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Introduction

In recent years electronics has undergone significant
changes—some technicians would say revolutionary changes.
For example, the vacuum tube has almost disappeared from
the scene (with the exception of the cathode-ray tube). The bi-
polar transistor and field-effect transistor are now being ex-
tensively replaced by integrated circuits. Today, an integrated-
circuit operational amplifier could be confused with an older
type of transistor, except for its more complex basing. Silicon
controlled rectifiers and related devices have made extensive
inroads into the power-type bipolar transistors formerly used
in television receivers. More dramatically, a digital revolution
has occurred, and receiver tuning in particular is often accom-
plished by computer-type arrangements. Specialized television
receivers provide digital-controlled readouts of the operating
channel and the time, with provision for extensive preprogram-
ming of receiver operation. Digital filtering techniques are cur-
rently used for optimum separation of chroma and Y signals.

Evolution of the oscilloscope has kept pace with the rapid
advance of electronics technology. Not too long ago the ser-
vice-type oscilloscope illustrated in Fig. I-1 was unheard of,
although its predecessor was used in laboratories. Today, the
television technician regards a dual-channel triggered-sweep
oscilloscope as a basic service instrument. Bread-and-butter
types of service oscilloscopes have vertical-amplifier band-
widths of approximately 5 MHz. Oscilloscopes designed for
servicing computer-type circuitry, such as the one shown in
Fig. 1-2, provide vertical bandwidth in the order of 30 MHz.
Professional varieties of oscilloscopes designed for compre-



Courtesy Sencore, Inc
Fig. I-1. A modern service-type oscilloscope.

hensive testing of high-speed digital circuitry (Fig. I-3) feature
vertical-amplifier bandwidths in the order of 100 MHz. “Old old
timers” are necessarily impressed also by the comparatively
small dimensions and light weight of extra-high performance
modern oscilloscopes, with respect to the large and heavy low-
performance scopes used forty years ago.

This book emphasizes practice, not theory. It is designed to
show you how to do various jobs with your equipment as effi-
ciently as possible. Information is presented without frills or
double talk. Since a television set has the most involved elec-
tronic circuitry the average technician encounters, much of
the text is related to testing the various sections and compo-
nents of this type of receiver. This book has a twofold purpose:
to help you understand how to make waveform tests with an
oscilloscope, and to show you how to analyze the waveforms
produced by defective circuits. A careful study of these pages



Courtesy B&K Precision Products of Dynascan Corp.

Fig. 1-2. A 30-MHz oscilloscope suitable for digital-circuitry tests.

should make your work easier and more effective. Beginners
will find it very helpful to make the various tests at the bench,
as they proceed from one topic to the next. This provides a
form of reinforced learning which facilitates both learning and
retention of new material.

Most servicing is done with voltmeters. An oscilloscope is a
voltmeter. It is a more complete voltmeter than a vom or dvm.
A scope gives more complete information than a vom (or dvm),
because it shows how a voltage rises and falls in a receiver
circuit. This variation is called the waveform of the voltage.

It is sometimes supposed that a scope is difficult to operate.
Admittedly, a modern scope with triggered sweeps and dual-
channel display is more elaborate than the obsolescent instru-
ments with free-running horizontal-deflection oscillators and
single-channel display. However, it is still easier to learn how
to use a scope than to learn how to ride a bicycle.
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Courtesy Hewlett-Packard
Fig. I-3. A professional type of oscilloscope with a 100-MHz bandwidth.

Just as we can go places faster on a bicycle than on foot,
we can troubleshoot tv receivers faster with a scope than with
a voltmeter. For example, a meter cannot show whether a volt-
age is “ringing”—a scope does. A meter cannot show whether
a signal is undistorted, clipped, or noisy—but a scope does.
A meter cannot indicate the occurrence of parasitics, cross
talk, or phase shift—a scope shows these troubles at a glance.

Although this book is not intended to be used as a textbook,
if you have never used a scope before you will find it helpful
to read the next few pages carefully. Here you will find a prac-
tical discussion of peak-to-peak, instantaneous, effective, and
average values of sine waves, and how they tie in with the peak-
to-peak values of complex tv waveforms.

Television service literature frequently refers to “peak-to-
peak” voltage values. The ac voltage scales of a vom indicate
rms voltage values. The meter movement in a vom responds to
the average value of a rectified sine wave. Similarly, a rectified
sine wave is displayed on the screen scope with its average
value at the zero (beam-resting) level, when the scope is oper-
ated on its ac function. What do these various terms mean?

10
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Fig. I-4. A sine wave with important values.

A sine wave, with its important component values indicated,
is given in Fig. I-4. The highest value reached in any one di-
rection by a waveform is called its peak value. The peak-to-peak
voltage is equal to the total excursion from the positive peak
to the negative peak. The two peaks of the sine wave have the
same values on both positive and negative half-cycles—that is,
a sine wave is a symmetrical waveform. The peak voltage is
equal to one-half of the peak-to-peak voltage. The rms voltage
(indicated by a vom) is equal to 0.707 of the peak voltage, as
will be explained later in greater detail.

Of course, not all television waveforms are symmetrical. For
example, consider the basic pulse waveform as shown in Fig.
I-5. Note that here the positive-peak voltage is not equal to the
negative-peak voltage. However, the positive area of the wave-
form is equal to its negative area. The sum of the positive-peak
and negative-peak voltages is equal to the peak-to-peak volt-

LEADINGEDGE -
POSITIVE
PEAK *
PEAK-TO-PEAK
VOLTAGE VOLTAGE
0-VOLT AXIS

[
NEGA‘TIVE PEAK VOLTAGE =

Fig. I-5. Basic pulse waveform.
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age. Note that any complex waveform will be displayed on the
scope screen with its positive-peak voltage above the zero-volt
axis, and with its negative-peak voltage below the zero-volt
axis, when the scope is operated on its ac function.

As can be seen in Fig. I-4, the average value of a sine wave
is zero—that is, the average value over one complete cycle
is zero. It is sometimes puzzling to consider how we can speak
of “10 milliamperes of alternating current,” because the instan-
taneous value of the current is continuously changing, and the
average value of a complete cycle is zero. This puzzle is solved
by first recognizing that, although the average value of an ac
current is zero when tested with a dc meter, it does have some
finite value when tested with an ac meter. Furthermore, when
an alternating current is used for heating a soldering gun, or
for lighting a crt filament for example, both the positive and the
negative half-cycles of the waveform effectively produce heat
and/or light, and do not cancel out. In other words, cancella-
tion occurs only when the ac waveform is applied to a dc utili-
zation device, such as a dc voltmeter.

Early in the development of the electrical industry, dc was
used exclusively for heating, lighting, and power. Later, ac was
found to be more economical to distribute and use, and ac
power systems gradually displaced dc power systems. Now,
the industry faced a new problem. A unit of voltage and cur-
rent measurement was needed, whereby “110 volts” of ac would
produce the same amount of heat, light, or power as “110 volts”
of dc. What unit of ac measurement provides this equivalence?

Equivalence is realized when ac is measured in terms of “‘ef-
fective” values. In other words, the effective value of an ac
current corresponds to a dc value. A soldering gun will get just
as hot when energized by 110 volts of dc as it will by 110 ef-
fective volts of ac. Usually, we speak of an effective value as
an rms value. As noted in Fig. I-4, the rms value is equal to
0.707 the peak value. Vom’s are calibrated to read ac voltage
and current in terms of rms values. The initials “rms” stand
for “root mean square.” Thus, we can compile the useful rela-
tions of sine-wave voltages:

PEAK-TO-PEAK VOLTAGE = 2 X PEAK VOLTAGE
PEAK VOLTAGE = 1/2 x PEAK-TO-PEAK VOLTAGE
RMS VOLTAGE = 0.707 X PEAK VOLTAGE

PEAK VOLTAGE = 1.414 X RMS VOLTAGE
PEAK-TO-PEAK VOLTAGE = 2.83 X RMS VOLTAGE

Furthermore, if you are using a dc scope, you need to know
that when you apply a 1.5-volt battery across the vertical input

12



Fig. I-6. Sine wave and square wave with the same peak-to-peak voltage.

terminals of the dc scope, the trace will move the same vertical
height as when a 1.5 peak-to-peak sine wave voltage is applied.

The peak-to-peak voltages of the sine wave and square wave
in Fig. I-6 are equal. On the other hand, it is clear that the rms
voltages of the two waveforms are not equal. We know that the
rms voltage for the sine wave is equal to 0.707 of its peak volt-
age. It will be realized by inspection of the square wave that
its rms voltage is equal to its peak voltage. As a general rule,
the rms value of a complex waveform cannot be determined by
inspection. Service procedures require that rms values be mea-
sured only when heat or mechanical power is to be produced.
Otherwise, scope operators are concerned solely with peak and
peak-to-peak voltages. Note, too, that an ac waveform may be
associated with a dc level, as depicted in Fig. I-7. In this situ-
ation, a dc scope provides measurement of the dc component
level and of the peak-to-peak voltage of the ac component (sine
wave in this example).

As noted before, electronics technology is becoming increas-
ingly more advanced. We must keep up with these advances if
we are to remain competitive. Unless the full capabilities of os-
cilloscope use are clearly understood, it will become much
more difficult in the future to properly service modern circuitry.

DC COMPONENT
LEVEL

0-VOLT
LEVEL

Fig. I-7. How an ac waveform with a dc component is displayed on the screen
of a dc scope.
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SECTION 1

Audio Tests
and Measurements

1-1. To Check for Amplifier Distortion With a Dual-Trace Os- |
cilloscope

Equipment: Audio Oscillator.

Connections Required: Connect audio oscillator output cable
to input terminals of amplifier. Connect power resistor of
suitable value across amplifier output terminals. Connect os-
cilloscope “A” channel across amplifier input terminals, and
connect oscilloscope “B’” channel across amplifier output
terminals, as shown in Fig. 1-1.

Procedure: Advance output level from audio oscillator to ob-
tain maximum rated power output from the amplifier. A ba-
sic distortion test is made at a frequency of 1 kHz. Adjust
channel A and B gain controls to obtain patterns of equal
height. Adjust the positioning controls to superimpose the
two waveforms.

Evaluation of Results: If the two waveforms superimpose per-
fectly, the amplifier is practically distortionless. On the other
hand, when there is a discrepancy between the two patterns,
as shown in the diagram, the amplifier is distorting. If the
output pattern “writhes” when the audio oscillator is set to
59 Hz or 119 Hz, hum voltage is present.

14
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(B) Superimposed input/output
patterns.

Courtesy Sencore, Inc.
Fig. 1-1. Checking for audio distortion with a dual-trace oscilloscope.

NOTE 1-1
Basic Controls of Dual-Trace Oscilloscope
A dual-trace oscilloscope uses triggered sweep, with the basic con-
trols shown in Fig. 1-2. Some dual-trace scopes have separate time
bases for the vertical channels. The foregoing distortion test must be
made with both traces swept at the same speed. This distortion test can

be made, if desired, with a conventional oscilloscope supplemented by
an electronic switch.

1-2. To Check for Amplifier Distortion With a Differential-Input
Scope

Equipment: Audio oscillator.

Connections Required: Same as in Fig. 1-1.

Procedure: Drive the amplifier to maximum rated power output
at 1 kHz. Adjust channel A and B gain controls to obtain pat-
terns with the same height. Then switch the oscilloscope for
A-B display.

Evaluation of Results: If a straight horizontal line is displayed
on the scope screen, the amplifier is practically distortion-

15
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POWER ON-OFF toggle switch.
Applies power to oscilloscope.

INTENSITY control. Adjusts bright-
ness of trace.

Graticule. Provides calibration marks
for voltage and time measurements.

Pilot lamp. Lights when power is
applied to oscilloscope.

4 POSITION control. Rotation
adjusts horizontal position of trace.
Push-pull switch selects 5X magnifi-
cation when pulled out; normal when
pushed in.

S POSITION control. Rotation
3adjusts vertical position of trace.

7. VOLTS/DIV switch. Vertical atten-
uator. Coarse adjustment of vertical
sensitivity. Vertical sensitivity is
calibrated in 11 steps from 0.01 to
20 volts per division when VARI-
ABLE 8 is set to the CAL position.

VARIABLE control. Vertical atten-
uator adjustment. Fine control of
vertical sensitivity. In the extreme
clockwise (CAL) position, the
vertical attenuator is calibrated

AC vertical input selector switch.

When this button is pushed in the
dc component of the input signal
is eliminated.

Fig. 1-2. Basic controls of a



