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PREFACE

Troubleshooting modern electronic circuits literally demands
the use of an oscilloscope, yet many service technicians experi-
ence difficulty in learning how to use this versatile instrument.

Of the numerous service technicians who have difficulty
in employing an oscilloscope, many own or have used one, but
really don’t understand its functions well enough to set it up
for proper waveform displays. On the other hand, technicians
who fully understand the workings of a scope rate it among
their most valuable instruments.

This book was planned and written with the full realization
of the type of practical instructional help needed by service
technicians. Its purpose is to help you obtain the maximum
benefits from a scope, even if you have never used the instru-
ment before.

Beginning with the first chapter, you'll learn the purpose
and function of every oscilloscope operating control. Whether
your unit is simple or elaborate, the mystery of how it operates
is dispelled in this introductory chapter.

The next subject is the selection and application of probes,
a very important consideration in obtaining proper waveform
displays. Subsequent chapters are devoted to explaining how
a scope is used in localizing TV troubles to specific receiver
sections, and then to a particular stage. In several cases, you’ll
find it possible to use a scope to pinpoint the defective com-
ponent itself.

Use of the scope is divided into two general categories—
signal-tracing circuits supplied with external signals, and
checking waveforms in signal-generating stages which operate
independently of external signals. Since a scope can often give
more information when particular types of external signals are
utilized, material has been included to explain the advantages
of using CW and modulated sine waves, video waves, FM sweep
signals, and square waves.



While the major portion of this book concentrates on trouble-
shooting television circuits, chapters on servicing radio re-
ceivers and audio amplifiers have also been included to give
you the thorough background needed to use the scope for
checking practically any type of electronic circuit. To obtain
the maximum value from the contents, I strongly suggest you
actually work with your equipment as the various procedures
are described. This “reinforced learning,” gained at the work-
bench, will more than double the benefits you will derive from
reading alone.

Rosert G. MippLETON
January, 1962
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CHAPTER 1

How to Operate an Oscilloscope

Oscilloscopes are easy to operate, although they have a com-
paratively large number of controls. Even the simplest scopes
(Fig. 1-1) have about a dozen knobs and switches. However, if
the action of each control or switch is taken step-by-step, the
instrument soon loses its mystery. All service scopes are AC-
operated, and hence have a power cord which must be plugged
into a 117-volt, 60-cycle outlet.

To turn the scope on, set the power switch to its “on” position.
The power switch may be an individual control or it may be
combined with an operating control—usually the intensity con-
trol. In this case, the control is turned from its “off” position
to the right, just as a radio or TV receiver is turned on. When
power is applied to the scope circuits, a pilot lamp lights, or
in some cases, an edge-lighted graticule is illuminated (Fig. 1-2).

INTENSITY-CONTROL ADJUSTMENT

After a brief warm-up period, a spot or line may appear on
the screen. If not, then turn up the intensity control. Do not
advance it, however, more than is necessary, because the screen
of the cathode-ray tube can be burned, particularly if the
electron beam is forming a small spot on the screen.

If a spot or line does not appear when the intensity control
is turned up, either the horizontal- or vertical-centering con-
trol (positioning controls) may be at the extreme end of its
range. This can throw the spot or line off-screen. Therefore,
begin the operating procedure by adjusting each centering con-
trol to its mid-range.

CENTERING-CONTROL ADJUSTMENT

The action of the centering controls is seen in Fig. 1-3, The
spot moves up and down when the vertical-centering control is
rotated back and forth. Similarly, the spot moves left and right
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Fig. 1-1. Typical panel Jayout for a simple oscilloscope.

when the horizontal-centering control is rotated back and
forth. In theory, any desired pattern could be traced out on
the screen by turning the centering controls. This is a simple
manual analogy to pattern development which takes place auto-~
matically in the scope when its electronic circuits are energized.

In practice, of course, patterns are not traced out in this man-
ner. The centering controls are set to locate the beam suitably
on the screen, and are not readjusted unless particular test
conditions make this desirable. Different types of patterns may
not appear centered on the sereen, unless the centering con-
trols are readjusted, for reasons that will be explained. Again,



Fig. 1-2. Some scopes have illumi-
nated graticules; most have simple
pilot lights.

certain features of waveform analysis may require specific ad-
justments of the centering controls.

FOCUS-CONTROL ADJUSTMENT

Action of the oscilloscope focus control can be compared with
that of a TV receiver. Fig. 1-4 shows how the appearance of
a spot changes on the screen as the focus control is turned. The
focus control is adjusted for the smallest spot possible. In most
scopes, the intensity and focus controls interact. Therefore, the
focus control may need to be readjusted if the intensity-control
setting is changed.

The reason for this interaction is apparent from Fig. 1-5.
The focus control varies the DC voltage applied to anode 1 of
the cathode-ray tube, and the intensity control varies the volt-
age on the cathode. The electrostatic flux lines thus produced
between the electrodes form a “lens” which focuses the electron
beam. If the intensity voltage is changed, the focus voltage
often must be changed also, in order to maintain correct lens
formation.

Note the astigmatism control in Fig. 1.5. It varies the DC
operating voltage of anode 2. In some scopes, this voltage is
fixed. In others, a screwdriver adjustment is provided inside
the case, or an external astigmatism control is provided, as in

9



Fig. 1-6, The astigmatism control provides uniformity to the
focus control, so that the pattern is focused properly in all
portions of the screen. The astigmatism control interacts, to
some extent, with the focus and intensity controls.

A circular pattern is illustrated in Fig. 1-6. (How to display
a circular pattern will be explained later.) However, a circular
pattern is not necessary in order to adjust the astigmatism
control. A simple spot can be used. If the spot has the same
size when it is moved from the center of the screen to the four
screen edges, in turn, the astigmatism control is adjusted
properly.

Fig. 1-3. Action of positioning (centering) controls.

10
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Fig. 1-5. Focus and intensity functions.

SETTING THE HORIZONTAL-AMPLITUDE
AND -FUNCTION CONTROLS

The horizontal-amplitude control is shown also in Fig. 1-6.
It is sometimes called the horizontal-gain control. This control
adjusts the width of the pattern. If the control is turned to
zero, a spot is displayed on the screen. As the control is ad-
vanced, the spot spreads out horizontally into a trace, as shown
in Fig. 1-7. If the trace does not appear, check the setting of

 voRigREAL
AMPLITIEE

Fig. 1-6. Astigmatism control completes the edge focus.
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Fig. 1-7. Action of horizontal-gain control.

the horizontal-function control (Fig. 1-8). If this control is set
to the “horizontal-input” position, as shown, little or no trace
length will be obtained in this procedure. Set the control to
4+ or — Syne, for ordinary displays of waveforms on sawtooth
sweep.

The present purpose is served best by setting the horizontal-
function control to the “plus syne” position. Why this is so,

.
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N e
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Fig. 1-8. Typical function control.
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Fig. 1-9. A sawtooth voltage deflects the beam back and forth.

will appear in the following discussion. Briefly, a sawtooth-
voltage signal is applied to the horizontal-deflection plates in
the CRT when the function control is in this position, as in
Fig. 1-9. In turn, the electron beam is deflected horizontally.

A sawtooth voltage is linear, so the spot moves uniformly
in time from left to right across the screen. During the brief
retrace interval, the spot quickly returns to the left side of the
screen. Because of this linear or uniform motion of the spot,
sawtooth deflection is called a linear time base. In other words,
each inch of horizontal travel takes place in the same time
interval, when sawtooth deflection is used. This permits the
display of voltage waveforms as a function of time.

APPLICATION OF A 60-CYCLE AC TEST VOLTAGE

All scopes have binding posts or a coaxial connector for ap-
plying a vertical-input signal to the scope. If a 60-cycle test
voltage is applied to the vertical-input post, a sine-wave pat-
tern can be displayed on the scope screen. A suitable test volt-
age can be obtained by connecting a pair of test leads from the

Q Q

SCOPE .. VA SCOPE
v 1 e T HEATER L|NE

oV
GROUND HM ot
V= VERTICAL - INPUT TERMINAL Ve VERTICAL - INPUT TERMINAL
T+ 6G-CYCLE TEST-VOUTAGE TERMINAL G* GROUND TERMINAL.
(A) Using internal 60-cycle voltage. {8) Using external 60-cycle voltage.

Fig. 1-10. Connections for viewing a 60-cycle waveform on a scope screen,
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Fig. 1-11. Waveform appears as a blur
on the screen when horizontal-sweep
rate is too low.

vertical-input terminals to the heater line and to ground in a
radio or TV receiver. Or, many scopes have a 60-cycle test-
voltage terminal provided on the front panel, as in Fig. 1-10.
A lead can be connected, in that case, from the vertical-input
terminal to the test-voltage terminal.

A sine-wave pattern may or may not appear when the test
voltage is applied. This depends upon proper setting of certain
operating controls. For example, if the horizontal-deflection
rate is incorrect, only a blur may be displayed as in Fig. 1-11.
Practically all scopes have a coarse and a fine (vernier) saw-
tooth frequency control. The coarse control is a rotary step

Fig. 1-12. Frequency controls.




switch; the vernier control is a potentiometer. These are also
called the sweep-range control and the range-frequency control
(Fig. 1-12).

Set the step control to a position which includes 60 cycles
(in Fig. 1-12 this is the 15—75-cycle position). Adjustment of
the continuous control “fills in” the step, and permits the saw-

-T.at
Fig. 1-13. Detail of a single-cycle display.

tooth oscillator to operate at 60 cycles. Rotate the control to
see whether a single-cycle display appears on the screen. Pos-
sibly no other adjustments will be required, and a pattern such
as detailed in Fig. 1-13 may appear. Note that the displayed
cycle is not quite complete. A small portion is “lost” on retrace,
because the sawtooth voltage does not drop to zero instantly
during retrace time. The lost portion is often seen as a visible

15



retrace line in the pattern. The retrace line may be visible
as in Fig. 1-13.

At this point in the procedure, the required ad]ustment of
the vernier sawtooth control may be very critical. Perhaps the
single-cycle display can be stopped only for an instant, and
then it “breaks synec,” with reappearance of a blurred pattern.
On the other hand, the pattern may lock tightly, but appear
broken into fragments. The first difficulty is due to the syne
control being set too low. The second difficulty is caused by
the sync control being set too high (Fig. 1-14). In either case,
the pattern is locked properly by the sync control. The pract1ca1
rule is to advance the sync control sufficiently to lock the pat-
tern, but not so far that the operation of the sawtooth oscillator
is disturbed.

Fig. 1-14, Sync control is advanced too far.

PATTERN SIZE VERSUS INTENSITY-CONTROL SETTING

Now that a sine-wave pattern is displayed on the screen, the
trace appears much dimmer than the former small spot or hori-
zontal line. If the sine-wave pattern fills most of the screen
vertically, it appears very dim compared with a simple spot,
because the electron beam has a much longer path to trace out.
Also, each elementary spot along the trace now gets much less
energy. It therefore becomes desirable to turn up the intensity
control, in order to make the sine-wave pattern more clearly
visible. However, the focus usually changes simultaneously,
and in some scopes, there is also a tendency for the pattern to
“bloom.” This is the same reaction that occurs in many TV
pictures when the brightness control is turned too high.

Therefore the intensity control is advanced as required, but
not excessively. If the brightness of the pattern is not satisfac-
16



tory, check the ambient light in the shop. The scope may be
facing a window, and high-level illumination is “washing out”
the display. In that case, move the scope, or place a light hood
around the scope screen.

Some scopes have brighter patterns (in good focus) than
other scopes, depending on the amount of voltage applied to
the accelerating anode. If the accelerating voltage is doubled
from 1 kv to 2 kv, for example, the available pattern bright-
ness is greatly increased. On the other hand, the vertical gain
of the scope goes down, because the electron beam is “stiffer.”
Thus, in many service scopes, a compromise between pattern
brightness, sensitivity, and cost is made.

Just as the spot or line discussed previously shifts vertically
and horizontally on the screen when the centering (positioning)
controls are adjusted, so does the present sine-wave pattern.
As the scope warms up, the sine-wave pattern may drift ver-
tically, horizontally, or both. In that case, readjust the centering
controls as required.

GAIN CONTROLS

Vertical

Another difficulty may also arise at this point. Perhaps the
pattern locks satisfactorily, but the vertical deflection is in-
sufficient or excessive (Fig. 1-15). The vertical-gain control no
doubt is set incorrectly. The vertical-gain control is adjusted
normally for a pattern height of approximately 3 of full screen.
Although the simplest scopes have a single vertical-gain con-
trol, most scopes have both step and vernier controls. The step
control shown in Fig. 1-16 has two positions. If the input voltage
is comparatively high, the step control is set to the “low”
position, and vice versa.

The pattern in Fig. 1-16 is a multiple exposure, showing
the effect of gain-control setting. By using suitable auxiliary
equipment, such as electronic switches, two or more waveforms
can be displayed simultaneously on a scope screen. Details
about this will be discussed later.

Although the step gain control in Fig. 1-16 has two positions,
other step gain controls may have three or four positions. The
additional positions permit application of a wide range of input
voltages, without overloading the vertical amplifier in the scope.
All service scopes have vertical amplifiers. An amplifier is
necessary because a cathode-ray tube is comparatively insensi-
tive, and requires approximately 300 volts for adequate deflec-
tion. Because it is often necessary to investigate signal voltages
as low as .02 volt, a high-gain vertical amplifier is required in
practical work.

17



(A} Vertical-gain control set too low. (8) Vertical-gain control set too high.

Fig. 1-16. Vertical-gain control effect.




In the simplest scopes, the vertical-gain control is a potenti-
ometer (Fig. 1-17). This type of control is satisfactory only for
low-frequency operation. A simple potentiometer control dis-
torts a high-frequency waveform because of its stray capaci-
tances. These are indicated in Fig. 1-18. Stray capacitance C1
is not of practical concern here, for high-frequency response is
limited by stray capacitances C2, C3, C4, and C5. These act as
small bypass capacitors within and around the gain control,

ATTENUATOR

Fig. 1-17. Functional diagram of vertical-gain control.

and have more or less shunting action on high-frequency input
signals.

This difficulty could be avoided if a low-resistance potenti-
ometer, such as 1,000 ohms, could be used. This is not practical,
however, because an input resistance of 1,000 ohms would cause
serious loading in most electronic circuits under test. Ohm’s
law applies to AC voltages just as to DC voltages. If the input
resistance is low, the scope connection draws a heavy current
from the circuit under test, resulting in disturbed circuit ac-
tion, and in turn, distorted waveforms.

19



For these reasons, the input resistance of a scope must be
high. A typical value is 1 megohm. Suppose, however, that a
simple potentiometer gain control (as in Fig. 1-18) had a re-
sistance of 1 megohm. In that case, stray capacitances C2, C3,
C4, and C5 would have excessive bypassing action at high fre-
quencies. Undistorted waveforms would be passed only when

STRAY
CAPACITANCES

@y INCIRCUIT

L%}
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®

Fig. 1-18. Potentiometer gain control.
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the gain control is set to maximum. At a reduced setting, more
or less bypassing action would take place and cause progressive
distortion of the waveform, Therefore, a more elaborate gain-
control configuration is required for controlling signal voltages
at frequencies other than the power frequency.

Step Gain

An interesting principle of eircuit action makes possible a
gain-control configuration having both high input resistance
and distortionless attenuation. At low frequencies, a resistive
voltage divider meets these requirements; at high frequencies,

£ O £
@ @
e o O——L__J__o
R2 X¢o
E=E; EpeE, o
Ri4+R2 XC|+XC2
cl

LarBimyce

(A) Low frequencies. (B) High freguencies.

Fig. 1-19. Voltage dividers for low and high frequencies.

a capacitive voltage divider meets the requirements (Fig. 1-19).
The resistive divider distorts high frequencies, and the capaci-
tive divider distorts low frequencies. However, when the two
configurations are combined, as in Fig. 1.20, all frequencies are
passed without distortion. Trimmer capacitors C2 and C3 are
20
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used to balance the high- and low-frequency response. These
capacitors are maintenance adjustments, and are located in-
side the scope case.

The step attenuator in Fig. 1-20 has three positions. The
input signal is applied across series resistors R1, R2, and R3
(Fig. 1-20). The input resistance is 1.5 megohms for any of the
three steps. When the step attenuator is set to a tap on the
divider network, the output signal is reduced. Thus, cathode
follower V1 is not overloaded, even though the input signal
may be quite high. The step attenuator is merely set to a lower
position.

Fig. 1-21. Step attenuvator; with maximum in-
put voltages marked.

The continuous (vernier) vertical-gain control is in a branch
of V1. R5 is the vernier control. It has a comparatively low
resistance, so that good high-frequency response is obtained
for all positions of the control. Further, a cathode follower
is an electronic impedance transformer. It steps down a high
input resistance to a low output resistance. To summarize, the
over-all action of the input system provides high input resist-
ance, accommodates a wide range of input signal voltages, and
permits the pattern to be adjusted to any desired height on
the scope screen.

Fig. 1-22. Sine wave clipped by
overloading.

The vertical amplifier, V2 and V3, is a push-pull amplifier
like a video amplifier. This circuit will be discussed later. Here,
the proper settings of step- and vernier-gain controls are of
prime importance. In many scopes which have both of these
controls, incorrect gain settings will overload the cathode fol-
lower and cause the waveform to be clipped (Fig. 1-22). This
22



means that the step attenuator has been set too high, and the
vernier attenuator too low. Distortion is corrected by changing
the step control to a lower setting, and advancing the setting
of the vernier control. Clipping is a distortion which can be
quite confusing to beginners, if it is not understood.

Horizontal

Although vertical deflection is satisfactory, the pattern may
be excessively compressed or expanded horizontally (Fig. 1-23).
In that case, the horizontal-gain control is adjusted as required.
Less elaborate scopes have a simple potentiometer-type hori-
zontal-gain control only; others have both step- and continuous-
gain controls. In most cases, the horizontal-step control merely
is a resistive divider network. However, a few service scopes
have the same type of compensated step control as used in the
vertical section. These scopes are somewhat more expensive.

)

(A} Horizontal-gain control effect.

{B} Control set too low. {C) Control set too high.
Fig. 1-23. Effects of horizontal-gain control.

For most test work, a good high-frequency response in the
horizontal section is not needed. Therefore, the horizontal-
amplifier circuit is often simpler than the vertical section. A
typical horizontal-input and -amplifier circuit is shown in Fig.
1-24, The step attenuator has two positions. A vernier horizon-
tal-gain control is in the cathode circuit of the cathode follower.
Its output is coupled to a paraphase amplifier, which changes
a single-ended input into a double-ended output.

23
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Fig. 1-24. Typical horizontal-amplifier circuit.

FREQUENCY CONTROL

It is generally customary to display two cycles of the signal
in the pattern. This is done by suitable adjustment of the saw-
tooth-frequency control. Consider the display of two cycles in
a 60-cycle signal. When the sawtooth-frequency control is ad-
justed to 30 cycles, the signal goes through two excursions
during one trace interval, and two cycles of the signal are dis-
played. Similarly, when the sawtooth frequency is adjusted
to 20 cycles, three cycles of the signal are displayed.

A typical sawtooth oscillator is shown in Fig. 1-25. This is
a free-running oscillator which feeds a sawtooth voltage to
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Fig. 1-25. Typical sawtooth {sweep} oscillator and blanking amplifier.
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the horizontal amplifier. The step control selects a pair of ca-
pacitors ranging in value from 80 mmf to 0.25 mfd. Higher
values of capacitance provide a lower sawtooth frequency. The
vernier frequency control is a pair of ganged potentiometers.
Higher values of resistance provide a lower sawtooth frequency.
The vernier control “fills in” between the various positions of
the step control. The sawtooth frequency can be adjusted from
10 cycles to 100 ke.

RETRACE BLANKING

Blanking amplifier V10 in Fig. 1-25 eliminates the retrace
line in pattern displays. During sawtooth retrace time, a posi-
tive pulse voltage is generated across cathode resistor R45.
This pulse voltage is fed to the grid of the blanking-amplifier
tube, amplified, and reversed in polarity. This negative impulse
is applied to the grid of the cathode-ray tube, and cuts it off
during the retrace interval. For example, the pattern shown
in Fig. 1-22 has a visible retrace, while the pattern in Fig. 1-15
does not. Some scope operators prefer a blanked-out retrace,
while others occasionally use the retrace to expand waveform

Fig. 1-26. Retrace blanking control, and pattern resulting from misadjustment.

detail. Therefore, a scope may have a switch for disabling the
retrace-blanking circuit when desired.

The retrace-blanking switch in some scopes, is combined
with an adjustable blanking control, as shown in Fig. 1-26. This
is a phasing adjustment, which is set to bring the blanking
voltage “in step” with the retrace. If the blanking control is
misadjusted, the retrace is partially or completely unblanked,
and a “mushroomed” spot may appear at the end of the trace,
as illustrated in Fig. 1-26. A blanking control often requires re-
adjustment when the sawtooth frequency is changed. Although
a particular setting may be satisfactory at low deflection rates,
another setting may be found necessary at high deflection
rates.

25



Fig. 1-27. Severe horizontal Fig. 1-28. Nonli amplifi
nonlinearity, present.

HORIZONTAL NONLINEARITY

Sometimes horizontal deflection is nonlinear. The pattern
appears cramped at one end, and expanded at the other end
(Fig. 1-27). This trouble can be caused by a weak tube in the
horizontal-amplifier or the sawtooth-oscillator section, by low
plate-supply voltage to either section, or by defective capaci-
tors, particularly coupling capacitors. In Fig. 1-25, C22 is a
maintenance control which is set for best horizontal linearity.

Amplifier linearity can be checked by applying a 60-cycle
voltage to both the horizontal- and vertical-input terminals
of the scope. The horizontal-function switch is then set to a
horizontal-input position—either “low” or “high” as required
to accommodate the input voltage level. The vertical- and hori-
zontal-gain controls are then adjusted to obtain about 34 of
full-screen deflection. In the ideal situation, a perfectly straight
diagonal line appears on the screen. However, nonlinearity in
either the vertical or horizontal amplifier, or both, results in
a curved diagonal trace (Fig. 1-28).

CALIBRATION AND PEAK-TO-PEAK
VOLTAGE MEASUREMENTS

An oscilloscope is a voltmeter which displays instantaneous,
peak, and peak-to-peak voltages. It also displays the rms values
of some waveforms. The meaning of instantaneous values is
evident in Fig. 1-29. Each dot in the sine waveform represents

TO SINE-WAVE
VOLTAGE
SOURCE
AUDIO
OSCILLATOR
OR
SQUARE -WavE o
Fig. 1-29. instant ltages “'marked” and timed by intensity

modulation of the scope.
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Fig. 1-30. Meaning of positive-peak, negative-peak, and
peak-to-peak voltages.

a particular instantaneous voltage. This is, in practice a form
of time calibration, which will be explained in more detail
later. It is pertinent to note here, however, that certain in-
stantaneous voltages have the specific designations of positive-
peak voltage, negative-peak voltage, and peak-to-peak voltage
(Fig. 1-30).

Peak-to-peak voltages are specified in receiver service data.
They are usually measured on the scope screen, although a
peak-to-peak VI'VM can be used if the impedance of the cir-
cuit under test is not too high. (A VIVM loads a circuit more
than a scope-—provided, of course, the scope is applied prop-
erly.) To calibrate a scope for peak-to-peak voltage measure-
ments, its sensitivity for the chosen setting of the vertical-gain
controls is determined. A known peak-to-peak voltage is ap-
plied to the vertical-input terminals of the scope, and the re-
sulting number of divisions are noted for deflection along the
vertical axis. Thus, if a 1-volt peak-to-peak signal is applied to
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Fig. 1-31. Typical calibrating facilities.
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the scope, and 10 divisions of vertical deflection are observed,
the vertical-gain controls are set for a sensitivity of 0.1 volt
peak-to-peak per division.

Many scopes have provisions for applying a known peak-
to-peak voltage to the vertical amplifier. Three typical ex-
amples are illustrated in Fig. 1-31. A binding post provides a
1-volt peak-to-peak source; a pushbutton provides a 1-volt
peak-to-peak source and automatically conneets it to the input
of the vertical amplifier when the button is pressed; a rotary
switch automatically connects a 10-volt peak-to-peak source
to the input of the vertical amplifier when turned to the Cal.
position. Some scopes must be calibrated by using an ex-
ternal voltage source; however, this procedure is not difficult
to perform.

Consider the voltage from an ordinary heater string. This
voltage has an rms value of 6.3 volts. Because it is a sine-wave
voltage, its peak-to-peak value is found by multiplying 6.3 by

Fig. 1-32. An excursion of 12 divisions.

2.83, or it has an amplitude of 17.8 volts peak-to-peak, which
is usually rounded off to 18 volts peak-to-peak in practical
work. Thus, if the vertical input of the scope is connected to a
heater line, an 18-volt peak-to-peak voltage is being applied
to the vertical amplifier.

Consider an arbitrary calibration voltage, such as 12 volts
peak-to-peak, being applied to the vertical-input terminals. If
the vertical-gain controls are adjusted to make the voltage
waveform extend over 12 divisions vertically (Fig. 1-32), the
scope is calibrated for 1 volt peak-to-peak per division. In turn,
each major division on the graticule marks off 5 volts peak-
to-peak. In this manner, a scope is calibrated easily, for any
convenient source of peak-to-peak voltage. Note carefully, how-
ever, that a service-type VOM reads rms voltage of sine waves.
The peak-to-peak voltage of a sine wave is 2.83 times the rms
reading.
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COMPLEX WAVEFORMS

Although a sine wave is symmetrical, most waveforms en-
countered in electronic test work are unsymmetrical. A pulse
waveform, such as shown in Fig. 1-33 is unsymmetrical, and
in turn, has a positive-peak voltage which is not the same as
its negative-peak voltage. Nevertheless, once @ scope has been
calibrated with a sine wave, peak-to-peak voltages of complex
waveforms can also be measured on the screen.

POSITIVE
. PEAK-TO-PEAK |4 PEAK
Fig. 1-33. Voltages of a pulse VOLTAGE VOLTAGE
waveform. 0-VOLT
I - e AXIS
NEGATIVE
PEAK VOLTAGE

A square waveform is a complex symmetrical waveform, and
its voltage is measured in peak-to-peak values. Fig. 1-34 shows
a square wave which has the same peak-to-peak voltage as the
sine wave illustrated; however, the rms voltage of the square
wave is different from that of the sine wave. Note carefully that
service-type VOM’s respond differently to these two wave-
forms. Even though they have the same peak-to-peak voltage.
a VOM indicates different voltages for the two waves. A VOM
indicates the true rms voltage of the sine wave, but does not
indicate correctly when a square wave is measured.

Fig. 1-34. These waveforms have the same peak-to-peak voltages, but their rms values
are different.

A peak-to-peak reading VIVM indicates, of course, the true
peak-to-peak voltage of any type of waveform. Interested
readers may refer to 101 Ways to Use Your VOM and VTVM,
and 101 More Ways to Use Your VOM and VIVM.

Once the sensitivity of a scope is adjusted for a certain
number of peak-to-peak volts per division, peak voltages can
be measured as easily as peak-to-peak voltages. An example
is seen in Fig. 1-35. With no input signal, the scope displays
only a horizontal trace. This is the beam-resting, or zero-volt
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level. When a complex waveform is displayed, it appears partly
above the zero-volt level and partly below. The number of
divisions from the zero-volt level to the positive peak of the
waveform indicates its positive-peak voltage. Likewise, the
number of divisions from the zero-volt level to the negative
peak of the waveform indicates its negative-peak voltage. Peak
voltages are measured in the same units as peak-to-peak
voltages.

+ PEAK

BEAM-RESTING LEVEL

Fig. 1-35. The beam-resting level of a scope shows the positive
and negative portions of a waveform.

STEP ATTENUATORS

Step attenuators are usually decade devices. They attenuate
a signal voltage by 0.1, 0.01, or 0.001. Conventional step mark-
ings are X1, X10, X100, and X1000. Decade attenuation facil-
itates measurements of peak-to-peak voltages. For example,
suppose that the vertical step attenuator is set to the X10 posi-
tion, and the vernier attenuator is adjusted to provide a sensi-
tivity of 1 volt peak-to-peak per division. If a waveform volt-
age is applied to the vertical-input terminals, and the pattern
is off-screen at top and bottom, it is a simple matter to turn
the step attenuator to the X100 position. This brings the pattern
within screen limits, and changes the sensitivity to 10 volts
peak-to-peak per division.

If the applied waveform voltage does not produce sufficient
vertical deflection, the step attenuator can be turned to the
X1 position. This increases the pattern height ten times, and
changes the sensitivity of 0.1 volt peak-to-peak per division.
In summary, adjustment of the vertical step attenuator does
not change the basic calibration of the scope. However, such
adjustment makes possible quick measurement of peak-to-peak
voltages over a wide range, from a single calibration.

DC VERSUS PEAK-TO-PEAK VOLTS

Many technicians use DC scopes. A DC scope has a low-
frequency response down to zero frequency, or DC. On the
other hand, an AC scope has some definite low-frequency limit,
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such as perhaps 20 cycles. The typical response of a DC scope
is illustrated in Fig. 1-36. If a 10-volt battery, for example, is
connected to the vertical-input terminals, a positive polarity
deflects the beam upward, and the beam remains in its deflected
position until the DC voltage is removed. Similarly, when the
terminal polarity is reversed, the beam deflects downward from
its resting position, by the same amount as it was deflected
upward.

(A) 410 volts applied to vertical input. {B) O volts applied to vertical input.

Fig. 1-36. Response of a DC scope.

(C} —10 wvolts applied to vertical input.

What is the relation between DC deflection and peak-to-peak
AC deflection? The two deflections are the same. In other
words, if the beam deflects by the amount shown in Fig. 1-36
for an input of +10 volts DC, the beam will deflect by the same
amount for a 10-volt peak-to-peak AC input. Hence, a DC
scope can be calibrated either with a DC- or an AC-voliage
source.

Many waveforms in electronic circuits consist of an AC
voltage with a DC voltage component also. The output from a
video detector, the signal across a cathode resistor, and the
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signal at the collector of a transistor are typical examples.
When such voltages are applied to a DC scope, the response
takes place as shown in Fig. 1-37. The beam level rises from
its resting position (or falls) in correspondence with the DC
component. The AC waveform is displayed on the DC level.

All DC scopes have switching facilities to change from DC
to AC response. Thus, in Fig. 1-37, if the scope is switched

DC COMPONENT
LEVEL

ZERQ-VOLT
LEVEL

Fig. 1-37. Response of DC scope to AC
voltage with a DC component.

to the AC response, the AC waveform is unchanged, but it
drops down and is centered on the zero-volt level. In other
words, the DC component is removed during AC-scope opera-
tion. Changeover from DC to AC response is accomplished by
switching a series blocking capacitor into the vertical-input
circuit.

SYNC FUNCTION

External

The majority of scope tests are made with the pattern locked
by internal sync. Or, the synchronizing voltage is obtained in-
ternally from the input signal voltage. For some tests, a sync
voltage separate from the signal voltage is required. The sig-
nal voltage characteristics may be unsuitable for locking the
pattern, or circuit phases may be of interest. For example, when
the composite video signal is displayed on 60- or 30-cycle de-
flection, it is often found difficult (and sometimes impossible)
to lock the pattern on internal sync. This occurs because the
horizontal syne pulses are as high as the vertical sync pulses,
and the scope’s syne circuits are not able to separate the ver-
tical from the horizontal pulses.

In this situation, the pattern can be locked tightly by setting
the selector switch to the Ext. Sync position, and connecting a
lead from the external sync terminal to a 60-cycle source, such
as the vertical blocking-oscillator circuit. Another satisfactory
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solution is often possible by setting the selector switch to the
Line Sync position. In this case, the sync circuits of the scope
are locked to the 60-cycle power-line frequency.

An example of phase investigation is illustrated in Fig. 1-38.
Here, the signal progression is being checked along an arti-
ficial delay line, such as is found in pattern generators. Each
section of the delay line changes the signal phase by a specified
time interval, as required for normal generator operation. In
order to test these time intervals with a scope, the function
control is set to the Ext. Sync position. A test lead is run from
the Ext. Sync terminal to the input (or output) end of the de-
lay line. Then, as the vertical-input lead is moved progressively
from one line section to the next, the exact phase delay in each
case is displayed on the scope screen.

33
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Fig. 1-38. External sync is used when checking out a generater delay line.



Phase investigations are occasionally of great concern when
checking audio amplifiers which have feedback networks. In-
correct phase shift ean eause distortion or unstable operation,
sometimes with violent oscillation. A conventional amplifier
stage steps up the signal voltage and reverses its phase. Any
sync function can be used when measuring stage gain, merely
by comparing the heights of the input and output patterns of
the amplifier. The phase shift from input to output, however,
can be checked only by utilizing the external sync function of
the scope.

Automatic

Completely automatic sync is a fiction. However, some fea-
tures in a scope help to make sync action semiautomatic. Pre-
set sweep positions (30 cycles and 7,875 ke) speed up the setting
of deflection controls in TV test work. Diode limiters are some-
times included in the sync channel, so that the sync-amplitude
control does not have to be reset so often when displaying
widely different waveshapes.

The closest approach to automatic sync is triggered sweep,
as provided in a few service scopes. Triggered sweep is ob-
tained by biasing the sawtooth deflection oscillator, so that
it becomes a one-shot oscillator. In other words, one sawtooth
waveform is generated each time the leading edge arrives. The
trigger level is set manually by a Trigger-Sweep control, as
in Fig. 1-39.

Besides the ability of triggered sweep to expand a small
part of a waveform, as if it were inspected under a magnifying
glass, there is also the automatic-syne aspect of triggered sweep
action. That is, the horizontal-sweep frequency can be set to
any desired value, and the pattern is always in sync. As the
sweep frequency is increased, the expansion becomes greater.
The only nonautomatic aspect of triggered sweep is that the
Trigger-Sweep control must be reset for different waveshapes.

In Fig. 1-39, when the Trigger-Sweep control is turned com-
pletely to the left, the cut-off bias is removed from the saw-
tooth oscillator, and ordinary sawtooth deflection takes place.
By advancing the horizontal-gain control to maximum, a cer-
tain amount of horizontal expansion is possible when ordinary
sawtooth deflection is used. However, the obtainable expansion
is considerably less than when triggered sweep is used.

Also shown in Fig. 1-39 is a Magnifier Positioning control.
A sweep magnifier is used like triggered sweep to obtain hori-
zontal expansion of a waveform, but its basic action is different,
however. In order to use a sweep magnifier, a waveform is dis-
played on ordinary sawtooth sweep, and then the function
switch is set to the Sweep Magnifier position. This has the effect

34



of changing the sawtooth deflection wave into a triangular
pulse, as depicted in Fig. 1-40. Also, by turning the Magnifier
Positioning control, the triangular sweep pulse can be phased
at any point of the waveform. The deflecting action of the
triangular pulse is that of expanding the selected portion of
the waveform to full horizontal screen width.

In service scopes, the ordinary sawtooth deflection voltage
is changed into a triangular pulse simply by greatly overdriving

Fig. 1-39. Display of a pulse waveform
on ordinary sawtooth sweep, and on
triggered sweep.

the horizontal-output amplifier. The Sweep Magnifier control
adds more or less DC components to the overdriving sawtooth,
which, in effect, phases the resulting triangular pulse to a se-
lected point on the waveform under investigation.

The chief differences between triggered sweep and magnified
sweep are:
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1. Triggered sweep provides semiautomatic syne. It permits
horizontal expansion of a waveform to any desired ex-
tent, within the available speed of the sawtooth oscillator.
Expansion always starts at the leading edge of the wave-
form. Nonrepetitive signals can be displayed.

2. Magnified sweep does not provide semiautomatic sync.
It permits horizontal expansion of a waveform to the
extent of the overdrive voltage available in the scope.
Expansion starts at any chosen point on the waveform.

In service scopes, the amount of expansion which is prac-
tical on either triggered sweep or magnified sweep may be
limited by the high voltage applied to the CRT. Expansion
means a dimmer trace, because the electron beam is moving
faster. If the expansion is quite considerable, the pattern can
become invisible unless adequate accelerating voltage is avail-

able for the CRT.

Fig. 1-40. Sweep magnifier action.
Suvitable for repetitive waveforms
only.

LISSAJOUS PATTERNS

A Lissajous pattern was illustrated in Fig. 1-6. This was a
simple circular pattern formed by 60-cycle sine-wave voltages.
Such patterns are displayed by feeding sine-wave voltages to
both the vertical and horizontal amplifiers. Because many
scopes have a 60-cycle sweep position on the function switch,
such tests can be made readily by utilizing this function. When
any 60-cycle sine-wave voltage is applied to the vertical-input
terminals, a Lissajous pattern then appears on the scope screen.

The pattern shows the phase of the vertical signal with re-
spect to the horizontal signal. Progressive phases are illus-
trated in Fig. 1-41. Scopes which have internal 60-cycle sine-
wave deflection often have a Sweep-Phasing control. If that is
the case, as the Sweep-Phasing control is turned, the Lissajous
pattern goes through the various shapes shown in Fig. 1-41. A
circular pattern provides a good check for sine-wave purity.
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Fig. 1-41. Lissajous patterns show phase difference between two sine waves.

Further, if there are harmonics in the 60-cycle voltage to the
vertical amplifier, to the horizontal amplifier, or both, a perfect
circle cannot be obtained. Irregularities are seen instead.

Lissajous patterns can be obtained, of course, at any fre-
quency within the response range of the scope. The principle
of pattern development is the same, regardless of frequency.
Fig. 1-42 illustrates how in-phase deflection voltages on the
vertical and horizontal CRT plates produce a straight line.
Similarly, Fig. 1-43 shows how a 90° phase difference produces
a circular pattern. When one of the frequencies is double,
triple, or quadruple the other frequency, crossover patterns
result. If the two frequencies are not integrally related, the
pattern is not fixed, but moves through successive phase se-
guences.

DISPLAY OF NARROW PULSES

As seen in Fig. 1.38, function switches provide a choice of
positive or negative internal sync. When a sine wave or square

RESULTANT PATTERN

SIGNAL ON HORIZ
DEFL. PLATES

Fig. 1-42, Showing how in-phase sine waves form a
straight-line cyclogram.
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wave is being displayed, the pattern locks equally well on
either positive or negative sync. If a narrow pulse is being
displayed, however, sync lock will be much tighter when the
appropriate sync polarity is used. Positive pulses lock best on
positive sync, and negative pulses lock best on negative sync.
The reason for this is that a very narrow positive pulse has a
very small negative peak voltage (and vice versa). Hence, if
negative sync is used when a narrow positive pulse is displayed,
there is very little voltage available for locking.

RESULTANT PATTERN

SIGNAL ON HORIZ,
DEFL. PLATES

Fig. 1-43. Sine waves 90 degrees out of phase form a
cireular cyclogram.

Any complex waveform distributes itself above and below
the zero-volt level to make the positive area equal the nega-
tive area. This is a direet consequence of the fact that the
average value of an AC waveform is zero, or there is just as
much current flow in the positive direction as in the negative
direction. Thus, the area of the positive half cycle is equal to
the area of the negative half cycle, although the peak voltages
are vastly different. A scope displays voltage along the vertical
axis, and time along the horizontal axis (when sawtooth de-
flection is used). Voltage multiplied by time gives electrical
quantity, and the product is an area. Therefore, positive and
negative areas of the waveform are necessarily equal.

DISPLAY OF SQUARE WAVES

The square wave is one of the basic complex waves. While
a sine wave has only one frequency, a square wave has many
frequencies—theoretically an infinite number. The repetition
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rate of a square wave {often called the “frequency of the
square wave’) is the same as its fundamental frequency.
Square waves are useful in test work because a single test
suffices to show how a circuit responds to a spread of frequen-
cies, both with regard to voltages and phases. Key reproduced
square waves are shown, in Fig. 1-44.

-

r

{A) Undistorted. (B) Low-frequency attenuation.
{C) High-frequency attenuation. (D) Leading low-frequency phase shift.
(E) Lagging low-frequency phase shift. (F) Transient oscillation (ringing).
{G} Combination of low-frequency at- {H)} Combination of high-frequency at-
tenuation and leading low-frequency tenuation and leading low-frequency
phase shift. phase shift.

() Combination of F, followed by E. (J) Combination of G, followed by H.

Fig. 1-44. Key square-wave reproductions.

All square waves, when carefully inspected, are found to
depart more or less from an ideal square wave having perfectly
square corners with zero rise and fall times. It is impossible
to generate a perfect square wave, because of the effect of
weakening the higher harmonics to a greater or lesser extent.
However, a good generator provides a square-wave output
which can be considered as ideal for most applications.
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Differentiation and integration occur in RC circuits, as
shown in Fig. 1-45. It is a basic law that if differentiation takes
place in one part of a circuit, integration must take place in
another part. This is the case because the sum of the waveforms
around the circuit must add up to cancel the applied square-
wave voltage. This is called Kirchhoff’s law, which is almost
as fundamental as Ohm’s law in analysis of circuit action.

INTEGRATOR
€ =100V C
(PEAK) i OUTRUT
1000C/S
R DIFFERENTIATOR
10K OUTPUT (A) Circuit.
} SOOUSEC | SOOUSEC |
H100V o -~ — — - 1 - -
O- -
{B) Voltage across generator output
terminals.
—100VE — — -~ --
+125v
+7svE -

{C) Voltage across resistor terminals.

(D) Voltage across capacitor terminals.
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i
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Fig. 1-45. RC differentiator and integrator action on a square wave.

The result of a typical square-wave test is seen in Fig. 1-46.
Here the input and output voltages of the unit under test are
shown superimposed. There is a substantial loss in square-wave
voltage through the unit under test. Integration is prominent,
with a slight differentiation evidenced by the small downhill
tilt of the top in the reproduced square wave. When both in-
tegration and differentiation occur, the two actions occur in suc-
cessive circuit sections. It is possible for the integration in one
section to cancel the differentiation in a following section in
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Fig. 1-46. Result of a typical square-wave test.

order to obtain an undistorted output. Vertical-sweep circuits
in TV receivers afford a practical example of this circuit action.

FLUCTUATING LINE VOLTAGE

Line-voltage fluctuation can be a problem in heavily indus-
trialized or remote rural areas. Appreciable variation in line
voltage can cause pattern jumping, as in Fig. 1-47. If that is the
case, the voltage must be stabilized. The best method is to use
an automatic line-voltage regulating transformer to power the

Fig. 1-47. Paftern jumping, caused by
fluctuating line voltage.

scope and the equipment under test. Although such transform-
ers do not completely smooth out rapid fluctuations, pattern
stability is greatly improved.

A few service scopes have regulated power supplies. In such
a case, the automatic line-voltage regulating transformer is
required only to power the equipment under test.
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CHAPTER 2

Using Oscilloscope Probes

A scope has appreciable input capacitance, which is about
20 or 30 mmf at the vertical-input terminal. Test leads or a
coaxial cable must be connected to the input terminal for ac-
tual test work (Fig. 2-1). Open test leads may be suitable for
testing in TV signal circuits, such as the grid of a video am-
plifier, or sync separator. The open leads often pick up exces-
sive hum voltage and flyback-pulse interference. It is therefore
standard practice to make all scope tests with a coaxial input
cable to the vertical-amplifier terminals.

Fig. 2-1. Coaxial cable prevents pickup of stray fields.

When a coaxial input cable is used, the total input capaci-
tance to the scope becomes about 100 mmf. This capacitance
does not cause objectionable circuit loading when testing across
a cathode resistor, for example, but it will disturb many video
and sync circuits seriously. Fig. 2-2 shows how a sync pulse
can be distorted objectionably by shunting excessive capaci-
tance across the circuit under test. The total input capacitance
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to the scope is imposed when a direct probe (straight-through
connection) is used.

LOW-CAPACITANCE PROBE

It is standard practice to use a low-capacitance probe instead
of a direct probe, in order to avoid waveform distortion caused
by circuit loading. The most common type of low-capacitance

{A) Norma! video signal. {B) Signal distorted by integration.
Fig. 2-2. Typical result of circuit loading.

probe is a compensated attenuating device. This type of probe
reduces the signal voltage, and in turn, reduces the input ca-
pacitance to the scope. Most probes are adjusted to attenuate
the signal voltage to 0.1 of its source value, and to reduce the
scope input capacitance to 0.1 of the value imposed by a direct
probe. The input impedance to the scope is thus effectively in-
creased ten times.

Configuration

A typical configuration for a low-capacitance probe is shown
in Fig. 2-3. The values of R1 and R2 depend upon the scope’s
input resistance. A typical scope has an input resistance of

AAAA,

h 4

Fig. 2-3. Low-capacitance probe configuration.

1 megohm. The probe does not stand alone in actual operation,
for R2 is shunted by the scope’s input resistance. Thus, if R2
has a value of 1 megohm, its effective resistance value becomes
0.5 megohm when it is connected to the input cable of the
scope.
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In order to get a 10-to-1 attenuation, R1 is made nine times
the effective value of R2. R1 is therefore 4.5 megohms for the
example cited. The total input resistance to the probe (when
connected to the cable) is 5 megohms. The voltage drop across
R2 equals 0.5/5, or 0.1 of the input voltage to R1. Thus, a
10-to-1 attenuation occurs. This attenuation is observed only at
low frequencies, such as 60 cycles, because the input capaci-
tance of the cable and scope bypass higher frequencies more
or less.

The probe must be compensated in order to obtain proper
attenuation and distortionless signal passage. This is the func-
tion of trimmer capacitor C. The probe will have a 10-to-1
attenuation at high frequencies when C is adjusted correctly.
The time constant of C and R1 must be equal to the time con-
stant of the effective input resistance and capacitance to the
scope. As a practical example, assume that the input capaci-
tance at the cable is 100 mmf. The time constant to the scope
is then 0.5 X 108 multiplied by 100 X 1012, or 50 X 102 second.
Thus the time constant is 50 microseconds. Hence, the time
constant of R1 and C must also be adjusted to 50 microseconds.
Inasmuch as R1 has a resistance of 4.5 megohms, C must have
a value of about 11 mmi{, A trimmer capacitor is used so that
an exact adjustment can be made.

Adjustment

There are two principal methods of adjusting a low-capaci-
tance probe. The first makes use of square waves. If a 15-ke
square wave is fed from a square-wave generator to the low-C
probe, the reproduced square wave changes shape on the scope
screen as C is adjusted. When the capacitance is too high, the
square wave appears differentiated. When it is too low, the
square wave appears integrated. Correct adjustment of C pro-
vides distortionless reproduction of the square wave.

All square-wave generators do not provide a perfect output.
It is advisable first to check the generator waveform by con-
necting the direct probe of the scope to the generator output
terminals. Observe the waveform and then duplicate this wave-
form with the low-C probe connected to the scope input cable.
The probe can be adjusted properly regardless of generator
distortion. It is necessary only to reproduce the same waveform
which is applied by the generator.

The second method of probe adjustment is a two-frequency
test. For example, a 60-cycle sine-wave voltage is applied to
the probe, and the resulting vertical deflection is noted. Next,
a 15-kec sine-wave voltage is applied to the probe from an
audio oscillator. The audioc oscillator is set for the same out-
put voltage as in the 60-cycle test. Also, capacitor C is adjusted
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to give the same vertical deflection on the scope screen as be-
fore. Output voltages at 60 cycles and at 15 ke can be checked
with the scope, using a direct probe,

Most service scopes are suitable for operation with low-C
probes, but there are a few exceptions. A scope must have a
step attenuator which provides a fixed value of input resistance
and capacitance on each step in order to operate properly with
a low-C probe. However, a low-C probe cannot be matched to
a scope which has merely a potentiometer for the vertical-
control gain. While the probe can be adjusted for proper re-
sponse at one gain setting, another gain setting may not match
the probe and therefore more or less severe distortion results.

Low-capacitance probes are useful over the frequency re-
sponse range of the scope. If the scope has a flat response
from 20 cycles to 2 mc with a direct probe, it will have the
same frequency response when a low-C probe is used. The
probe does not change the existing frequency response of a
scope, but merely steps up the input impedance. For these rea-
sons a low-C probe is used to test sync, video-amplifier, hori-
zontal-oscillator and AFC, and sweep circuits. The frequencies
in these circuits range from 60 cycles to 15 ke, plus harmonic
frequencies up to 1 or 2 me.

The permissible voltage which may be applied to a low-C
probe is the same as for a direct probe. Because conventional
scopes have blocking capacitors rated at 600 volts, this is the
maximum input voltage permissible with a direct probe. Simi-
larly, the components used in commercial low-C probes are
not rated for more than about 600 volts. When higher peak-
to-peak voltages are to be tested, another type of probe should
be used to avoid possible damage to both scope and probe.
High-voltage probes are explained later in this chapter.

Why are low-C probes generally designed with a 10-to-1 at-
tenuation factor? This factor is used to tie in with the decade
step attenuators on modern scopes. Recall that once a scope has
been calibrated with a known peak-to-peak voltage, recalibra-
tion is not required when the step attenuator is turned to an-
other position, the decimal point in the calibration factor is
merely shifted to the left or right, as the case may be. If the
scope is calibrated using a direct probe, it is likewise not neces-
sary to recalibrate if a 10-to-1 low-C probe is to be utilized
next. The decimal point in the calibration factor is shifted one
place to the right.

DEMODULATOR PROBES

Technicians commonly make tests in circuits operating at
20 mc, 40 me, or an even higher frequency even though service
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scopes have a top frequency limit of 1 or 2 me, or occasionally
4 or 5 me. In order to display waveforms in high-frequency
circuits, a demodulator probe is used. The demodulator probe
(Fig. 2-4} is a special form of detector probe. It operates on
the same principle as a detector in a TV receiver. The rectifier
and its associated circuitry recover the modulation envelope

TO CiRCUIT

UNDER TEST ™0

score

Fig. 2-4. Typical demodulator probe configuration,

from the high-frequency carrier. This modulation envelope con-
tains video frequencies to which a scope can respond. The re-
sponse of an ordinary demodulator probe is not as good as that
of a video detector in a TV receiver. This is because a probe
must have a fairly high input impedance to avoid undue circuit
loading. A demodulator-probe circuit therefore is like that
in Fig. 2.4, instead of like a video-detector circuit. If a demodu-
lator probe were constructed with the circuit principles of a
video detector, it would have a very good frequency response.
However, the input impedance would be very low, and most
IF circuits would be “killed” when the probe is applied to
the circuit.

While it is possible to devise wide-band demodulator probes
which do not distort horizontal sync pulses, these probes re-
quire a cathode-follower tube as an electronic impedance trans-

270

MMF N34
PROBE it »l
e 11 L i
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3o
GND.

Fig. 2-5. A compromise type of demodulator probe.

former. This makes a wide-band probe somewhat complicated
and expensive. Therefore such probes are usually not used
outside of laboratories. In service work, the probes are simple
and comparatively inexpensive. These provide usable infor-
mation even though video signals are substantially distorted.

A compromise between circuit loading and waveform distor-
tion is sometimes made by the use of a demodulator probe such
as shown in Fig 2-5. This configuration imposes somewhat
greater circuit loading than the probe in Fig. 24, but hori-
zontal sync pulses are not distorted so greatly. The technician
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must not expect, however, to obtain perfect reproduction of
video signals with a simple demodulator probe.

A demodulator probe is sometimes called a traveling detec-
tor, because it can be used to trace a signal stage-by-stage
through an IF-amplifier section. The probe is essentially an
indicating device, rather than a measuring device. It would
be an error to attempt to measure IF stage gain with a demodu-
lator probe. Circuit loading and detuning often change the
stage response greatly, so that amplitude comparisons can be
very misleading.

The maximum input voltage which can be applied to a de-
modulator probe is limited chiefly by the rating of the crystal
diode. No more than 50 volis peak-to-peak should be applied
as a general rule. This is not a severe limitation because de-

(A) Normal wave, usina low-C probe. (B) Distorted wave, using demodulator
probe.

Fig. 2-6. Do NOT use a demodulator probe in video-amplifier circuits.

modulator probes are used customarily in low-level circuit
testing, in which the signal voltage is seldom greater than
5 volts. However, should an IF stage break into oscillation, it
is possible for the oscillating voltage to exceed the probe rating
and damage the crystal diode in the probe. Caution is there-
fore advisable.

Again do not make the mistake of using a demodulator probe
when a low-C probe should be used. Fig. 2-6A shows a normal
waveform in a video amplifier, obtained with a low-C probe.
Shown in Fig. 2-6B is the seriously distorted waveform dis-
played when a demodulator probe is erronecusly used. Here
are the rules:

1. When the signal frequency falls within the response range
of the scope, always use a low-C probe.

2. When the signal frequency is higher than the response
range of the scope, always use a demodulator probe.

Beginners are sometimes troubled by the observation that a
distorted waveform can sometimes be seen when a low-C
probe is applied at an IF-amplifier grid or plate. In theory as
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applied here, nothing should be seen because the IF frequency
is much higher than the response range of the scope. What
actually happens is that the IF amplifier is being overdriven
by the IF signal. As a result, the tube is driven into grid cur-
rent. The amplifier tube operates as a partial detector under
this abnormal condition of operation.

RESISTIVE ISOLATING PROBE

A resistive isolating probe is a simple device, consisting
merely of a resistor connected in series with the coaxial cable
to the scope (Fig. 2-7). This probe is used only in sweep-align-
ment procedures. It is basically a low-pass filter, consisting of
a series resistance feeding into a shunt capacitance (cable ca-
pacitance). The probe is a simple integrating circuit.

This probe sharpens the marker indications on a response
curve, and helps to remove noise interference when making
low-level sweep tests. The probe must have a suitable time

VIDEC
DETECTOR

Fig. 2-7. A resistive isolating probe.

ISOLATING
RESISTOR

DETECTOR
LOAD
RESISTOR

constant for satisfactory operation. When the time constant is
too long, the response curve is distorted and the marker posi-
tion (if the marker is on the steep side of a curve) is displaced.
On the other extreme, broad markers result when the time
constant is too short. In general, a 50-K resistor with a con-
ventional coaxial cable gives a good response in sweep-align-
ment work.

Beginners sometimes suppose that a resistive isolating probe
could be used in place of a low-capacitance probe in testing
syne cireuits, videc-amplifier circuits, etc. However, this is a
misconception. The low-pass filter action of the resistive iso-
lating probe weakens or wipes out the high frequencies in such
waveforms, imposes phase shifts, and greatly distorts the sync
or video waveforms. This probe is also unsuitable for IF-ampli-
fier tests. If applied to IF circuits, nothing is displayed on the
scope screen, because the IF signal is “killed” by the probe
before it gets to the scope.
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HIGH-VOLTAGE CAPACITANCE-DIVIDER PROBE

High peak-to-peak voltages occur in the horizontal-sweep
section of a TV receiver. These voltages will arc-through a
low-C probe, damaging both probe and scope. A special probe
therefore is required to test these high AC voltages. A typical
circuit is shown in Fig. 2-8. This is a capacitance-divider ar-
rangement. When two capacitors are connected in series, an
applied AC voltage drops across the capacitors in inverse pro-

5 MMF
oKV
PROBE TiP—]{ ::a::::::::::::::;:: VERT
500 ¢ TO SCORE
MMF 7 bt GND
AX.
GND R X

Fig. 2-8. Configuration of a typical high-voltage capac-
itance-divider probe.

portion to their capacitance values. Thus, if one capacitor has
99 times the capacitance of the other, 0.01 of the applied voltage
is dropped across the larger capacitor. In turn, the smaller
capacitor requires a high voltage rating.

The attenuation factor of the probe is 100-to-1, and is set
by trimmer capacitor. This is a maintenance adjustment. A 100-
to-1 factor is used to tie the probe attenuation in with the
decade step attenuator of the scope. The probe attenuates
horizontal sweep-circuit signals to 0.01 of their source value,
thus protecting the scope against damage. If the scope has been
calibrated with a direct probe, it is not necessary to recalibrate

M
(A} Correct waveform, obtained with {B) Distorted waveform displayed by
low-C probe. high-voltage capacitance-divider probe.

Fig. 2-9. Distortion of 60-cycle wave by high-voltage capacitance-divider probe.

when a high-voltage probe is to be used. The decimal point in
the calibration factor is shifted two places to the right.

The high-voltage probe is useful in any horizontal-frequency
circuit test. However, it attenuates the usual sync-circuit and
horizontal-oscillator voltages too much for convenient observa-
tion. Its use is therefore generally restricted to the horizontal-
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sweep circuit. Beginners sometimes erroneously use a high-
voltage capacitance-divider probe in 60-cycle vertical circuits,
such as the vertical-sweep circuit. Vertical-frequency wave-
forms are distorted by the probe, as shown in Fig. 2-9.

The reason for this distortion is seen from Fig. 2-10. The
probe does not stand alone, but works into the vertical-input
impedance {Ry, and C,;;) of the scope. The shunt resistance can
be neglected at horizontal frequencies, because it is very high
compared with the low reactance of the input capacitance. But,
at vertical frequencies, the shunt resistance has a value in the
same order as the reactance of the input capacitance. The probe
thus acts as a differentiator at vertical frequencies, and vertical-
frequency waveforms are badly distorted.

Cp
PROBE =— SEErTETrnE
TP ! i

3L
Ein)

GND

(A) Configuration when connected to vertical input
of the scope.

{C) Equivalent circuit at low frequencies.

Fig. 2-10. High-voltage capacitance-divider probe, and
its load circuit.

When a low-C probe or a high-voltage capacitance-divider
probe is used, the waveform aspect is the same as with a direct
probe. In most scopes, the beam is deflected when a positive
voltage is applied to the vertical input terminal, and vice versa.
When a demodulator probe is used, the waveform aspect is
determined by the polarity of the crystal diode in the probe.
If the diode is reversed, a positive-going sync display will be
changed to a negative-going display, as shown in Fig. 2-11.

A few scopes have a polarity-reversing switch, making it
possible for the user to invert the pattern. If a negative-going
pulse is displayed when a demodulator probe is used, and the
operator prefers to invert the display, it is then necessary only
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to turn the polarity-reversing switch. Its chief use is in sweep-
alignment displays (Fig. 2-12). Some technicians prefer to work
with positive-going curves, and a polarity-reversing switch
makes the curve aspect independent of detector polarity.

(A) Positive. (B) Negative.

Fig. 2-11. Positive- and negative-going video signals.

STRAY FIELDS

Exposed binding-post connections—even though a shielded
input cable is used to the scope, can be a source of hum or
horizontal-pulse pickup when a low-capacitance or demodula-
tor probe is used. The reason for this is that the vertical-input
terminal becomes a high-impedance point regardless of the

(A} Positive-going curve, (B) Negative-going curve.

Fig. 2-12. Swoep-alignment curves.

circuit impedance under test. Coaxial connectors therefore are
preferred to binding posts. A coax connector provides a com-
pletely shielded connection to the vertical channel, which is
immune to stray fields.

Beginners are sometimes confused by the stray-field pattern
which appears when a direct or low-capacitance probe (or open
test leads) are left unconnected on the bench (Fig. 2-13). The
stray-field pattern disappears if the probe or leads are con-
nected across a resistor, capacitor, or inductor. Appearance
of the stray-field pattern on open circuit is due to the high
input impedance and high sensitivity of the scope. Stray fields
are a source of very high impedance voltages. When the input
impedance to the scope is reduced by connecting the input leads
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or probe across a component, stray fields induce a negligible
voltage into the leads.

If a low-C probe is connected to a very high impedance cir-
cuit, however, and stray fields are fairly strong, the probe tip
will sometimes pick up enough stray-field interference to be
troublesome. This situation is infrequent. But when it does
oceur, the stray-field interference can be minimized by remov-

Fig. 2-13. Stray-field pattern, displayed
when test leads of scope are left open.

ing the alligator clip from the end of the probe, so that a mini-
mum pick-up surface is exposed. A clip can be used without
difficulty in the majority of tests. This is convenient because
the probe does not have to be held in contact with the circuit
point under test.

Most stray-fields problems are external to the scope itself,
but sometimes distortion of waveforms results from internal
difficulties. An example is false deflection of the baseline at
the left-hand end when the scope is operated at high gain.
This results from crosstalk between the blanking and the ver-
tical step-attenuator circuits in most cases. Scopes susceptible
to this type of distortion sometimes operate normally when
the blanking function is not used. The difficulty can be cor-
rected by enclosing the vertical step attenuator in a grounded
shield can.

Baseline distortion may be observed in some cases even when
the blanking function is not used. This results from crosstalk
between the horizontal-deflection and vertical step-attenuator
circuits, The only remedy in this situation is to enclose the
step attenuator components in a shield box, as mentioned.

Sometimes an unstable vertical amplifier in a scope will sim-
ulate stray-field interference. For example, if the scope does
not have input cathode followers, parasitic oscillation may occur
in the pattern when testing across a coil with the scope oper-
ating at high gain. Most service scopes (but not all) have input
cathode followers. Those service scopes without cathode fol-
lowers may need to be operated with caution when testing
resonant circuits which can form a TPTG oscillator in com-
bination with the peaking coils in the first vertical-amplifier
stage. This applies principally in signal-tracing sound-IF cir-
cuits, which resonate at 4.5 mc.
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WIDE-BAND VERSUS NARROW-BAND RESPONSE

Vertical amplifiers may provide a choice of narrow-band
versus wide-band response. The scope bandwidth may be 1.5 me
when switched to the narrow-band position, and 4 me¢ when
switched to the wide-band position. Vertical gain is corre-
spondingly higher in narrow-band operation, because it is a
basic electrical law that the product of gain times bandwidth

#

Fig. 2-14. A dual-bandwidth step attenuator.

is a constant for any amplifier. The bandwidth is reduced (and
gain increased) by switching higher values of plate-load im-
pedance into the vertical-amplifier circuit. The bandwidth
switch is commonly combined with the vertical step attenuator,
as seen in Fig. 2-14.

When a demodulator probe is in use, the narrow-band func-
tion of a dual-bandwidth scope is most useful. Because of the
limited bandwidth of a demodulator probe, no advantage is
obtained by wide-band scope operation. However, the in-
creased sensitivity of the vertical amplifier in narrow-band
operation is often useful in testing low-level IF circuits.

When a low-C probe is used, the wide-band function of a
dual-bandwidth scope is generally preferred. Waveform dis-
tortion is minimized. The lower gain imposed by wide-band
operation is no handicap because most circuits tested with a
low-C probe have ample signal voltage to give full-screen de-
flection. The same observations apply to the application of direct
and high-voltage, capacitance-divider probes.

Resistive isolating probes are commonly used on the narrow-
band function of a dual-bandwidth scope. The limited band-
width of the probe defeats the use of the wide-band function.
A compensated step attenuator is not required for use with a
resistive isolating probe, nor with a demodulator probe.
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INCONSISTENT LOW-C PROBE RESPONSE

Sometimes when a low-C probe is adjusted for proper re-
sponse on one setting of the step attenuator, its response is
poor on another setting. This generally results from improper
adjustment of the compensating trimmers in the step attenua-
tor. (Refer to Fig. 1-20.) In Case C2 or C3, or both, are mis-
adjusted, probe response will be inconsistent on different at-
tenuator steps. Both incorrect attenuation factor and waveform
distortion can result.

To check the adjustments of the compensating trimmers in a
step attenuator, it is most convenient to use a square-wave sig-
nal with an approximate 15-kc frequency. The trimmers are
set so that good square-wave reproduction is obtained on each
step.

LOw-C
PROBE O

SQUARE -
GENERATOR Scope
LoV
b0 G

8+

Fig. 2-15. Video amplifier serves as utility wide-band amplifier.

Some square-wave generators have weak outputs, and ample
vertical deflection can be obtained only on the X1 position of
the step attenuator. In that case, an amplifier must be used
between the generator and the low-C probe. A video amplifier
in a TV receiver is well suited to this application. Use the test
setup shown in Fig. 2-15. An audio amplifier is unsuitable for
this purpose because its limited bandwidth will distort a 15-kc
square wave severely, unless an unusually good hi-fi amplifier
is available.

Basis of Bandwidth Requirement

Audio amplifiers step up voice and musical frequencies. The
range of these frequencies can be simply demonstrated by con-
necting a speaker to the vertical-input terminals of a scope. The
waveform of any sound entering the speaker will be seen on
the scope screen. If the speaker output transformer is used,
connect the primary terminals to the scope input terminals.
Much weaker sounds are then reproduced. Analysis of various
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speech and musical tones will show that a top frequency of
about 10 ke and a lower limit of about 20 cycles is necessary
for full reproduction of sound. This is the bandwidth require-
ment of an audio amplifier.

Video-IF amplifiers step up modulated-IF signals. The basis
of the bandwidth requirement is illustrated in Fig. 2-16. A
modulated sine wave has sideband frequencies. These sideband
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Fig. 2-16. Build-up of a modulated sine wave.
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frequencies can be separated individually from the modulated
wave by narrow bandpass filters, such as those in amateur radio
gear. The “spread” of the sideband frequencies determines the
bandwidth requirement of an IF amplifier. For example, con-
sider a 40-mc carrier wave modulated by a 4-mc video signal.
The modulated wave consists of the 40-mc carrier, a 44-mc
sideband, and a 36-mc sideband. A form of single-sideband
transmission and reception is used in TV transmission, so that
the IF amplifier need have only a bandwidth of 4-mc, instead
of 8 mec. For the example cited, the IF amplifier would pass the
40-mc carrier and the 44-mc sideband.

GROUND LEAD OF SCOPE PROBE

Beginners sometimes overlook the necessity for a suitable
ground return when making oscilloscope tests. Consider the



simplest situation (Fig. 2-17) in which an open test lead is
connected from the vertical-input terminal of the scope to
the circuit under test. Excessive hum voltage appears in the
pattern, as shown, as no ground lead is connected between
the scope case and the chassis of the receiver under test. The
hum voltage appears because the ground-return path is forced
to route itself through the power supplies of the receiver and

CIRCUIT ¥ W SCOPE
UNDER
TEST OV

POWER

SUPPLY
POWER nzv
SUPPLY 60ru
{A) Equipment hookup. (B) Large 60-cycle interference in

pattern,

Fig. 2-17. Effect of ground-return lead to scope omitted.

scope via the 117-volt line. The hum interference disappears
when a ground lead is connected from the scope case to the re-
ceiver chassis.

The need for a complete circuit is plainly evident in the case
of DC flow, as in Fig. 2-18. If one of the leads is omitted, the
lamp does not light. However, capacitance can complete a
ground-return circuit in an AC configuration (Fig. 2-19). The
reactance of capacitor C at 60 cyecles permits AC to flow through
the neon bulb. The bulb glows, although there is not a com-
plete metallic path around the circuit. {(Note that one side of

Fig. 2-18. If one of the leads is omitted, the lamp
does not light.

the power line is always grounded, as a protection against
lightning.) The higher the capacitance of C, the brighter the
lamp glows.

Both the receiver and the scope depicted in Fig. 2-20 have
power-supply transformers. There is stray capacitance between
primary and secondary of each transformer. Although there is
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no ground lead connecting the receiver chassis and the scope
case, a high-impedance “connection” nevertheless exists be-
tween them, due fo stray capacitances C1 and C2. There is a
small capacitive transfer of 60-cycle current from primary
to secondary via C1 and C2. It is so small that it is generally
regarded as being of no importance. Nevertheless, if a ground-
return lead from the scope to the receiver chassis is mistakenly
omitted, forcing a ground-return path through C1 and C2, the
small 80-cycle voltage drop across each of stray capacitances
C1 and C2 appears in the pattern if a ground-return lead is
not used.

In the case of a demodulator probe, it is quite essential to
use the short ground lead which is connected to the probe
housing. Technicians sometimes suppose that if an open ground
lead is run from the scope to the receiver chassis, there is then
no need to bother with the short high-frequency ground lead
of the probe. This is a serious error for the following reason.
Unless the high-frequency ground lead is kept quite short, its
series inductance and stray capacitance will act as a filter and
seriously disturb the high-frequency signal. At 40 me, for ex-
ample, the signal may be killed completely. If a long ground
lead permits some IF signal to pass, the waveform is likely to
be highly distorted.

The need for using the short ground lead provided with a
low-capacitance probe is less important. But, when testing
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video waveforms (which have frequency components up to
4 mc), waveform distortion can occur unless a reasonably short
ground-return lead to the probe is used.
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CHAPTER 3

Signal Tracing in
RF, IF, and Video Amplifiers

Signal tracing is the procedure by which the progress of
an applied signal voltage is checked, stage by stage, through
the signal channels of a television receiver. The signal channels
comprise an RF amplifier, mixer, video-IF amplifier, video
amplifier, sound-IF amplifier, and audio amplifier.

TROUBLESHOOTING RF AMPLIFIER

When the symptom is “no picture and no sound,” signal trac-
ing starts logically at the front-end-—after tubes have been
checked, of course. A typical front-end configuration is shown
in Fig. 3-1. The test point (often called the looker point) is a
convenient terminal from which to make a preliminary signal-
tracing test. A low-capacitance probe and scope are connected
to it, and the front-end input terminals energized from a TV
antenna or from a pattern or signal generator. If the scope has
good sensitivity, about an inch of vertical deflection will nor-
mally be obtained from a fairly strong input signal. When a
pattern generator is used, the video waveform in Fig. 3-2 will
normally be observed.

If the scope sensitivity is low, a direct probe can be applied
to the looker point—although the increased circuit loading will
add to the waveform distortion. Even with a low-C probe, the
reproduced video waveform has appreciable distortion because
the looker point is a tap on the mixer grid-leak. Thus, between
the mixer grid and the probe there is series resistance, which
acts as a low-pass filter. The horizontal-syne pulses are at-
tenuated considerably, and the high-frequency components
of video information are lost. Nevertheless, the significant
consideration is the presence or absence of the signal. If absent,
the front-end components must be checked. DC voliages can
be measured with a VOM or VIVM, and resistors with an
ohmmeter. Capacitors must be removed from the circuit and
checked on a tester (or by substitution). When components are
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front-end configuration.
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inconveniently ‘“buried” in a front-end, many technicians pre-
fer to send it to a specialty shop for repair.

There is a reason for using a low-C or direct probe at the
looker point, instead of a demodulator probe. The mixer is a
heterodyne configuration in which the grid circuit operates
basically as a rectifier, and not as an amplifier. (There is a
small gain through the mixer stage, but this is not its primary
function.) The grid normally operates at zero bias (or contact
potential). Should a DC bias voltage be fed to the grid, the
tube would be biased to the midpoint of its characteristic and
operate as an amplifier instead of detector. No IF signal would
appear at the plate and, for all practical purposes, the mixer
would be dead.

A substantial negative bias will appear on the mixer grid
during normal operation. It is generated by grid-current flow
during positive peaks of the oscillator signal, which is injected
into the mixer grid circuit. This signal-developed bias provides
a good check of oscillator operation. If a VOM or VI'VM meas-
ures zero volts or only the contact potential (about —0.5 volt),
the oscillator stage is dead.

When no signal is found during a scope check at the looker
point, do not forget to measure the AGC voltage to the RF
amplifier. AGC trouble can bias off (cut off) the RF-amplifier
tube, and thereby give a false appearance of front-end trouble,
The AGC voltage should measure nearly zero volts with no
signal input to the front end. With an applied signal, several
volts of negative bias will be measured when the signal level
is turned up.

If a TV station signal is used, a changing video waveform
is normally displayed at the locker point. The signal has the
basic appearance shown in Fig. 3-2. If an AM signal generator
is used to drive the front end, a sine-wave signal is normally
observed at the looker point (Fig. 3-3). The waveform may
or may not appear distorted, depending upon the signal gen-
erator being used. Some AM generators have a good sine-wave
modulation, while others have a highly distorted waveform.
Distorted modulation is not of concern; only the presence of a
signal is checked.

The detector action of a mixer tube is indicated in Fig. 3-4.
Partial rectification is illustrated. The modulated RF input
signal has an average value of zero, because the positive and
negative half cycles have equal excursions. The output signal,
however, does not have an average value of zero. It has a DC
component on which the modulating frequency component is
superimposed. The modulating frequency is comparatively low,
and falls within the response range of the scope. Hence, the
modulating frequency waveform is seen on the scope screen.
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Fig. 3-2. Video waveform present at Fig. 3-3. AM generator displays a sine-
the looker point. wave signal.

SIGNAL TRACING IN THE IF SECTION

A demodulator probe is used to signal-trace the video-IF
section. Fig. 3-5 shows a simplified video-IF circuit, with suc-
cessive test points lettered. The lowest signal level occurs
at point A, and the highest at point H. The normal signal level
at point E will be greater than the normal level at point D, due
to the stage gain. However, when making demodulator probe
tests, the reverse may seem to be the fact. Input capacitance of
the probe causes circuit detuning.

MODULATING
FREQUENCY
COMPONENT

(A} Moduiated RF input to mixer. (8) Partial rectified output contains the
modulating frequency.

Fig. 3-4. Detection process in mixer tube.

IF amplifiers are staggered-tuned. In case L3 is tuned to a
lower frequency than L2, application of the probe at point E
temporarily makes its resonant frequency still lower. The
impedance of the L3 plate-load circuit becomes abnormally
low. The stage may appear to have a loss instead of a gain.
Hence, do not consider apparent gain indications as meaningful,
and look merely for the presence of a signal. A typical pattern
is shown in Fig. 3-6. The scope is deflected at a 30-cycle rate,
because the pattern is distorted (due to limited probe band-
width), and the vertical sync pulse is the most prominent ele-
ment in the pattern.

In the example cited, wherein L2 is tuned to a higher fre-
quency than L3 (Fig. 3-5), applying the probe at point D may
cause the IF stage to break into oscillation. This occurs when
the probe’s input capacitance lowers the resonant frequency
of L2 to about the same value as L3. The stage then operates
as a tuned-plate tuned-grid oscillator. No pattern appears on
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the scope screen, because the stage is blocked by the high
signal-developed bias resulting from oscillation. Thus, the stage
may seem to be dead when tested at point D, but the false con-
clusion is avoided by observing that a signal is found at
peint E.

If a signal is found at point C, but not at point D, this indi-
cates that coupling capacitor C2 is open. Little or no signal
is normally found at decoupling points, such as I, J, K, ete.
Do not be misled by the presence of a small signal at decoupling

Fig. 3-6. Typical pattern obtained in
an IF signal-tracing test,

points. It is difficult to get a perfect AC ground at 40 mc, be-
cause of the series inductance of connecting leads. Thus, unless
the leads of the decoupling capacitor are very short, bypass
action is somewhat incomplete. When a stage does not check
out satisfactorily in the signal-tracing test, individual compo-
nents in the stage are tested next. DC voltages and resistances
are measured, and compared with values specified in the re-
ceiver service data. Capacitors are tested on a capacitor checker,
or by substitution.

Poor Picture Quality

Trouble in the IF amplifier can cause a poor picture-quality
symptom, as illustrated in Fig. 3-7. If a laboratory-type (wide-
band) demodulator probe is available, the defective stage can
be located directly by a signal-tracing procedure. The video
signal is inspected for distortion as the probe is moved pro-
gressively through the IF-amplifier section. If a service-type
demodulator probe is used, the video signal is so severely dis-

Yt E—

Fig. 3-7. A poor picture-quality Fig. 3-8. Bandwidth is measurad be-
symptom. twesn the half-voltage peak points.
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torted that the needed indication is masked. Therefore an
indirect troubleshooting method must be used.

A sweep generator is used, instead of a pattern or signal
generator. For details of application, the reader is referred
to 101 Ways to Use Your Sweep Generator. Good picture qual-
ity depends upon adequate bandwidth and a reasonably flat-
topped frequency response. Fig. 3-8 shows how bandwidth is
measured between the 6-db (half-voltage) points. A band-
width of at least 3 me is required for acceptable picture quality.

Fig. 3-9. A sharp peak on a response
curve causes ringing.

If the top is not reasonably flat, but sharply peaked, as in
Fig. 3-9, picture quality is poor even when bandwidth is ade-
quate. A sharp peak causes ringing in the picture (circuit
ghosts).

A demodulator probe suitable for signal tracing can be con-
structed by using the circuit shown in Fig. 3-10. Although the
probe is bulky, and requires a bench power supply (preferably

MME
PROBE TiP meer] ey

{SHORT LEAD} 2
IMEG S

GND
Fig. 3-10, Wide-band demodulator probe.

regulated), it is highly useful for localizing an IF stage causing
poor picture quality. The IF signal provided by a pattern gen-
erator or TV antenna is checked at the grid and plate of each
IF tube. An undistorted video signal (Fig. 3-11) is normally
found at each grid and plate terminal. When the stage causing
poor picture quality is tested, the scope shows a distorted video
signal. Horizontal sync pulses appear higher or lower than the
vertical sync pulse, and the pulse shape is distorted. The pro-
portion of syne to video is changed.
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When the distorting stage is localized, the DC voltages and
resistances in the circuit are measured, capacitors are checked,
and the stage alignment is investigated. Alignment of the tuned
circuits is usually checked last, because poor picture quality
is most likely to be caused by a defective component. There is

Fig. 3-11. Undistorted video signal.

usually only one defective component to be localized. If a
screen-bypass capacitor is shorted, however, it sometimes
damages the screen resistor also, because of excessive current

drain.

Picture Pulling, or Loss of Sync

When an IF tube is overloaded, the sync pulses are always
compressed or clipped, as seen in Fig. 3-12. Overloading is
usually caused by the grid or cathode bias being too low. Thus,
if C11 or C9 becomes shorted (Fig. 3-5), sync compression can
be expected. Of course, it is assumed that IF-amplifier tubes
are good. Vertical-syne punching is often observed when bias
on an IF tube is too low. The vertical-sync pulse is depressed
below the level of the horizontal pulses. Sync punching causes
unstable vertical syne, or complete loss of vertical lock.

Fig. 3-12. Sync pulses comprassed.

Severe overloading in an IF stage can cause a negative
picture, when the grid-leak resistance is comparatively high.
When a picture is completely negative, all the tones are re-
versed. When it is partially negative, the deep grays and blacks
are reversed in tone, while medium and light grays are repro-
duced normally. Negative picture reproduction is caused by
modulation reversal, whereby positive modulation is converted
to negative modulation. Excessive grid-current flow, with suit-
able circuit constants, results in this conversion.
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Hum in the IF Signal

There are two types of hum voltage which can enter the video
signal. Power-supply hum may be either 60-cycle or 120-cycle
frequency, depending on the type of power supply. Heater hum
has a 60-cycle frequency. A scope is a sensitive indicator of
hum, and shows clearly the presence of hum voltage at levels
below the point at which hum bars appear in the picture. When

Fig. 3-13. Hum in the video-IF signal. Fig. 3-14. Strong hum bar in picture.

the hum level is high, the video signal appears typically as
shown in Fig. 3-13, and the picture contains hum bars as in
Fig. 3-14. Sync stability is often affected when the hum level is
high.

Basically, 60-cycle hum produces one cycle of sine-wave
curvature in the video signal, while 120-cycle hum produces
two cyeles. The pattern is not always simple. AGC action tends
to smooth out the hum, and amplification becomes nonlinear
when the hum level is high, distorting the hum waveform. Only
heater hum has a sine source waveshape; power-supply hum
usually has a distorted sawtooth waveshape.

To trace hum voltage to its source in an IF amplifier, it is
usually necessary to clamp the AGC line with a bias box or
battery. Doing so eliminates the confusion of AGC reaction,
and the video signal will be normal until the stage injecting
the heater hum voltage is reached. Thus, heater hum is easily
and definitely localized in a signal-tracing test.

Power-supply hum, however, is a generalized source which
feeds into all the IF stages. The hum component increases
from stage to stage, and has its lowest amplitude at the first
IF' grid. When power-supply hum is suspected, use a low-C
probe with the scope, and check for hum on the B+ supply
line. There is always some hum voltage present, but it should
not be greater than the value specified in the receiver service
data.

If normal reception resumes when the AGC line is clamped,
the hum voltage is entering the IF amplifier via the AGC line.
The trouble then will be found in the AGC section, and not in
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the IF section. Do not confuse hum voltage on the AGC line
with 60-cycle variations stemming from sync-section trouble.
For example, if a fault in the AFC circuit causes the picture
to pull considerably at the top, a loss of phase occurs between
grid and plate pulses in a keyed-AGC tube, and a 60-cycle
voltage simulating hum appears on the AGC line.

Low Contrast Versus Stage Gain

Low contrast in the picture (Fig. 3-15) is due to low gain.
It is sometimes necessary to localize a low-gain IF stage, to
clear up a symptom of low contrast. Localization is uncertain

Fig. 3-15. Picture has low contrast.

with a demodulator-probe test, because of the erratic nature
of circuit loading imposed by ordinary probes. However, by
using the picture detector as the demodulator, and using an
IF signal-injection technique, a low-gain stage can be quickly
localized.

The test setup illustrated in Fig. 3-16 can be used. Connect
a scope and low-capacitance probe to the picture-detector out-
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Fig. 3-16. Stage-gain tost setup.

put, to serve as an indicator. Use an AM generator as a signal
source, and connect a 270-mmf blocking capacitor in series with
the “hot” lead, to avoid drain-off of DC bias. Clamp the AGC
line with —1.5 or —3 volts DC from a bias box or battery, and
apply the generator signal first at point 1 to drive the input
of the picture detector. Operate the generator on its modulated-
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output function, tune to the mid-frequency of the IF band,
and advance the generator output to produce about a half
inch of vertical deflection on the scope screen. (This is a sine-
wave pattern.)

Next, transfer the “hot” lead from the generator to point 2,
the grid of the third IF tube. In case the third IF stage is oper-
ating normally, the sine-wave pattern on the scope screen will
increase in height considerably. With —1.5 volts bias, a gain
of 5 is typical; however, the exact stage gain differs depending
upon the tube type and circuitry details. If the third IF stage
is faulty, the pattern will increase only a small amount in
height, or may even decrease. In such case, check out the com-
ponents in the third IF stage.

The next test is made by connecting the “hot” generator lead
to point 3, the grid of the second IF amplifier. If the pattern
is off-screen vertically, go back to point 2 and reduce the gen-
erator output for a suitable pattern height, such as .5 inch.
Then, transfer the generator lead to point 3, and observe how
many times the pattern height increases. Again, a substantial
gain should be found. Otherwise, there is a defective compo-
nent in the second IF stage.

The first IF stage is checked for gain by transferring the
generator lead to point 1, the grid of the first IF amplifier.
This progressive test procedure will show definitely whether a
low-contrast picture symptom is due to IF trouble, and if so,
which stage is at fault. Each time the generator lead is moved
back one stage, the true gain of the stage is determined, for the
particular grid-bias voltage to which the AGC line is clamped.

This procedure gives a true gain figure, because the AM gen-
erator has low output impedance (the output cable is termi-
nated usually in either 50 or 75 ohms). When the generator
signal is applied to the grid of an IF tube, the low impedance
of the source “swamps out” the resonant response of this grid
circuit, and the following IF circuitry operates normally.

Ground-Circuit Difficulties

Although ordinary low-impedance demodulator probes are
not susceptible to stray-field interference, application problems
can arise in low-level circuits due to extended ground loops.
In signal-tracing the first-IF stage, e.g., when the signal is
checked at point A in Fig. 3-17, a different pattern may be ob-
served if the probe is grounded at point 2, instead of at point 1.
The reason is that the separated ground points have appreciable
reactance between them at 40 mc, If the probe is grounded at
point 2, the voltage difference between points 1 and 2 is added
to the grid waveform. Obviously, if the demodulator probe is
connected between grounds 1 and 2, the probe input is not

70



short-circuited. Instead, a waveform is seen on the screen when
the scope is operated at high gain. The farther a pair of 40-mc
grounds are separated, the greater the ground-circuit inter-
ference.

Some IF amplifiers have a common ground point for all com-
ponents within a given stage. In such case, the possibility of
ground-circuit pickup is not present. However, this is not true
of all IF strips, as ground points for grid and plate circuits
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Fig. 3-17. Grounds (1) and (2} are at
different 40-mc potential.

AGC

may be separated several inches, in some chassis. The most
troublesome ground-circuit interference occurs when the probe
is moved from one stage to the next, without transferring the
probe ground lead. That is, the signal is being checked in the
first IF stage, for example, but the probe ground is connected
to the chassis at the output of the second stage. This is very
poor practice, because the ground-circuit drop may introduce
more signal voltage than is present at the first IF grid.

SIGNAL TRACING IN THE VIDEO AMPLIFIER

A low-C probe is used when signal-tracing in the video-
amplifier section. Fig. 3-18 shows a typical circuit for the
video-amplifier section. This is an AC-coupled amplifier. Some
video amplifiers are DC coupled, and many utilize only one
stage. The coupling capacitors in AC-coupled amplifiers are
checked easily in the signal-tracing procedure. Fig. 3-19 shows
how a low-C probe is shifted from input to cutput of a coupling
capacitor in this test. Practically the same undistorted video
signal is found normally at either end of the capacitor.

If the capacitor is open, or nearly open, the video signal is
normal at the input end, but differentiated at the output, as
shown in Fig. 3-20. If a good capacitor is bridged across the
open unit, the output waveform is restored to normal. Thus,
the scope and low-C probe serve as an efficient in-circuit capaci-
tor checker.
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VIDED DET

Fig. 3-18. Typical video-amplifier circuit.

In case an integrated video signal is observed, as shown in
Fig. 3-20B, decoupling capacitor C4 (Fig. 3-18) would be the
suspect. The suspicion is confirmed by checking across C4 with
the probe. If video signal is present, the capacitor is open. An
open decoupling capacitor causes integration of the video signal
because the plate-load resistance is thereby increased to an
abnormally high value. In turn, high video frequencies are
attenuated and shifted in phase. Phase shifts in the video signal
cause picture smear.

In order to see clearly the nature of frequency distortion
and phase shift in a video signal, it is helpful to observe a sim-
plified waveform consisting of a hybrid sine and square wave,
as seen in Fig. 3-21. This waveform normally consists of a sec-
tion of sine wave followed by a section of square wave. When
differentiated, the flat top becomes curved downward, showing
the loss of low frequencies. Also, the sine-wave section is shifted
in phase, and leads the normal wave. The flat top becomes
curved upward when integrated, showing the loss of high fre-
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Fig. 3-19. Signal tracing across a coupling capacitor.
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(B) Integrated signal.

Fig. 3-20. Normal and abnormal video
waveforms in Fig. 3-18.

(C) Differentiated signal.

quencies. The sine-wave section is shifted in phase, and lags
the normal wave.

White Compression

When incorrect operating voltages cause a video-amplifier
tube to compress or clip the video signal in the white region
(Fig. 3-22), the picture appears muddy and filled up. On the
other hand, compression or clipping of the sync tips causes
impaired sync lock. Although synec clipping can ocecur in either
the video amplifier or the IF amplifier, white compression oc-
curs only in the video amplifier.

(A} Normal waveform.

Fig. 3-21. Hybrid sine and square
waves,

(C) Differentiated waveform,
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If white compression is localized to a stage, check the DC
voltages at the video-amplifier tube(s). Incorrect grid or cath-
ode bias is the most common cause, although off-value plate
and screen voltages are sometimes responsible. A leaky cou-
pling capacitor, or a shorted cathode-bypass capacitor changes
the grid and cathode bias voltages, respectively. Off-value plate
or screen voltages are usually caused by resistors increasing in
value (although a resistor occasionally decreases in value). A
leaky screen-bypass capacitor reduces the screen voltage, and
a leaky plate-decoupling capacitor reduces the plate voltage.
An open screen-bypass capacitor causes a greatly reduced
gain figure, and the picture has low contrast.

Gain is checked quickly by comparing vertical deflections at
the input and output of the video amplifier. Since normal gain
figures vary considerably from one chassis to another, check
the receiver service data. Peak-to-peak voltages at the video-
amplifier output and input are specified. If the gain is normal,
but the peak-to-peak voltages are low, the trouble is in a stage
ahead of the video amplifier.

Fig. 3-22. Video signal with white
portions compressed.

Poor Definition

If poor picture definition occurs in the video amplifier, a
signal-tracing test with square-wave input will disclose the
faulty circuit. The output from a square-wave generator is
