed on the scope screen. In either check, the hum
voltgae appears as a 60-cycle sine-wave pattern on the scope screen.
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Fig. 7-43. Typical patterns ob-
tained when checking the flat-
ness of the sweep-signal output
from sweep generators by
means of a demodulator probe
and a scope. (A) Reasonably
flat output over the swept
trange. (B) Output slump-off
at one end of the swept range.
(C) Output with very bad
slump-off at mid-sweep region.
In all cases, sweep-generator
blanking was employed to pro-
duce the zero-volt baseline.

(a)

response characteristic of an amplifier, a false response trace will be obtained.
For ordinary service work, the output voltage from a sweep generator should be
flat within approximately plus-or-minus 10 percent over the swept band.

Some sweep generators are blanked during retrace so that no output is
produced during this time. In this case, two horizontal lines appear on the scope
screen if the amplitude of the generator output is constant (see part A of Fig.
7-43). One of these lines represents the demodulated output of the generator
during the active time, while the other represents the zero output of the genera-
tor during retrace time (it is actually the zero-level trace).

A note of caution on the use of this method is that the response of the
demodulator probe employed may not be uniform within the frequency range
being checked. Under these conditions, the type of pattern shown in Fig. 7-43B
might be the result of the response of the probe falling off at the high frequen-
cies, rather than the output of the sweep generator falling off. Also, the probe-
and-cable may have resonance effects at various frequencies within the swept
range. Under these conditions, the peaks or dips in the pattern shown in Fig.
7-43C might be the result of these resonance effects.

To check this, construct several different demodulator probes (or check
several commercial varieties of demodulator probes if possible). The various
probes should be constructed using different components and crystal diodes, but
of course with high-frequency capacitors and composition resistors. Also the
probe components should be properly isolated from the input cable. The me-
chanical arrangement should be varied slightly, and different shield housings can
be tried. The effects of these changes on the scope pattern produced should be
noted in each case. If two or three probes are found to give substantially the same
pattern on the scope screen, and if the outside of the cable is “cold” the tech-
nician can be reasonably certain that the probe is satisfactory, and that the out-
put cable termination and r-f ground lead are satisfactory.

The output flatness test should not be employed at the higher frequencies
provided by the sweep generator, since misleading results are more likely to be
obtained due to the likelihood of poor high-frequency response and the presence
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of resonance effects in the probe at these frequencies. For example, a voltage-
doubler type probe which is reasonably flat up to 80 or 100 mc should not be
used to check a sweep generator operating above this frequency. A single-diode
demodulator probe which is reasonably flat up to about 200 mc should be used
only below this frequency in the test.

The basic circuit arrangements for making this test are shown in Fig. 7-44.
When the sweep generator has single-ended output, a simple single-ended shunt-
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Fig. 7-44. (A) Suitable arrangement for checking flatness of the output of a
single-ended sweep generator. The sweep-generator cable termination shown in
the diagram has a value of 75 ohms; in some cases, the cable termination should
be 50 ohms, and in still other cases, 100 ohms. The requirement is for the
cable termination to match the characteristic impedance of the cable. (B) Suit-
able arrangement when sweep-generator has double-ended output. In this example,
the generator is intended to work into a 300-ohm load. The 300-ohm load is a
pair of 150-ohm resistors connected in series to provide a center-tap for the
ground-return of the demodulator probe. Resistors RI, R2, and R2, are usually
provided by the sweep-generator manufacturer, and serve to match a 300-ohm
load to the characteristic impedance of the output cable.
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type demodulator probe arrangement which is flat up to about 200 mc is utilized
as shown in Fig. 7-44A. When the sweep generator has double-ended output, a
double-ended demodulator probe similar to the one shown in Fig. 7-16A is used,
as shown in Fig. 7-44B.

When testing the output from sweep generators where the grounding system
is slightly “hot”, with the result that the shape of the scope trace changes every
time the operator changes his position or grasps the generator output cable, it is
often of considerable assistance in stabilizing the test setup to partially isolate
the demodulator probe from the sweep-generator output cable termination by
means of a 125-ohm composition-type series resistor connected at point X in each
of the demodulator input leads as shown in the diagrams.

It should be recognized that these test arrangements are most useful when
the output from the sweep generator is a pure and unmixed output. Some cau-
tion should be observed when checking the output from very simple types of
beat-frequency type sweep generators, since their output is often a mixed output
comprising feed-through frequencies from the beating oscillators, sum-and-differ-
ence beat frequencies, and harmonics of these frequencies.

When used to align a receiver, the receiver tuned circuits reject the unused
frequencies in the output of the generator, but a demodulator probe applied
directly to the sweep-generator output will necessarily accept all frequencies
present. In consequence, the output flatness check using a demodulator probe
and scope will not necessarily provide a check of the output voltage for only
those frequencies which the setting of the dial of the generator would indicate.
Output voltage of other frequencies may be present also and is recorded on the
scope. Under sueh circumstances, the flatness check is not necessarily valid un-
less the operator utilizes suitable output filters to remove the unwanted fre-
quencies.

It is quite possible, for example, for the fundamental output from a sweep
generator to be quite flat, while the second-harmonic output may be far from
flat, due to partial resonances in the output system. For this reason, the operator
should be certain to study the circuit diagram of the sweep generator before
tests are made, and to provide suitable filters, if required. Sometimes low-pass
filters are built into the generator, and sometimes they are provided as accessory
units. In other cases, the technician will have to make use of 75-ohm or 300-ohm
filters (as the case may be) which have been designed primarily for other appli-
cations.

The technician sometimes falls into the error of assuming that because a
sweep generator is flat on a fundamental frequency, it must also be flat on
the second harmonic, or on the third harmonic. This is not true, because it is
very possible for residual resonances to impair the flatness of the output on a
harmonic, while leaving that on the fundamental unaffected. In other words,
when the flatness of a sweep generator is being checked by means of filters to
remove all frequencies but one (swept band) from the output, it cannot be as-
sumed that because the difference output is flat, that the sum output must also
be flat, or that because a fundamental output is flat, that the harmonics of the



DEMODULATOR PROBES 171

fundamental output are flat. Independent checks must be run on each of the
mixed frequencies present in the output of the instrument.

(2) Checking the Sweep Width. When it is desired to check the sweep
width of a sweep generator that is to be used for i-f alignment, connect the out-
put cable from the sweep generator in parallel with the output cable from a
marker generator. Next, feed this combined output through a demodulator
probe to the scope. The sweep-generator output display (see Fig. 7-43), having
the marker superimposed at some point, will be observed. Then tune the marker
generator to run the marker from one end of the sweep-generator trace to the
other. The difference between the two indications on the marker-generator dial
for these two extreme positions of the marker is the sweep width.

7-35. Use of Demodulator Probes with VIVM’s

Conventional-type demodulator probes, such as those shown in all illustra-
tions preceding Fig. 7-17 in this chapter, may also be used with a vtvm. When
the output of such a probe is applied to any vtvm set to its D-C Volts position,
the scale indication is proportional to the average amplitude of the rf a-c carrier
voltage, or of the modulation waveform, of the modulated signal applied to the
probe. When used with a peak-indicating, or a peak-to-peak indicating, a-c vtvm
set to its A-C Volts position, the scale indication is proportional to the peak
voltage of the modulation waveform of the signal under test, because the de-
modulator probe rectifies the voltage under test before it reaches the vivm.

When the output from a voltage-doubler demodulator probe is applied to
any vtvm set to its D-C Volis position, the scale indication is proportional to the
numerical sum of the positive and negative values (peak-to-peak value) of the r-f
a-c carrier voltage of the modulated signal applied to the probe. When the probe
output is applied to either a peak-indicating, or a peak-to-peak indicating, a-c
vtvm set to its A-C Volts position, the scale indication is proportional to the
peak-to-peak voltage of the modulation waveform of the signal under test.

A crystal demodulator probe introduces an insertion loss in the circuit to
which it is applied. The loss of signal voltage encountered varies considerably,
but is typically of the order of 5-to-1 in a single-rectifier type probe. Conse-
quently, demodulator probes are generally designed to be used as indicating
rather than as measuring devices. If it is desired to use a demodulator probe as
a measuring device, it is necessary to calibrate it for the scope or vtvm with
which it is to be used, by first checking the indication of the vtvm or scope when
a known source of peak, or peak-to-peak, voltage is applied to the probe input,
in order to determine the attenuation factor of the probe. Since the front-to-back
ratios of various crystal diodes are different, demodulator probes must be indi-
vidually calibrated for insertion loss with the particular vtvm or scope they are
to be used with whenever they are to be used as voltage-measuring devices.
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Blocking capacitor, for probe 62
Cable resonance, and generator test 73
Calibration, of capacitor probe 19
Capactive loading, by probe 40
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Crystal diode,
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peak-to-peak probe 104
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High-voltage measurement 5, 6
High-voltage probe 4, 9, 10
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Horizontal deflection coils, checks of 58
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Insertion loss, VTVM probe 112
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Instrument load, relative value 32
Loading, minimizing 35
Looker point, checks at 46
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Low-level circuit, testing 21
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Rectifier tube
as capacitor 17
Rectifying circuit,
peak-to-peak 87
voltage doubling 88
Rectifying probe 98, 111
Resistive isolation 42, 43, 44, 45
Resonances, of test cable 32
RF rectifying probe, shop constructed 106
Reverse current, in crystal diode 95
Ripple voltage, check of 23
RMS voltage error, and harmonic component
87
Safety precaution, probe ground 9
Scale factor of probe 1
Second-anode voltage, probe range
required 3
Shielding, suppresses stray fields 29
Shunt rectifier, demodulator probe 125
Signal-developed bias, measurement 37
Signal generator, checked with probe 165
Sound circuits and demodulator probe 162
Spurious voltages, checked with probe 164
Step-down ratio vs. frequency 41
Sweep generator, checked with probe 167
Sync buzz, display of 24
Sync-control circuits, checks of 60
Test cable 26, 27, 30, 32
Time constant 50, 64, 85
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Tube diode
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TV receiver servicing and demodvulator
probe 149
UHF rectifying probe 113
Yertical blocking oscillator tests of 51
Vertical sweep circuits, troubleshooting 23
Video amplifier, square-wave test 25
Video-amplifier tests and demodvulator
probe 159
Yideo detector, checked with probe 69
Voltage-divider resistors, burn-out 12
VOM probe, peck indicating 105
YTVM, rectifying probe 76
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VIVM time constants 84
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Waveform, screen position 145
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