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Introduction 

I n  recent years electronics has undergone sign ificant 
changes-some technicians would say revol utionary changes. 
For example, the vacuu m  tube has almost disappeared from 
the scene (with the exception of the cathode-ray tube) . The bi
polar  t ransistor and field-effect transistor are now bei ng ex
tensively rep laced by integ rated c i rcu its. Today, an integ rated
ci rcuit operational ampli fier could be confused with an older 
type of transistor, except for its more complex basing.  Si li con 
control led rectifiers and related devices have made extensi ve 
i n roads i nto the power-type bipolar transistors formerly used 
in television receivers. More dramatical ly, a digital revolution 
has occurred, and receiver tuni ng in  particu lar  is often accom
p l ished by computer-type arrangements. Special ized television 
receivers p rovide dig ital-control led readouts of the operating 
channel and the ti me, with provi sion for extensive preprog ram
ming of receiver operation. Digital fi ltering techniques are cur
rently used for opti mum separation of chroma and Y signals. 

Evolution of the osc i l loscope has kept pace with the rapid 
advance of electronics tech nology. Not too long ago the ser
vice-type osci l loscope i l l ustrated in Fi g. 1-1 was unheard of, 
although its predecessor was used in laboratories. Today, the 
television technician regards a dual-c hannel triggered-sweep 
osc i l loscope as a basic service instrument. Bread-and-butter 
types of service osc i l l oscopes have vertical-ampl i fier band
widths of approximately 5 MHz. Osc i l loscopes designed for 
servi ci ng comp uter-type ci rcuitry, such as the one shown in 
Fi g. 1-2, provide vertical bandwidth in the order of 30 MHz. 
Professional varieties of osci l l oscopes designed for comp re-



Courtesy Sencore, Inc. 

Fig. 1-1. A modern service-type oscilloscope. 

hensive testing of high-speed di gital ci rcu itry (Fig. 1-3) feature 
ve rtical-amplif ier bandwidths in the order of 1 00 M Hz. "Old old 
ti mers" a re necessari l y  im pressed also by the comparative ly 
small dimensions and light weight of extra-hig h perfo rmance 
modern osci l loscopes, with respect to the large and heavy low
performance scopes used forty years ago. 

This book emphasizes practice, not theo ry. It is  designed to 
show you how to do various jobs with your equipment as effi
ciently as possib le. Info rmation is p resented without fri l ls or  
double talk. Since a television set has the  most involved elec
t ronic ci rcuitry 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 pu rpose: 
to help you understand how to make waveform tests with an 
osci l loscope, and to show you how to analyze the waveforms 
produced by defective ci rcuits. A carefu l study of these pages 
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Courtesy B&K Precision Products of Dynascan Corp. 

Fig. 1·2. A 3D· MHz oscilloscope suitable for digital.circuitry tests. 

should make you r  work easier  and more effective. Beginners 
wi l l  find it very helpful  to make the various tests at the bench, 
as they p roceed from one topic to the next. This provides a 
fo rm of reinforced learning which fac i l itates both learning and 
retention of new materi a l .  

Most servicing is  done with voltmeters. An oscilloscope is a 
voltmeter. /t is a more complete voltmeter than a vom or dvm. 
A scope g ives more complete information than a vom (or dvm), 
because i t  shows how a voltage rises and fal ls  in a receiver 
ci rcuit. Th is  vari ation is cal led the waveform of the voltage. 

I t  is  someti mes supposed that a scope is difficult to operate. 
Ad mitted ly, a modern scope with triggered sweeps and dual
channel d isp lay is  more elaborate than the obsolescent instru
ments with free-running ho rizontal-deflection osci l lators and 
single-channel display. However, it is sti l l  easier to learn how 
to use a scope than to learn how to ride a b icycle.  

9 
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Courtesy Hewlett-Packard 
Fig. 1-3. A professional type of oscilloscope with a 100-MHz bandwidth. 

Just as we can go p laces 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 "ri ng ing "-a scope does. A meter cannot show whether 
a sig nal is  undistorted, c l ipped, or  noisy-but a scope does. 
A meter cannot indicate the occu rrence of parasitics, cross 
tal k, or phase shift-a scope shows these troubles at a glance. 

Although this book is not intended to be used as a textbook, 
i f  you have never used a scope before you wi l l  find it helpful 
to read the next few pages carefu l ly. Here you wi l l  f ind a prac
t ical  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 l iterature freq ue ntly refers to "peak-to
peak" voltage values. The ac voltage scales of a vom indicate 
rms voltage val ues. The meter movement in a vom responds to 
the average value of a rectified sine wave. Si m i larly, 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 



-------------1----

0.707 OF PEAK 

1.414 VOLTS 

---- TIME -----

Fig. 1-4. A sine wave with important values. 

A sine wave, with its im portant component values indicated, 
is given in Fig.  1-4. The highest value reached in any one di
recti on by a waveform is  cal led its peak value. The peak-to-peak 
voltage is equal to the total exc ursion 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 wavefo rm. 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 
wi l l  be explained later in greater detai l .  

Of  course, not al l  television waveforms are symmetrical . For 
exam ple, consider the basic pu lse waveform as shown in  Fig. 
1-5. 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 i ts negative area. The sum of the positive-peak 
and negative-peak voltages is equal to the peak-to-peak volt-r��O-""-� + ----- - - - - -----1-

POSITIVE 
PEAK 

VOLTAGE PEAK-TQ-PEAK 

O-VOl T AXIS 

VOL rGE 

NEG�I�V� �� ���E 
__ L...-____ -' ______ l 

Fig. 1-5. Basic pulse waveform. 
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age. Note that any comp lex waveform wi l l  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 i ts ac fu nction. 

As can be seen in  Fig. 1-4, the average value of a sine wave 
is zero-that is, the average value over one complete cycle 
is ze ro. I t  is sometimes puzzl ing to consider how we can speak 
of " 1 0  mi l l iamperes of alternati ng cu rrent," because the i nstan
taneous val ue of the cu rrent is conti nuously changing ,  and the 
ave rage value of a complete cyc le is zero. This puzzle is  solved 
by fi rst recognizing that, although the average value  of an ac 
cu rrent is zero when tested with a dc meter, it does have some 
finite value when tested with an ac meter. Furthermore,  when 
an a lternating cu rrent is  used for heating a solderi ng gun,  or 
for l ighti ng a crt filament for example, both the positive and the 
negative half-cyc les of the waveform effectively produce heat 
and / or l ight, and do not cancel out. I n  other words, cancel la
tion occurs only when the ac waveform is appl ied to a dc uti l i
zati on device, such as a dc voltmeter. 

Ea rly in the developm ent of the electrical i ndustry, dc was 
used excl usively for heating, l ighting, and power. Later, ac was 
found to be more economical to dist ri bute and use, and ac 
power systems g rad ual ly displaced dc power systems. Now, 
the industry faced a new problem. A unit of voltage and cur
rent measu rement was needed, whereby "1 1 0  vo lts" of ac would 
produce the same amount of heat, li ght, or power as "1 1 0  vol ts" 
of dc. What un it of ac measu rement provides this equivalence? 

Eq uivalence is real ized when ac is measured in terms of "ef
fective" values. In other words, the effective value of an ac 
current co rresponds to a dc value. A solderi ng gun wi l l  get j ust 
as hot when energ ized by 1 1 0 volts of dc as it wi l l  by 1 1 0 ef
fective volts of ac. Usually, we speak of an effecti ve value as 
an rms value. As noted in  Fi g. 1-4, the rms val ue is equal to 
0.707 the peak val ue. Vom's are cal ib rated to read ac voltage 
and cu rrent in terms of rms val ues. The in itials "rms" stand 
for " root mean square." Thus, we can com pi le the useful rela
tions of sine-wave voltages: 

PEAK-TO-PEAK VOLTAGE = 2 x PEAK VOLTAGE 
PEAK VOLTAG E = 1 / 2 x PEAK-TO-PEAK VOLTAG E 
RMS VO LTAG E = 0.707 x PEAK VOLTAGE 
PEAK VOLTAGE = 1 .41 4 x RMS VOLTAG E 
PEAK-TO-PEAK VOLTAG E = 2.83 x RMS VOLTAGE 

Furthe rmore, if you are using a dc scope, you need to know 
that when you apply a 1 .S-volt battery across the verti cal input 
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Fig. 1-6. Sine wave and square wave with the same peak-to-peak voltage. 

te rminals of the dc scope, the trace wi l l  move the same vertical 
height as when a 1 .5 peak-to-peak sine wave voltage is applied. 

The peak-to-peak vo ltages of the sine wave and sq uare wave 
in Fig. 1-6 are equal.  On the other hand, it is clear that the rms 
vo ltages 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 wil l be real ized by inspection of the square wave that 
its rms voltage is eq ual to its peak voltage. As a general rule, 
the rms value of a complex waveform cannot be determined by 
inspection.  Service procedu res requi re 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 Fi g. 1-7. In this situ
ation, a dc scope provides measu rement of the dc component 
level and of the peak-to-peak voltage of the ac component (sine 
wave in this example).  

As noted befo re, el ectronics technology is  becoming increas
ingly more advanced. We must keep up with these adva nces if 
we are to remain com petitive. Unless the ful l  capabilit ies of os
ci l losco pe use are clea rly understood, it wil l  become m uch 
more difficult in the future to properly service modern ci rcuitry. 

a-VOLT 
LEVEL 

Fig. 1-7. How an ac waveform with a dc component is displayed on the screen 
of a dc scope. 
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S E C T I O N  1 

Audio Tests 

and Measurements 

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

Equipment: Audio Osci l lator. 

Connections Required: Con nect audio osci l lator output cable 
to input te rminals of amplif ier. Connect power resistor of 
suitable value across ampl i fier output terminals. Connect os
ci l loscope "A" channel across ampl if ier input te rmi nals, and 
connect osci l loscope "B" channel across ampl ifier output 
terminals, as shown in Fig.  1-1 . 

Procedure: Advance output level from audio osci l lator to ob
tain maxi mum rated power output from the ampli fier. A ba
sic distortion test is made at a frequency of 1 kHz. Adjust 
channel A and B gain controls to obtai n patterns of equal 
height. Adjust the positi oning controls to superimpose the 
two waveforms. 

Evaluation of Results: I f  the two waveforms su perimpose per
fectly, the amp lifier is practically distort ionless. On the other 
hand, when there is a discrepancy between the two patterns, 
as shown in the diag ram, the ampl ifier is distort ing.  If the 
output pattern "writhes" when the audio oscillator is set to 
59 Hz or 119 Hz, hum voltage is present. 
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AUDIO 
GENERATOR 

AUDIO 
AMPLIFIER 

(A) Test connections. 

(8) 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 t ime 
bases for the vertical channels. The foregoing distortion test m ust 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 osci l lator. 

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

Procedure: Drive the ampl ifier to maxi mum rated power output 
at 1 kHz. Adjust channel A and. B gain controls to obtain pat
terns with the same height. Then switch the osc i l loscope fo r 
A-B display. 

Evaluation of Results: If a straight horizontal l ine is disp layed 
on the scope screen, the amplifier is practical ly d isto rtion-
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5 6 7 8 9 11 
4 12 

13 
3 

@ 14 
15 

2 (@) 16 
1�17 

24 23 22 21 20 19 18. 
1. POWER ON-OFF toggle switch. 1- VOL TS/DIV switch. Vertical atten-

Applies power to oscilloscope. uator. Coarse adjustment of vertical 
sensitivity. Vertical sensitivity is 2_ INTENSITY control. Adjusts bright- calibrated in 11 steps from 0.01 to 

ness of trace. 20 volts per division when VARI-
ABLE 8 is set to the CAL position. 3. Graticule. Provides calibration marks 

for voltage and time measurements. 8_ VARIABLE control. Vertical atten-
uator adjustment. Fine control of 4_ Pilot lamp. Lights when power is vertical sensitivity. In the extreme 

applied to oscilloscope. clockwise (CAL) position. the 
vertical attenuator is calibrated 5_ .� POSITION control. Rotation 

adjusts horizontal position of trace. 9_ AC vertical input selector switch. 

Push-pull switch selects 5X magnifi- When this button is pushed in the 

cation when pulled out; normal when dc component of the input signal 

pushed in . is eliminated. 

6_ .... POSITION control. Rotation • 
3adjusts vertical position of trace. 

Fig. 1-2. Basic controls of a 
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10. GND vertical input selector switch. 17. VAR/HOR GAIN control. Fine 
When this button is pushed in the sweep time adjustment (horizontal 
input signal path is opened and the gain adjustment when SWEEP 
vertical amplifier input is grounded. TIME/DIV switch 15 is in EXT 
This provides a zero·signal base line. position). In the extreme clockwise 
the position of which can be used as position (CAL) the sweep time is 
a reference when performing dc calibrated. 
measurements. 18. TRIG LEVEL control. Sync level 11. DC vertical input selecto,r switch. adjustment determines point on 
When this button is pushed in the ac waveform slope where sweep starts. 
and dc components of the input In fully counterclockwise (AUTO) 
signal are applied to vertical amplifier. position. sweep is automatically 

synchronized to the average level 12. V INPUT jack. Vertical input. of the waveform. 

13. f terminal. Chassis ground. 19. TRIGGERING SLOPE switch. 
Selects sync polarity (+). button 14. CAL SL jack. Provides calibrated pushed in. or (-). button out. 

0.8 V pop square wave output at the 
line frequency for calibration of the 20. TRIGGERING SOURCE switch. 
vertical amplifier. When the button is pushed in. INT. 

the waveform being observed is used 15. SWEEP TlME/DIV switch. Horizon- as the sync trigger. When the button 
tal coarse sweep time selector. is out. EXT. the signal applied to 
Selects calibrated sweep times of the EXT SYNC/HOR jack 16 is used 
0.5 p. SEC/DIV to 0.5 SEC/DIV in as the sync trigger. 
19 steps when VAR/HOR GAIN 
control 17 is set to CAL. Selects 21. TVV SYNC switch. When button is 
proper sweep time for television pushed in the scope syncs on the 
composite video waveforms in TVH vertical component of composite 
(television horizontal) and TVV video. 
(television vertical) positions. Dis-
ables internal sweep generator and 22. TVH SYNC switch. When button is 
displays external horizontal input in pushed in the scope syncs on the 
EXT position. horizontal component of composite 

video. 16. EXT SYNC/HOR jack. Input ter-
minal for external sync or external 23. NOR SYNC switch. When button is 
horizontal input. pushed in the scope syncs on a por-

tion of the input waveform. Normal 
mode of operation. 

24. FOCUS control. Adjusts sharpness 
of trace. 

Counesy B&K· Precision Products 01 Dynascan 
dual-trace oscilloscope. 
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(A) Input waveform. 

(e) A-B waveform. 
(D) Vertically expanded A-B 

waveform. 

Fig. 1-3. Difference waveform consists of distortion products. 

less. On the other hand, i f  any waveform is displayed, the 
ampl ifier is  distorti ng, as exemplified in  Fig. 1�3. 

NOTE 1-2 

Vertical Expansion of Distortion Pattern 

Small values of distortion are difficult to "see" unless the distortion 
waveform is expanded vertically on the scope screen. To do so, supple
ment the foregoing procedure by advancing the gain of both channels 
to maximum. Then, adjust the vernier gain control of one channel to 

Fig. 1-4. A modem oscilloscope that provides dual-channel displays and a 
choice of A - B or A + B patterns. 
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min imize the amplitude of the expanded pattern. Any residual waveform 
that cannot be cancelled by adjustment of the vernier gain control is a 
distortion waveform. 

NOTE 1-3 

Input/Output Phase Relations 

In the foregoing example, the amplifier input and output waveforms 
have the same phase reference. However, an ampl ifier is equally li kely 
to have an output waveform that is 180· out of phase with the input 
waveform. I n  such a case, check the distortion products by switching 
the osci l loscope for A+ B display. I n  other words, when -B is added 
to +A, the result is  the same as subtracting +8 from +A. 

1-3. To Check for Amplifier Distortion With Lissajous Patterns 

Equipment: Audio osci l lator. 

Connections Required: Connect output from audio osci l lato r to 
the in put of the ampl i fier  and to the horizontal-Input termi
nals of the osci l loscope. Connect a suitable power-type re
sistor ac ross the ampl if ier output term inals and to the ve rti
cal-input terminals of the osc i l loscope, as shown in Fi g. 1 -5. 

Procedure: Drive the audio ampl ifier to maxi mum rated out put 
at 1 kHz, and ad just scope co ntrols to display a di agonal l ine 
on the screen. 

Evaluation of Results: I f  the displayed diagonal line is preci sely 
strai ght, the ampl ifier is practically distortion less. On the 
other hand, a cu rved l ine indi cates the presence of amplitude 
d istort ion. 

NOTE 1-4 

Ampl ifier Test Frequencies 

I t is standard practice to make audio·amplifier tests at a frequency of 
kHz. However, more complete data can be obtained by repeating a test 

at a low frequency such as 20 Hz, and at a high frequency such as 20 
kHz. To measure the power output from an ampl ifier, use the formula: 

where, 
E is the rms output voltage, 

E' 
Watts = If 

R is the ohmic value of the resistor connected across the amplifier out
put terminals. 

The rms output voltage i s  equal to the peak-to-peak output voltage 
multiplied by 0.354 (scopes are generally cal ibrated to read peak-to-peak 
values). Note that the oscilloscope amplifiers should have better charac
teristics than the amplifier under test. On the other hand, the audio oscil-
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OSCILLOSCOPE 
RATED VALUE OF • LOAD R�SISTOR 

AUDIO RL I 
Ho-r-AMPLIFIER ro V 

,---- '\' 

I 
(A) Test setup. 

(8) Curved Lissajous line indicates 
amplifier nonlinearity. 

Fig. 1 -5. Distortion test. 

lator can have more distortion than the amplifier under test, and the Lis
sajous pattern will still be precisely straight if the amplifier is distortion
less. 

1-4. To Check Amplifier Phase Shift With Lissajous Patterns 

Equipment: Audio osci l lator. 

Connections Required: Connect output from audio osci l lator to 
in put of ampl ifier and to ho rizontal-i nput channel of osci l lo
scope. Connect output of ampl ifier to a su itable load resistor 
and to the vertical-i nput te rmi nals of the scope, as shown in  
F ig .  1 -6. 

Procedure: Operate generator  near the low-frequ ency cutoff 
pOint of the amp lif ier; adjust scope contro ls to obtai n a cen
tered Lissajous figu re, as exemplified in the diagram. Then 
tune generator near the hig h-frequency c utoff point of the 
ampl ifier, and observe the resulti ng Lissajous fig ure. 
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AUDIO 

GENERATOR 

OSCILLOSCOPE 

• 
AMPLIFIER n V 

f- G 

-

(A) Test setup. 

Note that if an inductive 
impedance causes the eI· 
lipse to lean to the lefI, . 
a capacitive impedance 
will cause the ellipse 
to lean· to the right. 

H o-
G 

I--

(8) Phase-angle shift is equal to arcsin MI N. 

Fig. 1 -6. Phase measurement of amptifier input/output relation. 

Evaluation of Results: The phase-shift angle is equal to the an
g ie  whose sine (arcsi n )  has the value MIN,  where M and N 
are the pattern excu rsions ind icated i n  the diagram. 

NOTE 1-5 

Phase Shift Versus Test Frequency 

An audio amplifier generally exhibits i ncreasing phase shift from input 
to output as the test frequency approaches a cutoff value (-3 dB 
point). The amplifier will normally have zero phase shift at midband. 
If the amplifier is completely dc coupled, it wi l l  normally have zero phase 
shift at low frequencies, and will not exhibit a low-freq uency cutoff point. 
Excessive phase shift at the band l imits can lead to positive feedback via 
negative feedback loop(s) , and thereby contribute to amplifier i nstabi l i ty. 
When excessive phase shift occurs, look for defective capacitors; a faulty 
transistor can also i ntroduce excessive phase shift. Note that this method 
of phase measurement assumes that the pattern is a true ellipse (that 
both of the input waveforms to the scope are pure sine waves). If wave
form distortion is present, the accuracy of phase measurement will be 
impaired. 

1-5. To Display Amplifier Distortion Products With a Conven
tional Scope 

Equipment: Audio osci l l ator and harmonic distortion meter. 

21 



AUDIO 
GENERATOR 

� AUDIO 
AMPLIFIER 

rrJ 
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Fig. 1·7. Display of amplifier distortion products with a conventional scope. 

Connections Required: Connect equipment as shown in F ig .  1-7. 
Procedure: Tune audio oscil lator for 1 -kHz output, and d rive 

ampl i fier to maximum rated power output. Tune harmonic 
distortion meter to reject the test freq uency. Adjust scope 
contro ls to di splay the distortion prod ucts from the ampl i fier 
on the crt screen. 

Evaluation of Results: The distortion pattern will show whether 
the distortion prod ucts consist chiefly of second-harmon ic or 
th i rd-h armonic,  60-Hz or  1 20-Hz hum, noise,  or sum-and
difference vol tages. I n  turn ,  the scope pattern provides help
ful c l ues concerning the nature of the fault that i s  causing an 
abnormal ly h igh percentage of distortion. Note that this test 
method requires that the audio oscillator output have less 
distortion than the amplifier under test. Otherwise, the distor
tion in the audio-oscillator waveform will be falsely charged 
to the amplifier under test. 

1-6. To Check an Amplifier for Music-Power Capability 

Equipment: Pulse gene rator. 

Connections Required: Con nect output of pu lse generator to in
put of ampl ifier. Con nect a load resistor of su itab le value 
across the ampl i fier  output terminals and to the vertical-i nput 
channel of an osci l loscope, as shown in  Fig. 1 -8. 

Procedure: Set the pulse gene rator for a pul se width of 1 mil l i
seco nd and a repetition rate of 100 pulses per second. Ad
vance the output from the generator unti l  the top of the dis
played pulse begins to show evi dence of til t. Then, bac k off 
s l ightly on the generator output ampl itude. 

Evaluation of Results: The music-power capabil ity of the ampli
f ier is equal to:  
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PULSE 
GENERATOR JL AUDIO 

AMPLIFIER 

(A) Test setup. 

(8) Undistorted output pulse. 

OSCILLOSCOPE 

(C) Distorted output pulse. 

"Fig. 1-8. Pulse test of hi-fi amplifier for determination of music-power 
capability. 

where, 
Ep is the peak voltage of the displayed pulse, 
RL is  the val ue of the load resistor. 

NOTE 1-6 

Basis of Music-Power Capability 

The music-power capability of an ampl ifier relates to its abi lity to re
produce sudden tonal surges or transient peaks that exceed the sine
wave (rms) capabi lity of the amplifier's power output. The music-power 
capability of an amplifier is  always greater than its rated power output 
value. The music-power value is  primarily dependent upon the amount 
of dc power that is stored in the filter-output capacitors. I n  other words, 
a h igh-ampl itude pulse demands a power surge that cannot be steadily 
mai ntained by the rectifier-filter system. 

1-7. To Check the Square-Wave Response of an Amplifier 

Equipment: Square-wave generator. 
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AMPLIFIER 
UNDER 
TEST 

ADJUST SWEEP SPEED 
FOR 1 CYCLE 

NOTE: Set tone controls for 
flat frequency response. 

Fig. 1-9. Test setup for square-wave response. 

Connections Required: Terminate amp lif ier i n  the rated load re
sistance and connect instru ments as shown in Fi g. 1-9. 

Procedure: Drive ampl ifier to maximum rated power output at 
1-kHz repetition rate. Note that the power output from the 
ampl if ier is equal to: 

where, 
Ep is  the peak voltage of the square wave, 
RL is the val ue of the load resistance. 

Observe the displayed waveform. 

Evaluation of Results: An amplifier normally displays a vi rtually 
undistorted square-wave response at 1 kHz. Some manufac
turers also rate thei r ampl if iers for square-wave distortion at 
20 Hz, and at 20 kHz. In typ ical deSig ns, more or less t i l t  be
comes evident at 20 Hz, and noticeable corner rounding ap
pears at 20 kHz. Signi ficant departure from rated square-wave 
response i nd i cates a component or device defect i n  the am
plifier network (Fig. 1-10). 
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NOTE 1-7 
Significance of a Ringing Frequency 

The ringing frequency in a reproduced square wave identifies the sec
tion or branch of an amplifier which has the highest Q value in the sys
tem, and which has Land C values that correspond to the ringing fre
quency. A circuit or section will ring if its associated resistance is 
sufficiently small that the configuration is underdamped. The ringing 
frequency in a reproduced square wave can be measured with a trig
gered-sweep scope. If the frequency-response curve of an amplifier has 
a hump or peak, a reproduced square wave will ring at the peak fre-



INPUT SQUARE WAVE PHASE IS LEADING AT 
LOW FREQUENCIES 

FUNDAMENTAL FREQUENCY 
ATTENUATED 

A COMBINATION OF 
LOW-FREQUENCY 

ATTENUAT ION AND LEADING 
PHASE SHIFT 

FUNDAMENTAL FREQUENCY 
BOOSTED 

AN EXAMPLE OF CORNER 
ROUND-OFF 

AN EXAMPLE OF DIAGONAL 
CORNER ROUNDING IN 

SQUARE WAVE 

COMBINATION OF EX
TENSIVE LOW-FREQUENCY 

ATTENUATION AND LEADING 
LOW-FREQUENCY PHASE 

SHIFT (DIFFERENTIATION) 

RINGING 
(WITH OVERSHOOT) 

OVERSHOOT 

COMBINATION OF EX
TENSIVE H IGH-FREQUENCY 

ATTENUATION AND LAGGING 
LOW-FREQUENCY PHASE 
SHIFT (lNTEGRATION)_ 

Fig. 1-10. Basic types of square-wave distortion. 
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quency. The extent of ringing depends on how pronounced the peak 
excursion may be. 

1�. To Check the Power Bandwidth of an Amplifier 

Equipment: Audio osci l lator and harmonic distortion meter. 

Connections Required: Connect output from audio osci l lator to 
i n put of amplif ier u nder test. Terminate ampl ifier i n  i ts rated 
value of load resistance, and connect harmo nic distortion me
ter across the load resistor. Connect osci l loscope at i nput of 
d istortion meter, as shown in Fig. 1 -1 1 .  

AUDIO 
OSCIUATOR 

OSCILLOSCOPE 

• 

AUDIO 
AMPLIFIER I--_�--, 

HARMONIC 
DISTORTION 

METER 

Fig. 1-1 1 .  Test setup for checking power bandwidth. 

Procedure: Set audio osci l lator to 1 kHz, and advance the i nput 
s ignal l evel to obtain maximum rated power output from the 
amplifier. Observe the percentage d istort ion reading i ndi
cated by the harmonic distortion meter. Then, reduce the 
output from the audio osci l lator  until the scope shows 84 per
cent of the out put voltage for maximum rated power output. 
(This corresponds to th ree-quarters of maxi mum rated power 
output.) Vary the audio-osci l lator frequency to determine the 
lower frequency and the upper frequency at which the am
pl i fier now develops the same val ue of harmonic distortion 
as i t  did at 1 kHz when operati ng at maxi mum rated power 
output. 

Evaluation of Results: The difference between the lower fre
quency and the upper f requency in the foregoi ng proced u re 
is  equal to the power bandwidth of the amplifier. 
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NOTE 1-8 

Fidelity Versus Bandwidth 

An amplifier generally has less distortion as its power output is de
creased. At any output level ,  the distortion wi l l  increase as the test fre
quency approaches the high-frequency or the low-frequency cutoff poi nt. 
This is just another way of saying that the h igh-fidelity bandwidth of an 
ampl ifier (power bandwidth) i ncreases as the power output is decreased. 
As noted above, the standard power-bandwidth rati ng of an ampl ifier is 
specified at three-quarters of maximum rated power output. Crossover 
distortion is basically different from overload distortion, in that when 
crossover distortion is present, the corresponding percentage of distor
tion will increase as the amplifier's power output is decreased. 

1-9. To Make a Stereo Separation Test 

Equipment: Stereo signal generator. 

Connections Required: Aoply output from stereo generato r to 
decoder  (or to input of fm receiver). Connect the vertical
input le ad from the osci l loscope to the Land R channel out
puts, i n  turn. 

Procedure: Apply R siqnal to decoder, and check the outputs 
from the L and R chan nels. Then apolv an L signal to the de
coder, and check the outputs from the L and R channels 
(Fig. 1-1 2). 

Evaluation of Results: Ideal ly, there would be zero output from 
the L channel when an R signal  is appl ied, and vice ve rsa. 
I n p ractice, separati on is never pe rfect. A sepa ration of 30 
dB (a voltage ratio of approximately 32 times) is typical of 
hig h-quality stereo equi pment. 

1-10. To Measure the Output Resistance of an Amplifier 

Equipment: Aud io osci l lator and two 8-oh m  power-type resis
tors. 

Connections Required: Connect the output from the audio os
ci l lator to the in put of the ampl i fier. Connect one 8-ohm re
sistor to the ampl i fie r output terminals, and connect the 
scope across the load resistor (Fig. 1-13 ) .  (The other 8-o hm 
resistor wi l l  be shunted across the load in the second part 
of the test). 

Procedure: Drive the amplifier to approxi mately half of its maxi
mum rated power output at 1 kHz, and note the peak-to-peak 
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AUDIO COMPOSITE 
SIGNAL OR RF OUTPUT 

OSCILLOSCOPE 

J!] I, 
I, 

I, LEFT " , CHANNEL r------, 
STEREO 

GENERATOR 
DECODER OR I STEREO I 

RECEIVER 
LEFT 

AUDIO AMP 
LEFT 

SPEAKER 
RIGHT 

CHANNEL 
(R TEST SIGNAL IS BEING APPLIED 
IN THIS EXAMPLE) 

RIGHT 
AUDIO AMP 

(A) Equipment connections. 

RIGHT 
SPEAKER 

MBB 
(8) Display of R (C) Ideal L channel (D) Display of 
channel output. output. incomplete separation. 

AUDIO 
GENERATOR 

Fig. 1-12. Stereo separation test. 

AMPLIFIER 

OSCILLOSCOPE 

• 

Fig. 1 -13. Measurement of amplifier output resistance. 

output voltage. Then connect the second a-ohm resistor in  
paral lel  with the first resistor, and again note the peak-to
peak output voltage. 

Evaluation of Results: Almost al l audio ampl ifiers can work i nto 
an a-ohm or a 4-o hm load . (A pai r of a-ohm resistors in paral
lel provides a 4-ohm load. )  Multi p ly the foregoing peak-to-
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pe�k voltages by 0.354 to obtain the rms output voltages. 
Then. if the rms voltage across the a-ohm load is El• and the 
rms vol tage across the 4-ohm load is  E2• and Ro is the ampl i
f ier output resistance, calcu late: 

R - 8(EJ - E2) h 
o - 2E2 _ El 

0 ms 

For example, if E J  = 6 V rms, and E2 = 5 V rms, then Ro = 2 
ohms . 

. _- ---T---:--r -
- - ��

- -

-
-

- - - l -
-

-
-

+ 1 414 VOLTS 707 OF PEAK 
1 VOLT (RMS) 

2.83 VOLTS I PEAK·TO·PEAK 

r ------- 0 • 
- 1.414 VOLTS t5 "" 

::; 
o :> 

REFERENCE 
LINE 

"
INSTANTANEOUS 

VOLTAGES 

----TIME ---+-

Fig. 1-14. Voltage values in a sine wave. 

NOTE 1-9 

Maximum Power Transfer 

Maximum power is transferred from an amplifier to a load when the 
load resistance is  equal to the amplifier's output resistance. On the other 
hand, h igh-fidelity speaker operation generally requires that the ampli
fier output resistance be 1 /4 (or less) of the speaker impedance. The ra
tio of speaker impedance to amplifier output impedance ( resistance) 
is cal led the damping factor of the system. Unless the speaker is ade
quately damped, its acoustic output wi l l  be distorted with respect to the 
audio output waveform from the amplifier. Although an ohm i s  based on 
rms voltage units, i t  is permissible to use peak-to-peak voltage values 
in calculation of Ro because the 0.707 conversion factor will automatically 
cancel out. 

1-1 1. To Measure the Input Resistance of an Amplifier 

Equipment: Audio osci l /ator and potentiometer with a range at 
least as high as the antici pated value of input resistance; 
load resistor; ohmmeter. 

29 



OSCILLOSCOPE 

• � I AUDIO 
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I I 
(A) Output voltage is measured at 1 kHz. 

OSCILLOSCOPE 

• 
AMPLIFIER AUOIO 

OSCILLATOR I------f 

(8) Potentiometer resistance inserted to reduce output voltage to one-half. 

Fig. 1 -15. Measurement of amplifier input resistance. 

Connections Required: With refe rence to Fig. 1-15, connect the 
output from the audio osc i l lator to the input of the ampl i fier. 
Connect the load resistor (typical ly rated at 10K) to the 
output of a preampl i fier, or a power-type load resistor (typi
cal ly rated at 8 ohms) to the output of a power ampl i fier. 
Connect scope ac ross the load resistor. I n  the second part 
of the test, connect the potentiometer in  series with the i nput 
to the amplifier. 

Procedure: Advance the output from the audio osc i l l ator to ob
tai n rated maxi mum power output from ampl i fier at 1 kHz. 
Then, insert the pote ntiometer and adjust its resistance to 
obtai n one-half the output voltage noted in  the fi rst part of 
the test. 

Evaluation of Results: Measu re the potentio meter resistance 
with an ohmmeter. The valu e  of potentiometer resistance 
equals the input resistance of the ampl i fier. 
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NOTE 1-10 

Audio Oscillator Output Resistance 

The foregoing test procedure assumes that the output resistance of 
the audio osci l lator can be disregarded with respect to the i nput resis
tance of the amplifier. In the majority of cases, this is permissible. How
ever, for a precise measurement, the output resistance of the audio osci l-



lator should be subtracted from the potentiometer resistance to calcu
late the amplifier input resistance. Thus: 

R ' n  = R - R. 
where, 

R'n is the amplifier input resistance, 
R is the potentiometer resistance measured by the ohmmeter, 
R. is the source (output) resistance of the audio oscil lator. 

1-12. To Measure the Output Resistance of a Generator 

Equipment: Potentiometer with in  the range of anticipated out
put resistance val ue;  ohmmeter. 

Connections Required: With reference to Fig. 1 -1 6, con nect the 
output term inals of the generato r to the i nput terminals of a 
scope. Then, connect the potentiometer across the output ter
minals of the generator. A 1 -kHz test frequency is used. 

Procedure: Note in itial outp ut-voltage readi ng. Then, note the 
red uced reading obtai ned when the potentiometer is con
nected to the output terminals of the generator. Adjust the 
potentiometer to obtai n one-half the i n it ial  output-voltage 
reading. 

Evaluation of Results: Remove the potentiometer and measure 
its resistance with an ohmmeter. The potentiometer resis
tance value is equal to the generator output resi stance. 

OSCILLOSCOPE 

• 
AUDIO 

GENERATOR 

(A) Open-circuit output voltage 
is measured. 

OSCILLOSCOPE 

• U R 1 AUDIO 
GENERATOR 0-

(8) Potentiometer is adjusted to 
reduce the initial reading to one-half. 

Fig. 1-16. Measurement of generator output resistance. 

1-13. To Check the Damping of a Speaker 

Equipment: Square-wave generator and 7S-ohm, 2-watt potenti
ometer. 

Connections Required: Connect output from square-wave gen
e rator to potentiometer. Connect output from potentiometer 
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to speaker and to the vertical-i nput channel of the scope 
(Fig. 1-17). 

Procedure: Ope rate speaker in an "open-air  location" or an
echoic room to avoid interference from echoes. Observe the 
pattern on the scope screen at various square-wave repeti-

ANECHOIC ROOM 
OR "OPEN AIR LOCATION" 

SQUARE WAVE 
GENERATOR 

//---...... " 
I '\ 

{ \ 
I SPEAKER \ 
\ J 
\ / 

" / 
'- ./ 

75 

TEST SETUP 

OVERSHOOT RINGING \ 

INADEQUATE DAMPING 

OSCILLOSCOPE 

• 

ADEQUATE DAMPING 

Fig. 1-17. Checking the optimum value of speaker damping resistance. 

tion rates, and with com paratively low val ues of resistance 
across the speaker terminals. 

Evaluation of Results: When the resistance shunting the speaker 
terminals is comparatively low, such as 1 or 2 oh ms, over
shoot and ri nging wi ll normally be min im ized. In practice, the 
damping resistance is often chosen to provide a small amount 
of overshoot. This corresponds to the most rapid feasible 
rise (attack). Note that the opti mum value of damping resis
tance determined in this test corresponds to the optimum 
value of output impedance for the amplifier with which the 
speaker is to be used. 
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NOTE 1-1 1  

Speaker Sound Output Waveform 

A speaker cone and cabinet arrangement acoustically couple the elec
trical energy in the voice coi l to the surrounding air. The sound wave 
produced in the air by a square-wave voltage applied to the voice coil 
usually shows appreciable distortion. To check the sound waveform, 
operate the speaker in an anechoic room with a good-quality micro
phone, such as a condenser microphone with a preamplifier (as in a 
sound-level meter). Feed the output from the microphone preamplifier 
into a scope to display the acoustic output waveform from the speaker. 

1-14. To Determine the Ringing Frequencies (Resonances) in 
a Listening Area 

Equipment: Audio osci l lator and good-q ual ity microphone. 

Connections Required: As depicted in  Fig .  1 -1 8, connect micro
phone to scope; connect audio osci l lator to L speaker for test, 
then to R speaker. (Use microphone pream pl i fier, if neces
sary.) 

L 
SPEAKER 

TO 
AUDIO 
OSC. 

MIC. 

T 
TO 

SCOPE 

LISTEN ING AREA 

R 
SPEAKER 

TO 
AUDIO 
OSC. 

Fig. 1 -18. Check of ringing frequencies (acoustic standing waves) in a 
listening area. 

Procedure: With the microphone p l aced in the p referred l isten
ing posit ion, vary the test frequency from the audio osci l lator 
from 20 Hz to 20 kHz and observe the sound level from the 
L speaker on the scope screen. Then repeat the test for the 
R speaker. 

Evaluation of Results: Eve ry room (except an anechoic room) 
wi l l  exh ib it standing waves (resonances) at various audio fre
quencies. I n  some types of rooms, these r inging freq uencies 
are very p rominent and i mpai r the fidel ity of sound reproduc-
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t ion. The frequency characteristic of a l isten ing area can be 
i mproved by insta l lation of drapes, curtai ns, and rugs i n  stra
tegi c areas. Speaker place ment has a marked effect on stand
ing-wave patterns; it is occasional ly advantageous to locate 
the speakers in the corners of the room.  As the test frequency 
is varied and a room resonance is approached, the amplitude 
of the waveform displayed on the scope screen increases rap
idly and then passes through a peak. The principal resonant 
frequency of a room corresponds to the frequency that pro
duces the greatest pattern amplitude. 



S E C T I O N  2 

Impedance Measurements 

2-1. To Measure the Impedance of a Speaker 

Equipment: Audio osci l lator, resistor. 

Connections Required: With reference to Fig. 2-1 , the speaker 
and resistor are connected in series across the push-pu l l  out
put termi nals of the audio osci l Iator. The voltage across the 
speaker is  fed to the sco pe's vertical channel ,  and the voltage 
across the resisto r is fed to the scope's horizontal channel .  

Procedure: Use a su itable value of resistance (such as 8 ohms) 
to obtain a Lissajous fig ure of conveni ent size. Observe the 
val ue of the maxi mum vertical deflection and the val ue of the 
maximum ho rizontal deflect ion on the cali brated screen. 

Evaluation of Results: The amount of vertical deflection indi
cates the peak-to-peak voltage appl ied across the speaker, 
and the amount of horizontal deflection indicates the peak
to-peak cu rrent fl owi ng through the speaker. The im pedance 
of the speaker is equal to the n u mber of volts divided by the 
nu mber of amperes. For exam ple, if there are 2 volts dropped 
across the resistor, there is 1 /4 ampere flowi ng;  and if there 
are 4 volts dropped across the speaker, the i mpedance of the 
speaker is  16 oh ms. 

NOTE 2-1 

Speaker Impedance Versus Frequency 

The impedance of a speaker changes when the frequency of test is 
changed. Speaker impedance is customarily measured at 1 kHz. As the 
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test frequency is increased, the impedance value ordinarily increases 
due to the fact that the voice coil is inductive, and ind uctive reactance 
i ncreases with frequency. The phase angle between voltage and current 
may be measured as explained in 1- 3. This phase angle also varies with 
changes in the test frequency. At one or more test frequencies, it  wi l l  be 

AUDIO 
OSCILLATOR 

GND 0 

NOTE: Terminals (I) and (2) 01 
the audio oscillator "float" 

SPEAKER 

with respect to ground. In other 
words, the Gnd terminal is nQJ 
returned to any point 01 the (lH2) 
circuit in this type of instru men!. 
The Gnd terminal is merely connect· 
ed to the metal case of the audio 
oscillator. 

VOL TAGE SIGNAL OSCILLOSCOPE 

• 

·--T------

PEAK-TO-PEAK 

_VO]GE _ _ _  L _  �E��RTROE�iAK , 
-l 

, 
, , 

PATTERN DISPLAY 

Fig. 2-1 .  Measurement of speaker impedance. 

observed that the speaker is purely resistive (pattern is a straight diag
onal line). When the speaker impedance becomes purely resistive, the 
reactance of the voice coi l is  being cancelled by the mechanical reac
tance of the vibrating cone assembly. 

2-2. To Measure the Input Impedance of a Transformer 

Equipment: Audio osci l lator, resistor, no rmal load for trans
former (such as a speaker). 

Connections Required: Same as in Fig .  2-1 . Audio osc i l lator 
drives the pri mary of the transformer u nder !est, with the 
speaker co nnected to the secondary of the transformer. (See 
Fig. 2-2.) 

Procedure: Same as i n  2-1 . 

Evaluation of Results: Same as in  2-1 . 
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AUOIO 
OSCILLATOR 

GNO o 

<: a r--t :» 
� 
en C) :z :» r-

• 
V H 

G 

.-____ ""\,T D=Cl SPEAKER 

NOTE: Select a value 
for R that provides 
convenient horizontal 
deflection. 

OSCILLOSCOPE 

Fig. 2-2. Measurement of input impedance of a transformer. 

NOTE 2-2 

Transformer Turns Ratio, Voltage Ratio, Current Ratio, 
and Impedance Ratio 

The turns ratio of a transformer is measured on open circuit (no load 
connected to the secondary) . An ac voltage is applied to the primary ; 
in turn, the ratio of primary voltaga to secondary voltage is equal to the 
turns ratio of the transformer. Observe that the primary power (V" I ,,) is 
equal to the secondary power (V. I , ) .  Thus, a step-down transformer with 
a 1 0-to-1 ratio, for example, will have a secondary voltage equal to 1 / 1 0  
of the primary voltage, and w i l l  have a secondary current equal t o  1 0  
times the primary current. A s  the secondary current demand i s  in
creased, the primary current drain also increases. The primary wi l l  draw 
a very smal l current when the secondary is open-circuited; this small 
current demand results from the facts that the primary reactance is not 
infinite, that the primary winding has resistance ( 12R loss),  and that the 
core of the transformer has a small power loss in its magnetic circuit. 
Note also that the primary/secondary impedance ratio of a transformer 
is equal to the square of its turns ratio. For example, a 10-to-1 trans
former wi l l  have a primar�'/secondary impedance ratio of 1 00-to-1 . 
Thus, if an 8-ohm speaker is connected to the secondary, the primary 
input impedance wi l l  be 800 ohms. Or, if a 4-ohm speaker is connected 
to the secondary, the primary input impedance wi l l  be 400 ohms. 

2-3. To Measure the Output Impedance of a Transformer 

Equipment: Audio osci l lator and two resistors. 

Connections Required: Connect the test setup as shown in Fig. 
2-3. 

Procedure: Same as in 2-2. 

Evaluation of Results: Same as i n  2-2. 
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I § s  IF 
value NOTE: Rs has a 

equal to the sou 
pedance of the 
driver. (Usually 
impedance of a 
amplifier). 

rce im· 
intended 
the output 
transistor 

R 

AUDIO 
OSCILLATOR 

L.l�GND 
1"2 

• 
V He-
G 

-

OSCILLOSCOPE 

NOTE: R has any value that 
provides ample horizontal 
deflection on the scope screen. 

Fig. 2-3. Measurement of output impedance of a transformer. 

NOTE 2-3 

Output Impedance and Maximum Power Transfer 

The output impedance of a transformer for coupling an amplifier to a 
speaker is of importance because maximum power is transferred when 
the sou rce impedance matches the load impedance. For example, sup
pose that the source (ampl ifier output) impedance is 1 600 ohms, and that 
the speaker impedance is 16 ohms. Then, maximum power will be trans
ferred to the speaker with  a 1 0-to-1 output transformer. In other words, 
the impedance ratio of a 1 0-to-1 transformer is  1 00 to 1, so that a 1 600-
ohm source will be transformed into 1 6  ohms (which matches a 1 6-ohm 
speaker) . In practice, output transformers are less than ideal-for exam
ple, an output transformer i ntroduces phase shift in its low-frequency 
and h igh-frequency cutoff regions. 

2-4. To Measure the Input Impedance Characteristic of a Cross
over Network 

Equipment: Audio osci l lator, and resistor. 

Connections Required: Refer to the diagram in Fig. 2-4; con nec
tions are the same as in 2-1 except that a tweeter speaker 
with a crossover capacitor C is i nc luded in the system. 

Procedure: Vary audio-osci l lator frequency through the range 
from 20 Hz to 20 kHz, and obse rve the extent of change i n  
impedance pattern on the scope screen. 

Evaluation of Results: When the value of the crossover capaci
tor C is  optim u m, a min imum change occu rs in the i m ped-
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RESISTIVE LEVEL CONTROL 
MAY BE INCLUDED IN 
SERIES WITH THE TWEETER. 

AUDIO 
OSCILLATOR 

GND 0 

TWEETER 

WOOFER 

• 
NOTE: A tweeter level con
trol affects the impedance 
characteristic of the cross
over circuit. A cone-type 
tweeter may employ a 50-
ohm 2-watt level control; 
a horn-type tweeter may 
use a 150-0hm 2-watt level 
control. 

L---�------�V H 
G 

OSCILLOSCOPE 

Fig. 2·4. Measurement of input impedance of a crossover network. 

ance value as the test frequency is varied through the audio
frequency range. 

NOTE 2-4 

Crossover Circuit Operation 

The simplest crossover circuit (which is sometimes adequate) is de
picted in Fig. 2-4. A tweeter is connected in series with a crossover ca-

AUDIO 
OSCILLATOR 

• 
y.---to V H 

G 
OSCILLOSCOPE 

TWEETER 

LEVEL CONTROL 
(IF USED) 

Fig. 2-5. Measurement 0' input impedance characteristic of an LC 
crossover network. 
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pacitor C, and the series arrangement is d riven in paral lel with the 
woofer. It is  apparent that at some frequency, the reactance of the c ross
over capacitor wi l l  be equal to the tweeter impedance. This is called the 
crossover frequency. The crossover frequency depends on the value of 
the crossover capacitor. As an i l l ustration ,  suppose that a 4-J-tF capaci
tor is used in series with an 8-ohm tweeter. Then, the crossover fre
quency wi l l  be 5 kHz, approximately. Or, if an 8-J-tF capacitor is used, 
the crossover frequency will be 2.5 kHz, approximately. At this c ross
over frequency, the tweeter consumes one-half of the power that it would 
consume with the crossover capacitor short-ci rcuited. The crossover ca
pacitor attenuates low audio frequencies, thereby preventi ng possible 
overload and damage to the tweeter. Although high audio frequencies 
enter the woofer, the overload potential is  not as g reat. Note that better 
crossover network characteristics can be obtained by i ncluding an i nduc
tor in series with the woofer (see 2-5). 

2-5. To Measure the Input Impedance Characteristic of an LC 
Crossover Network 

Equipment: Same as i n  2-4. 

Connections Required: Connect the equipment to display an i m
pedance pattern, as shown in  Fi g .  2-5. 

Procedure: Same as in 2-4. 

Evaluation of Results: When the values of the crossover capaci
tor C and the crossover ind uctor L are opti mum, a min imum 
change occurs in  the im pedance va lue as the test freq uency 
is varied through the aUdi o-freq uency range. 
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NOTE 2-5 
Impedance Relations of an LC Crossover Network 

An inductor has opposite reactance with respect to a capacitor. That 
is, as the frequency increases, inductive reactance i ncreases. A cross
over inductor may have a value of 0.25 mH;  i n  turn, it wi l l  have an im
pedance of 8 ohms at 5 kHz (crossover frequency). Or, if the crossover 
inductor has a value of 0.5 mH,  it wi l l  have an impedance of 8 ohms at 
2.5 kHz (crossover frequency). Observe that when 8-ohm speakers are 
used in the arrangement of Fig. 2-5, the net impedance is not 4 ohms, 
because the crossover i nductor L and the crossover capacitor C have 
different impedances at various frequencies. In normal operation, with 
correct values of L and  C, the input impedance characteristic is p racti
cal ly constant at 8 ohms over the audio-frequency range. At the cross
over frequency, the inductor has an impedance of 8 ohms, and the ca
pacitor has an impedance of 8 ohms; the network input impedance is 
8 ohms. At 0. 1 of the crossover frequency, the inductor has an imped
ance of 0.8 ohm, and the capacitor has an impedance of 80 ohms; the 
network input impedance is practically 8 ohms. At 1 0  times the crossover 
frequency, the inductor has an impedance of 80 ohms, and the capacitor 
has an impedance of 0.8 ohm; again, the network input impedance is 
practically 8 ohms. 



2-6. To Measure the Inductance of a Crossover Coil 

Equipment: Same as in 2-1 . 

Connections Required: Same as in  Fig.  2-1 (crossover coi l is 
con nected in place of the speaker). 

Procedure: Use a val ue for the resisto r that provides conve
nient horizontal deflection. Set the audio osci l lator precise ly 
to a su itable test freq uency, such as 1 kHz. Observe the cur
rent va lue  (resi stive voltage drop), and the inductive voltage 
d rop, as shown in the diagram of Fig. 2-6. 

Evaluation of Results: The inductance of the coi l  is equal to the 
rms inductive voltage drop, d ivided by the rms cu rrent, and 

-----,-------
IMPEDANCE 

VOLTAGE DROP 
(IZ) --- --1 ----.--\---+---'r----T - --

INDUCTIVE 
VOLTAGE DROP 

(lXd 

� - - - - - - - - - - - - - - - - �  
, L Rw '  RI 

: z : 
� - - - - - - - - - - - - - - - - �  
L I S  THE  INDUCTIVE COMPONENT 
OF IMPEDANCE Z 

PEAK VOLTAGES INDICATED 
IN PATTERN. RMS VOLTAGE 
IS EQUAL TO PEAK VOLTAGE 
TIMES 0.707 

, , 
HR1 -: , , 

Rw IS THE RESISTIVE COMPONENT 
OF IMPEDANCE Z , , RI IS THE EXTERNAL CURRENT
MEASURING RESISTOR 

Fig. 2-6. Voltage indications in a Lissajous figure for a coil. 

Fig. 2-7. Relations of resistance, in
ductance, and phase angle in coil in 

response to ac. 

L R � 
IMPEDANCE 

XL = 2". fL OHMS 
XL = Z SIN 8 OHMS 
VR = IR VR 
VXL = IXL 
Vz = IZ 
". = 3 . 14  

Vz 

CURRENT AND VOLTAGE IN RMS VALUES. 
9 = PHASE ANGLE BETWEEN VOLTAGE 
AND CURRENT. 
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divided fi nal ly by 27Tf, where f is the test frequency. The rms 
voltage is equal to 0.707 ti mes the peak voltage. Pi is equal 
to 3.1 4. 

NOTE 2-6 

Inductance, Resistance, Reactance, and Impedance 

When working with inductive impedance (R and L in series), it is help
ful to observe the relations of L, R, XL, Z, VR, Vx .. , and Vz, as shown in  
Fig. 2-7. When an ac voltage is applied across R and L i n  series, the 
resistor drops IR  volts, the i nductor drops IXL volts, and the impedance 
drops IZ volts. Thus, a coi l that has an inductance of 0.5 mH will have 
an inductive reactance of 3.14 ohms at 1 kHz. Its impedance depends 
upon its winding resistance, as depicted in the diagram. Observe that 
the peak IX" voltage drop is given i n  the Lissajous figure as shown in  
Fig. 2-6. The rms value of  the IXL voltage is  equal to  0.707 times the 
peak IXL voltage. 



S E C T I O N  3 

Television Tests 

and Measurements 

3-1. To Check the Video Signal for Distortion 

Equipment: Test-pattern generator. 

Connections Required: Connect output cable from generato r  to 
antenna-input term inals of tv receiver under test; con nect out
put from video ampl ifier (or picture detector) to scope, as 
shown i n  Fig. 3-1 . 

OSCILLOSCOPE 

• 
TV 

TEST PATTERN r---- RECEIVER 
GENERATOR r----

Fig. 3-1. Test setup for basic video signal distortion check. 

Procedure: Display the video signal at field rate and at frame 
rate, as shown in Figs. 3-2 and 3-3. 

Evaluation of Results: A stand ard test pattern contains p eak 
whites; in turn ,  the horizontal sync ti p should occupy 25 per
cent of the peak-to-peak signal excursion. If the sync t ip  oc
cupies more than 25 percent of the signal ampl itude, white 
compression and/or c l ipping is  occu rring. If the sync tip oc
cu pies less than 25 percent of the signal ampl itude, sync 
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SYNC NORMAL; VERTICAL-SYNC 
INTERVAL IS LEVEL WITH THE 
HORIZONTAL SYNC INTERVAL 

SYNC PUNCHING; VERTICAL-SYNC 
INTERVAL IS BELOW HORIZONTAL
SYNC LEVEL 

OPPOSITE DISTORTION FROM SYNC 
PUNCH ING; VERTICAL-SYNC 
INTERVAL IS ABOVE HORIZONTAL
SYNC LEVEL 

Fig. 3-2. Video signal at field rate. 

comp ressi on and /or cl ipping is occu rri ng. I n  a case where 
the ve rtical sync interval has less amplitude than the hori
zontal sync interval , sync punching is occu rri ng. On the other 
hand, i f  the vertical sync interval has greater amplitude than 
the horizontal sync interval ,  horizontal sync attenuation is 
occurri ng. Incorrect percentage of horizontal sync tip with 
respect to the signal amplitude resu lts from overload (often, 
incorrect b ias voltage) .  Sync punching or its opposite dis
tortion is caused by high-freq uency attenuation or by low
freq uency attenuation,  respectively. Note that when the sig
nal at the picture-detector output is normal, but is disto rted 
at the video-ampl ifier output, the trouble w i l l  be found i n  the 
video ampl ifier. 

3-2. To Check the Overall Signal Gain of a TV Receiver 

Equipment: Cal ibrated am generator. 

Connections Required: Connect output cable from generator to 
anten na-i nput terminals of tv receiver; con nect output from 
vi deo ampl ifier to osc i l loscope, as shown in Fig. 3-4. 
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SYNC TIPS OCCUpy MORE THAN 25 PERCENT OF THE SIGNAL 
AMPLITUDE; WH ITES AND LIGHT GRAYS ARE COMPRESSED 
(SYNC PUNCHING IS ALSO PRESENT) 

CLIPPED SYNC 

HORIZONTAL SYNC TIP IS PRACTICALLY ABSENT; EXAMPLE 
OF CLIPPED SYNC 

SYNC TIP LEVEL - - - - - -

BLACK LEVEL - - - - - -

Fig. 3-3. Video signal at field rate (above) and at frame rate (below). 

Procedure: Tune gene rator to pictu re-carrier freq uency of 
chosen channe l ,  with 1 50 microvolts output and 90 percent 
modulat ion. Display the demodulated signal enve lope on the 
scope sc reen (envelope frequency is usual ly 1 kHz). 

Evaluation of Results: A typical black-and-white tv receiver op
erati ng at maxi mum avai lable gain normally deve lops a 45-V 
p-p output i n  response to a signal input of 1 50 microvolts. 
Note that the output waveform should not have visible noise 
("fuzz") .  However, at lower in put signal levels, noise wi l l  be-
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come evident on the output waveform. Excessive noise is  
often caused by col lector j unction leakage in  a transistor. 

3-3. To Measure the Sensitivity of a TV Receiver 

Equipment: Cali brated signal generator. 

Connections Required: Same as in Fig.  3-4 except that the os
c i l loscope is con nected at the output of the picture detector. 

Procedure: Obse rve the peak-to-peak voltage of the noise out
put from the picture detector when the generator signal is 
zero. Then, advance the output from the generator unti l the 
combined noise voltage and signal voltage is  twi ce as g reat 
as previously noted for the noise voltage. 

Evaluation of Results: From a practical standpoint, the useful 
sensitivity of a tv receiver is given by the number of micro
volts signal i nput that is requi red to produce a pictu re
detector output (signal  p lus noise) which is double the value 
of the noise output in  the absence of signal .  

NOTE 3-1 

The Four Fundamental Waveforms 

The fou r  fundamental waveforms are depicted in Fig. 3-5. The sine 
wave, square wave, and exponential wave are basically different from 
the noise waveform because they have a repetitive cycl ic form, whereas 
a noise wave has a nonrepetitive �andom form. Sine, square, and expo
nential waveforms can be represented by simple algebraic equations, 
whereas a noise waveform must be described in terms of statistical 
functions. Although the peak-to-peak voltage of a sine wave, for exam
ple, can be precisely measured, the peak-to-peak voltage of a noise 
waveform can only be approximated because of its random character
istics. 

3-4. To Signal-Trace the IF Section of a TV Receiver 

Equipment: Demodu lato r probe; pattern generator wi l l  be help
fu l .  

Connections Required: Connect output from pattern generator 
(or a tv antenna) to the receiver; connect demodulator probe 
to vertical-i nput termi nals of osci l loscope. 

Procedure: Set receiver contro ls for normal operation. Apply 
demod u lator probe in  turn at the col lecto r of the fi rst i f  stage, 
at col lector of second if stage, and so on. Use high vertical 
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gain and substantial generator output when checki ng the fi rst 
i f  stage.  

Evaluation of Results: When a demodulator p robe such as de
picted in Fig .  3-6 is used, and the scope is ope rated at a 30-
Hz defl ection rate, a "stripped" vertical-sync pu lse wi l l  be 

(A) Sine wave is basic steady-state 
waveform. 

(8) Square wave is basic transient
state wave. 

� \. ----r-"- /" '\ ,/ 1'\./ V ......... / ........ / ......... 
/ 
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(e) Exponential wave is basic 
growth/decay wave. 

(0) Noise wave is basic 
random wave. 

Fig. 3-5. Four fundamental waveforms. 

d isplayed on the scope screen, if the signal  is present. Only 
a small residue of camera signal and horizontal sync pu lses 
w i l l  be reproduced when this type of demodulato r probe is 
used, because of its l i m ited demodulati ng capabi lity (Fig. 
3-7). The chief advantage of this probe design is  its com
paratively high i mpedance. However, the probe has a marked 
loading and detu n ing action, and its appl i cation is l i mited to 
determi ning whether if signal is present or absent. Therefore, 
other methods must be used to measu re stage gai n.  



ENVELOPE RECOVERED AT 
APPROXIMATEL Y 80 PERCENT 
OF INPUT AMPLITUDE 

lOOK �l 220K 
- - - - - -L- SZgPE 

IN34A GND 

GND ----+-----<>-----' 
PROBE RESPONSE: 
CARRIER FREQUENCIES FROM 
500 kHz TO 200 MHz ENVELOPE 
(MODULATING) FREQUENCIES 
FROM 30 Hz TO 5 kHz PROBE 
INPUT CAPACITANCE: 2.25 pF. 
APPROX. PROBE INPUT 
RESISTANCE (APPRO X.): 

AT 500 kHz ........................ 25 KILOHMS 
I MHz ........ . . . . . . ...... . .. 23 KILOHMS 
5 MHz ....................... 2 1  KILOHMS 

10 MHz ..... . . . . . . . . . . . . . . . . . . 18 KILOHMS 
50 MHz ....................... . I0 KILOHMS 

100 MHz ....................... 5 .0 KILOHMS 
1 50 MHz ....................... 4.5 KILOHMS 
200 MHz ................. ...... 2 5  KILOHMS 

MAXIMUM I NPUT VOLTAGE: 28 PEAK VOLTS 
WHEN USED IN VERY LOW LEVEL 
CIRCUIT TEST. A DEMODULATOR 
PROBE IS MORE EFFECTIVE IF A 
SMALL FORWARD BIAS (TYPICALLY 
0.1 VOLT). IS APPLIED TO THE 
SEMICONDUCTOR DIODE. 

Fig. 3-6. Standard demodulator probe configuration and characteristics. 

NOTE 3-2 
Simplest Type of Demodulator Probe 

The simplest demodulator probe consists of a single diode, as shown 
in Fig. 3-8. However, it is not entirely practical because its demodulat
ing capability is poor (the probe distorts a 50-Hz square-wave envelope 
substantially). Moreover, its application is  l imited to frequencies below 
10 MHz, due to its development of standing waves on the osci l loscope 
input cable. Standing waves result in serious attenuation of the signal 
at various frequencies for which the cable is paral lel-resonant. 

3-5. To Monitor the IF Section of an Intermittent Receiver 

Equipment: Demod ulator probe{s) and/or lo-C probe. 

Connections Required: With reference to the d iagram in Fig. 3-
9, connect a lo-C probe and a demodu lator probe to the in put 
terminals of a dual-trace osci l loscope. Connect the demodu
lator probe at the in put of the th i rd if stage, and connect the 
lo-C probe at the output of the picture detector. I f  two dual
trace scopes are avai lable, con nect demod ulator probes to 
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VERTICAL SYNC PULSE 

WAVEFORM REPRODUCED 
BY CONVENTIONAL 
OEMODULATOR PROBE 

(A) Horizontal sync pulses and 
equalizing pulses are removed. 

VERTICAL SYNC INTERVAL=1 882 J.ls 

189 J.ls 1189 J.lSi 504 J.ls 

\ 
ENVELOPE VARIATION DISPLAYED BY SCOPE 

(8) Waveform timing diagram. 

Fig. 3-7. Only the lower frequencies are reproduced by a conventional 
demodulator probe. 

the in put terminals of the second osci l loscope. Connect one 
of the demodulator p robes to the i nput of the second if  stage, 
and connect the othe r  demodu lator probe at the in put to the 
pictu re detector. 

Procedure: Tune in a station signal (or use a pattern generator), 
and adjust the receiver controls for normal operation. Adjust 
the osci l loscope(s) to display the si gnals at the monitored 
points. I f  the i ntermittent does not occur within a reasonable 
time, i t  can often be speeded up by tapp ing circuit boards, 
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DIODE COAXIAL CABLE 
PR
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(A) Circuit with negative-going output. 

DIODE 
P
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(8) Circuit with positive-going output. 

(C) Equivalent circuit. 

USED ON 
AC FUNCTION / ONLY 

-"-�I �I-----iH ! 1M 

: rOO PF _ .  

VERTICAL 
ATTENUATOR 

Fig. 3-8. Simplest demodulator probe design (series detection). 

devices, and components, by flexing leads, by heating and 
cool ing suspected parts, or  by varyi ng the l ine voltage. Some
ti mes the intermittent wi l l  occu r  if the receiver is switched on 
and off several ti mes in succession. 

Evaluation of Results: When the signal is suddenly b locked , or 
attenuated, this fact becomes evi dent on one or both chan
nels of the osci l loscope. It is helpful to use two d ual-trace 
scopes, because more signal poi nts can be monitored si mu l
taneously, thereby helping to pi npoint the intermittent. Moni
toring is the most practical approach to tracing intermittents, 
because transfer of a probe from point to pOi nt, as in ordi
nary signal tracing procedu res, causes transients which fre
quently trigger the i nte rmittent, thereby defeating the ana
lyti cal process. 

NOTE 3-3 
Medium Impedance Demodulator Probe 

A medium-impedance demodulator probe, such as depicted in Fig. 3-
1 0, is preferred by some technicians because it provides a reasonably 
good display of the horizontal sync pulse, as well as the vertical sync  
pulse. The  chief disadvantage of  the  medi um-impedance probe is  the 
i ncreased circuit loading that it imposes. When several probes are si
multaneously appl ied i n  the signal channel, loading may be a serious 
"side effect" unless an appropriate technique is used. Capacitive coupl i ng 
is helpful in reduction of loading; i nstead of applying a demodulator 
probe directly at a test point, one or more layers of masking tape can be 
inserted. Although the signal level is attenuated, sufficient pickup is 
obtained for practical testing at the higher-level points. 
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2ND 
IF 

DEMODULATOR 
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(A) A dual-trace scope monitoring the output of the second if stage and 
output of picture detector_ 

SEE NOTE SEE NOTE 
3-3 3-3 ,--__ --, 

DEMOD ULA TOR ----�!I::=:::::==___lt---- II 
PROBE 

• 
A 
B 

DUAL-TRACE 
OSCILLOSCOPE 

LOW-C 
PROBE 

• 
A 
B 

DUAL-TRACE 
OSCILLOSCOPE 

(8) Two dual-trace scopes monitoring four signal pOints in the if section_ 

Fig. 3-9. Dual-trace scopes can monitor two or more signal points 
simultaneously. 

3-6. To Measure the Gain of a TV IF Stage 

Equipment: An am signal generator, agc override d c  source. 

Connections Required: Connect scope to the pictu re-detector 
output via a lo-C probe, as shown in Fi g .  3-1 1 .  Connect a bias 
box between the agc l ine and ground. Apply output from the 
generator at the output, and then at the in put of the stage 
under test. 

Procedure: If the generator does not have a series output ca
pacitor, i nsert a capacitor as shown to avoid drain-off of bias 
voltage.  Set generator to center frequency of if channel ,  and 
use ampl itude-mod ulated output; 30 percent modulation is 
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HOR IZONTAL SYNC PULSE 

BLANKING PEDESTAL 

IF SIGNAL 
VOLTAGE 

1 .26 p.,s 

HORIZONTAL SYNC PULSE 
Fig. 3-10. A medium-impedance demodulator probe that can reproduce 

horizontal sync pulses. 

adequate. Adjust ove rride bias to normal age value, as speci
fied in  the receiver service data. As the generato r si gnal is 
transferred from the output to the input of a stage,  observe 
the change in  pattern height on the scope screen. Do not 
overload a stage-bac k off on the generato r output level ,  as 
req ui red. Overload is evi denced as compression or  c l ip ping 
(flat-topping) of the displayed sine wave. 

Evaluation of Results: The voltage gain of the stage is given by 
the ratio of pattern heights when the generato r  injection point 
is changed from the output to the in put of the stage. The gain 
of  an age-contro l led stage is not  fixed, but  wi l l  change in  ac
cordance with the val ue of override bias that is used. Note 
that unless the bias is c lamped by a de sou rce, the agc level 
w i l l  change as the signal-injection point is transferred , and 
the resu l t  wi l l  be in  appreciable error. 
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Fig. 3-1 1.  Gain of third H stage is measured by transferring signal-injection 
point from ( 1 )  to (2). 

NOTE 3-f 
Series and Shunt Detector Configurations 

Both series and shunt detector configurations are used in probes and 
in  signal detectors (Fig. 3-1 2) .  An occasional demodulator arrangement 

(Relatively low output impedance) 

(A) Series detector. 

pwr--H i 1 �v t SC
T�
G
PE 

GND -.,--+------(. 

(Relatively high output impedance) 

(8) Shunt detector. 

Fig. 3-1 2. Basic detector arrangements. 

uses combination series/shunt detection. The chief distinction between 
series and shunt detection is that the latter has comparatively high out
put impedance. Maximum signal power is transferred when the source 
impedance matches the load impedance. 

3-7. To Check the Overall RF/IF Response Curve in a TV Re
ceiver 

Equipment: Sweep-and-marker generator, resistive " isolat ing" 
. p robe, agc clamp voltage. 

C.onnections Required: Connect output from generator to an
tenna-i nput termi nals of receiver; connect bias box between 
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agc l ine and ground;  con nect scope to pictu re-detector load 
resisto r via resistive "isolati ng" probe, as shown in Fig. 3-1 3. 

AGC LINE 

TIAS 
BOX 

VIDEO 
DETECTOR 

SWEEP AND 
MARKER 
GENERATOR 

60 Hz 
TO SCOPE 

TO ANTENNA 
INPUT TERMINALS 

OSCILLOSCOPE 

• 
TO 60 Hz 

DETECTOR 
LOAD 

+0 __ �r---SWEEp·GENERATOR ... TERMINALS 
RESISTOR 10+-__ --' 

(A) Test connections for check of overall rtlif response curve. 

SOUND 
41 .25 MHz 

42.67 
MHz 

45.00 
MHz 

I 

85% 
+ 1 5% . - 10% 

-50% ± 5% 

PIX 
45.75 MHz 

AD) SND 
47.25 MHz 

(8) Standard response, showing vaffey tolerance. 

Fig. 3·13. Application of resistive "isolating" probe in sweep alignment. 

Procedure: Set generator for sweep-if and marker output; ob
serve any proced ural notes p rovided in  the receiver servi ce 
data; operate scope on 60-Hz sine-wave horizontal-defl ection 
vo ltage from sweep generato r;  adjust output level from gen
e rator to avoid ove rload and resu lting artificial flat-topping of 
displayed response curve. 

Evaluation of Results: Check displayed response curve agai nst 
specified curve in receiver service data. A standard overal l  
response curve is depicted in the accompanying diagram; 
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the bandwidth is 3.58 M Hz. B lack-and-white receivers may 
uti l ize somewhat less bandwidth. 

NOTE 3-5 
Injection of IF Sweep-and-Marker Signal 

In normal operation of a receiver, the rflif frequency response curve 
wi l l  have practically the same shape as the if response curve, si nce most 
of the gain and selectivity is developed by the if ampl ifier. To check the 
if response, the same test setup is used as above, except that the if 
sweep-and-marker signal is  i njected at the base of the mixer transistor, 
as shown in Fig. 3-14. Check the receiver service data for any special 
instructions; for example, d irections may be given for disabl i ng the local 
oscillator, for use of an emitter-injection point, or for a two-part proce
dure to check the if response. 

SWEEP/MARKER 
GENERATOR 

RF SWEEP 
OUT VOLTAGE 

TO 
'----- SCOPE 

TO IF 

Fig. 3-14. Standard signal-injection point for checking the 
if frequency response. 

3-8. To Check the RF Response Curve in a TV Receiver 

Equipment: Same as in Fig. 3-1 .  

Connections Required: Same as i n  Fi g. 3-1 ,  except that the 
scope takeoff poi nt is made at the mixer transistor (a "looker" 
point i n  the m ixer base return c i rcui t may be specified i n  the 
receiver service data). 

Procedure: Set generator  for vhf sweep-and-marker output; ob
serve any proced u ra l  notes that may be provided in the re
ceiver service data ; operate scope on 60-Hz sine-wave hori
zontal-deflection voltage from sweep generator. 

Evaluation of Results: As exempl i fied in Fig .  3-1 5, the freq uency 
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1 3  

Fig. 3-15. The rf response curves showing normal tolerances on 
the 12 vhf channels for a good-quality receiver. 
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response of each channel should be checked. Although suc
cessive channels wi l l  not have identical response curves, a 
reasonable tolerance includes both the picture carrier and 
the sound carrier  on top of the curve, absence of substantial 
sag, and absence of sharp and high pea ks. When the re
sponse curve cannot be contoured satisfactori ly by adjust
ment of the al ignment trimmers and sl ugs, it is i ndicated that 
t roubleshooting is requi red. Most shops prefer to send defec
t ive tuners to specia l ized repair depots. 

3-9. To Check the Video-Amplifier Frequency Response 

Equipment: Sweep-and-marker gener�tor, demodulator probe. 

Connections Required: Disconnect pictu re-detector diode from 
the last if coi l ,  and apply sweep-and-marker signal through 
the pictu re-detector d iode to the input of the video ampl ifier, 
as shown in Fig. 3-1 6. Connect scope via demodu lator probe 
to output of video ampl i fier. 

Procedure: Use if output from the sweep generator, and adj ust 
the marker frequency to obtai n a vi deo-freq uency response 
curve with zero frequency at the left-hand end of the base 
l ine,  as exempl ified be low. The 4.S-MHz trap d ip wi l l  normal ly  
be displayed toward the right-hand end of  the base l ine. Usu
a l ly, maxi mum output is req u i red from the gene rator, and the 
scope is operated at fai rly h igh gain. 

Evaluation of Results: Althoug h this basic method of testing 
does not provide markers on the video-am pl ifier freq uency
response curve, the 4.S-MHz trap d ip serves as a guide and 

(8) Typical video amplifier response curve. 

frequency response. 
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permits the tec hnician to determine whether the bandwidth 
is seriously su bnormal,  and if  there are abnormal peaks or 
suck-outs in the response curve. I f  an absorption-marker box 
is con nected i n  series with the "hot" lead of the demodu lator 
probe, "dip" markers wi l l  be displayed at specified frequ en
cies along the response curve. 

Alternate Method: If an elaborate sweep-and-marker genera
tor is used which pro vides a video-frequency sweep output, 
the test signal is then applied directly at the input of the video 
amplifier (not through the picture-detector diode) .  This type 
of sweep generator usually has built-in absorption-marker fa
cilities. 

NOTE 3-6 
Formation of Video-Frequency Test Signal 

When an if sweep-and-marker signal is used to check the video-ampli
fier frequency response, the if test signal is passed through the pictu re
detector diode i n  order to heterodyne the two frequencies and thereby 
develop a zero- to 5-MHz sweep signal. In other words, the video-fre
q uency test signal is the difference frequency between the if sweep and 
marker signals. Note that absorption markers are general ly preferred 
for marking a video-frequency response curve in order to avoid inter
harmonic beats with resulti ng spurious markers. 

3-10. To Check the Overall Picture-Channel Response With a 
VITS Signal 

Equipment: None. 

Connections Required: Connect osc i l loscope at output of vi deo 
ampl i fier (or at output of picture detector) via lo-C probe. 

Procedure: Tune in a colo r-tv station signal ,  and adjust re
ceiver controls for normal reception.  Adjust trigge red-sweep 
scope controls to disp lay the m u lti bu rst VITS signal.  Then, 
adj ust scope to display the next horizontal l ine with the si ne
squared pu lse. 

Evaluation of Results: As shown in  Fig .  3-1 7, the VITS mu lti burst 
signal is transmitted with un i form ampl itude from 0.5 MHz to 
4.2 MHz. After passage through the receiver ci rcu its, the 
b u rsts wi l l  become attenuated in accordance with the ove ral l 
f req uency response of the picture channel.  I n  turn, a helpful 
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FiElD 2 

SINE·SQUARED PULSE 
BE INTERCHANGED) 

NDOW PULSE 

-,
WHITE I 

EXPANDED 
SINE-SQUARED PULSE 

(A) First VITS scanning line. 

/ // J / j (8) Second VITS scanning line. 

NOTE: These waveforms are 
transmitted by color· TV 
stations on two lines of 
the vertical· retrace interval. 

(e) Distortion of multiburst signal. 

Cou rtesy Sencore, Inc. Fig. 3-17. Vertical-interval test signal (VITS). 

61 



qu ick-check is provi ded ;  if the probe is transferred to the 
pictu re-detector outp ut, a comparative evaluation of video
ampl if ier freq uency response is provided. Next, as shown in 
Fig. 3-1 8, the si ne-squared (T p u lse) waveform is t ransmitted 
without undershoot. After passage through the receiver ci r
cuits, the pulse wi l l  normal ly undershoot with one lead ing 
lobe and one trai l ing lobe. Addit ional lobes indi cate abnor
mal  freq uency response. Unsymmetrical leading and trai l ing 
u ndershoots ind icate nonl i near phase response. 

0.125 JJ.s 

ZERO AXIS--....-++----t-lh,.....---

ZERO AXIS---
0.125 JJ.s HAD 

FIRST 
LOBE 

LEADING 

FIRST 
LOBE 

TRAILING 
(A) Transmitted waveform with ha/f

amplitude duration (HAD.) of 
0. 125 JJ-s. 

(8) Normal reproduction of T pulse 
by receiver circuits. 

Fig. 3-18. T pulse waveforms. 

NOTE 3-7 
Sine-Squared Pulse and Picture Element 

The sine-squared pulse with a half-amplitude duration of 0 . 125 ILs (T 
pulse) is very i nformative in tv test procedures because the pulse is 
practically the same as one picture element. In other words, picture ele
ments will be distorted by the receiver circuits to the same extent that a 
T pulse is distorted. Note also that the scope used i n  this test should 
have better T-pulse response than a normally operati ng tv receiver. 

3-1 1.  To Make a Square-Wave Check of the Video Amplifier 

Equipment: Square-wave gene rator. 

Connections Required: As shown in Fig.  3-1 9 ,  connect the out
p ut from a square-wave generator to the i nput of the vi deo 
ampl i fier  (discon nect video-detector diode f rom in put of video 
ampl ifier). Con nect scope via lo-C probe at the output of the 
v ideo ampl i fier. 
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Procedure: Adj ust square-wave generator fo r an output of ap
proximately 1 V POp, at a repetition rate of 1 00 kHz. Set con
trast control of receiver to its normal operati ng position. 

Evaluation of Results: A reasonably u ndistorted 1 00-kHz square 
wave wi l l  be reproduced by a normally operati ng good-qual ity 
receiver. As exempl ified in Fig. 3-1 9B, video ampl ifiers are 

OSCILLOSCOPE 

VIDEO 
DETECTOR 

SQUARE·WAVE 
GENERATOR 

1411 X ----'---I 
DISCONNECT 

VIDEO 
AMPLIFIER 

(A) Test setup. 

(8) Norma/ 100-kHz square-wave 
response. 

LOW·C 
PROBE 

v 

• 

PICTURE 
TUBE 

Fig. 3-19. Checking square-wave response of a high-performance 
video amplifier. 

often designed to provide a smal l  amount of overshoot. This 
is  done to min imize the rise time of the wavefo rm, and also 
to provide accented edge transition ("crispening") of the 
i mage. Subnormal rise time and excessively rou nded corners 
i n  the reprod uced sq uare wave indi cate inadequate fre
quency response, often due to capacitor defects. 

NOTE 3-8 
Rise Time Versus CutoH Frequency 

Rise time is measured from the 1 0  percent point on the leading edge 
to the 90 percent point, as shown in Fig. 3-20. A triggered-sweep oscillo
scope must be used, and the vertical amplifier of the scope must have 
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Fig. 3-20. Measuring rise time. 
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greater bandwidth than the video amplifier under test. Note that the rise 
time of the reproduced square wave is  related to the frequency response 
of the video amplifier as follows: 

where, 
f.o is the amplifier's cutoff frequency, 
T, is the amplifier's rise ti me. 

For example, i f  a video amplifier has a 4-MHz cutoff frequency, its 
square-wave rise time wi l l  be 0.08 microsecond. 

3-12. To Signal-Trace a Sync-Buzz Pulse 

Equipment: None, although a pattern generator may be helpful .  

Connections Required: None. 

Procedure: With a lo-C probe, start signal tracing at the primary 
of the ratio-detector t ransfo rmer, and proceed back through 
the i ntercarrier-if ampl ifier  and the video ampl i fier. As shown 
in Fi g. 3-2 1 ,  a buzz pu lse often appears as downward modu
lation of the 4.S-MHz i ntercarrier signal by a stri pped vertical
sync pu lse. Ope rate the scope on 30-Hz sweep. 

Evaluation of Results: The source of a syn c-b uzz pulse is often 
in an overloaded vid eo-am pl if ier stage. In  such a case, the 
scope w i l l  d isplay a p u lse at the malfunctioning stage, but not 
at any p receding stage.  I n  marginal  situations, the buzz pulse 
w i l l  be most p romi nent when a wh ite-bac kground signal is  
p resent without any camera signal. Overload commonly re-
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OSCILLOSCOPE 

BUZZ 
PULSE� 4 5 MHz AMPLIFIER I 

RATIO DETECTOR 

AUDIO '-------+-- OUTPUT N.5.', +V. Fig. 3-21. Tracing a sync-buzz pulse. r 
suits from incorrect bias voltage, or  col lector leakage in  a 
transistor. 

NOTE 3-9 
Sync Buzz Versus Sweep Buzz 

Although less common, sync buzz can also arise in an if amplifier 
stage. Misalignment, in which the sound carrier rides too high on the 
frequency response curve, is the most probable cause. The i ntensity of 
the synz buzz is increased when non l i near ampl ification (overload) oc
curs. Sync buzz should not be confused with sweep buzz. If the vertica/
sweep pulse gains entry into the sound channel, 60-Hz sweep buzz will 
occur. Sweep buzz sounds similar to sync buzz. However, when the ver
tical-hold control is turned to roll the picture, sweep buzz will change in 
tone, whereas sync buzz will not change its tone. 

Note also that an intercarrier-if amplifier can be signal traced by using 
a service-type am generator as a signal source. Although the fm detec
tor and limiter reject amplitude modulation, a service-type am generator 
produces incidental frequency modulation, as depicted in Fig. 3-22. Inci
dental fm is generally greater at high percentages of amplitude modu
lation. 

3-13. To Check Sync Separator Action 

Equipment: None (un less a pattern generator is preferred as a 
signal sou rce). 

Connections Required: Connect osci l loscope via lo-C probe to 
output of d i fferentiati ng c i rcuit, and then to output of in teg rat-
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AMPLITUDE 
VARIES 

FREQUENCY 
VARIES 

Fig. 3-22. A 1 DO-percent amplitude-modulated output signal from an 
am generator, with incidental frequency modulation. 

ing ci rcuit, as exempl ified i n  Fig. 3-23. Connect output from 
pattern generator ( i f  used) to antenna-input terminals of re
ceiver. 

Procedure: Adjust receiver controls for normal operati on. 
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Evaluation of Results: The output waveform from the differenti
at ing circuit shou ld be simi lar  to that specified in  the receiver 
service data, and should have an ampl itude with in  ±20 per
cent of the specified val ue. I n  particular, the differentiator 
output should be practical ly free from resi dual came ra signal .  
The output waveform from the i ntegrator should have a shape 
si m i lar to that specified in  the service data, and an ampl itude 
within ±20 percent of the specified value. (Some receivers 
have a ± 1 0  percent ampl itude specification.) 

NOTE 3-10 
Bandwidth of Horizontal Sync Channel 

A horizontal sync channel should have a bandwidth of 1 35 kHz, from 
15 kHz to 1 50 kHz. This bandwidth provides maxi mum reduction of noise, 
without undue sync-pulse attenuation. Bandwidth is controlled by RC 
values in  the sync channel. A vertical sync channel normally has a lower 
frequency-response l imit of 50 Hz to ensure rejection of possible low
frequency interference. Sync-pulse tolerances of ± 1 0  percent and of 
±20 percent are indicated in Fig. 3-24. Observe that the sync-separator 
circuit has a cl ipping and l imiting action which tends to keep the output 
pulse amplitude constant as the input signal ampl itude varies. 

+ 10% 
, _ _  

,
�NOR MAL 

, ' / _- 10% 

ZERO LEVEL 

�+20% 
: - : NORMAL ' . '/- 20% 
I I 
I I 

7: 
_ J  1.. _ _  

Fig. 3-24. Sync pulse amplitude tolerances. 

3-14. To Check an AFC Section (Ringing Circuit Type) 

Equipment: None. 

Connections Required: Apply scope via lo-C probe at base of 
ho rizontal-osci l lator t ransistor. 

Procedure: Adj ust receiver controls for normal operation. 

Evaluation of Results: With reference to Fig. 3-25, observe the 
leading edge of the base waveform. In normal operation, the 
rise is rapid into the conduction reg ion of the transistor (near 
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Fig. 3-25. The afc section is a portion of the servo (feedback control system). 
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the peak of the waveform) . A slow approach to the conduc
tion region resu lts i n  poor noise immunity. Adj ust the hori
zontal stabi l izer coi l  to obtain the maxi mum rate of change 
as the leadi ng edge approac hes the peak of the base wave
form. 

NOTE 3-11 

Faulty Sync Locking Action 

The dc control voltage for a ringing-circuit afc arrangement is derived 
from a pair of afc diodes, as exemplified in the d iagram. These diodes 
operate in a balanced-bridge configuration, which is part of the afc servo 



system. Unless the diodes are closely matched, the bridge will operate 
i n  an unbal anced state, and horizontal locking action wil l  be impaired. 
Unstable sync lock also results from leaky capacitors in the afc section. 
Collector-ju nction leakage in  the phase-splitter transistor reduces the 
dynamic range of the control system and causes "touchy" sync locking 
action. 

3-15. To Check the Drive Waveform to the Horizontal-Output 
Stage 

Equipment: None. 

Connections Required: Apply scope via lo-C p robe at base of 
horizontal-output transistor, as shown in  Fig. 3-26. 

I 

RIO 
- I L8 V  

OSCILLOSCOPE 

I 
r - - -[!] 

I " - 12 . 1  V 

C88r ·002 

200 -280 rnA 

Fig. 3-26. Drive waveform must have normal amplitude and fast rise. 

Procedure: Observe amplitude of drive pu lse. Adjust hor izontal
drive contro l ,  if necessary, to obtain specified peak-to-peak 
vo ltage. Measure the rise time of the d rive pu lse. 

Evaluation of Results: In case that adequate d riving ampl itude 
cannot be obtai ned, check driver in put waveform ( Fig. 3-26). 
A subnormal driver in put waveform m ay resu lt  from a defect 
in the ho rizontal-osc i l lator ci rcuit, or from col lector juncti on 
leakage i n  the d river transistor. Note that although the drive 
waveform to the horizontal-output transistor has normal am
pl i tude, the output transistor wi l l  overheat u n less the d rive 
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wavefo rm has a sufficiently fast rise ti me-make a compari
son test with a receiver in  good worki ng cond it ion, i n  case 
of doubt. Slow rise ti me generally poi nts to capacitor defects. 

3-16. To Check the Operation of a Vertical Sweep System 

Equipment: None. 

Connections Required: Apply scope via lo-C p robe to the input 
and output terminals of the osci l lator, d river, and output ter
minals prog ressively. 

Procedure: Observe the pattern waveshapes and ampl itu des, 
with receiver controls adj usted for normal operation. 

Evaluation of Results: With refe rence to Fig.  3-27, the wave
shapes should agree reasonably wel l with those specified in  
the receiver service data, and the waveform ampl itudes 
should fal l  with in  ±20 pe rcent of the specified values. Note 
that nonl i nearity in this type of vertical-sweep system is often 
the result of fai l ing el ectrolytic capacitors. Because of stage 
interacti on, it is impracti cal to localize a marg inal electro
lytic capacito r on the basis of scope tests alone. 

3-1 7. To Check the Color Burst in the Complete Color Signal 

Equipment: None (unl ess a color-bar generator is preferred as 
a signal source). 

Connections Required: Con nect osci l loscope via lo-C probe to 
output of picture detector or  at a point in  the video ampl i fier 
prior to the color-subcarrier  trap. Connect output from color
bar generator ( if used) to antenna-i nput terminals of receiver. 

Procedure: A dual-trace scope is preferable ;  tr iggered sweep is 
necessary. With the comp lete color signal displ ayed on one 
channel ,  adjust ti me-base controls to display the color-b urst 
waveform on the other  chan nel ; advance vertical gain control  
for second channel to display the bu rst at conveni ent ampl i
tude. 

Evaluation of Results: As exempl ified in Fig.  3-28, the wave
shape of the co lor burst becomes clearly visib le at in
creased gai n on the second chan nel .  Although the bu rst is 
transmitted at the same ampl itude as the sync t ip,  the if re
sponse is normal ly 6 dB down at 3.58 M Hz, with the resu lt 
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Fig. 3-28. Display of the color burst from the complete color signal. 

that the bu rst undergoes attenuation to one-half the ampl i
tude of the sync ti p. In the case of an antenna signal ,  p ropa
gation anomalies and lack of flat freq uency characteristic in 
the antenna system may result in additional attenuation of 
the burst. If the color bu rst becomes excessively attenuated, 
the cOlor-sync secti on of the receiver can not operate nor
mal ly. 

NOTE 3-12 

Subcarrier-Sound Beat Waveform 

When a 920 kHz "ripple" occurs in the video signal pattern, as exem
plified in Fig. 3-29, it is i ndicated that the sound signal and the color 
subcarrier are heterodyni ng abnormally, causing a beat frequency to 
appear in the video waveform. A substantial 920-kHz beat will also be 
visible as an interference pattern on the pictu re-tube screen. A scope is 
helpful i n  this situation to signal trace the beat interference back to its 
source. In general ,  the 920-kHz beat will not be visible i f  the receiver 
is properly aligned, and if the color-subcarrier  trap is operating normally. 

NOTE 3-13 

Time Bases in Dual-Trace Oscil loscopes 

A dual-trace osci l loscope provides two vertical attenuators; one at
tenuator operates in the A channel and the other attenuator operates i n  
the  B channel. Service-type osci l loscopes generally provide one set of 
ti me-base controls; in other words, channels A and B are deflected by 
the same time base. A more elaborate design provides separate ti me 
bases, so that the channel A signal can be deflected at a d i fferent rate 
from the channel B signal. Provisions for delayed triggering of the 
channel-B time base may be i ncluded. With reference to Fig.  3-28 simUl
taneous display of the complete color signal and of the color burst from 
the complete color signal requi res separate time bases for the two ver
tical channels. 



920·kHz 
INTERFERENCE 

I 

HORIZONTAL -SYNC PULSE 

(4.5- 3.58 =.920 MHz) 

Fig. 3-29. Appearance of 920-kHz Interference in the video signal. 

3-18. To Check the Operation of the Color Burst Amplifier 

Equipment: None (un less a color-bar generator is preferred as 
a signal source). 

Connections Required: Connect the osci l loscope via lo-C 
probes at the i n put and at the output of the bu rst ampl ifier. 
Connect output from color-bar generator (if used) to antenna
i nput terminals of the receiver. 

Procedure: Adj ust vertical-gain controls for convenient pattern 
height on each channel .  Both channels are deflected from the 
same time base in this type of display. 

Evaluation of Results: As shown in Fig.  3-30, the color burst nor
mal ly fal ls on the top of the bu rst keying pu lse. If the bu rst 
fal ls on the side of the keying p u lse, it wi l l  become atten uated 
and distorted accordingly. Note that the position of the bu rst 
on the keyi ng pu lse wi l l  move when the adj ustment of the 
horizontal-hold control is varied. I n  case that the bu rst is in
correctly positioned when the horizontal-hold cont rol is cor
rect ly adjusted, it is most l ikely that a defect is present in  the 
bu rst keyi ng circuit .  Su bnormal ampli tude of the bu rst keying 
pu lse also pOi nts to a defective bu rst-keying ci rcuit .  
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Fig. 3-30. Display of the burst keying pulse with the color burst, and of 
the separated burst. 

NOTE 3-14 
Options in Dual-Trace Oscilloscope Functions 

As noted previously, a dual-channel osci l loscope may provide A+B 
and A-8 displays, to supplement conventional A and B displays. The 
more elaborate osci l loscopes may include a vertical delay line, trace 
alignment (trace-rotation) control, Z-axis modulation faci l ities, separate 
trigger controls for channel-A and channel-B time bases, and delayed 
time-base triggering. A choice of alternate or chopped display modes is 
often provi ded. I ntensification of the channel-A display is sometimes pro
vided by the delayed time base i n  order to identify the "window" i n  the 
channel-A signal which is being deflected by the channel-B time base. 
The chart in Fig. 3-31 exemplifies the chief options that are available. 

3-19. To Check the Operation of the Chroma Demodulators 

Equipment: Keyed-rainbow color-bar gene rato r. 

Connections Required: Connect output from generator to an
tenna-i nput termi nals of receiver. Connect osci l loscope via 
lo-C probe in turn to the outputs of the chroma demodu lators, 
as shown in  Fig.  3-32 . 

Procedure: Adj ust receiver for normal ope rati on;  adjust scope 
contro ls for convenient display of the demodulated waveform. 

Evaluation of Results: In an R-Y / 8 -Y /G-Y syste m ,  the R-Y 
wavefo rm norma l ly n u l ls on the sixth pulse; the 8-Y wave
form normal ly nu l ls on the th i rd and ninth pu lses; the G -Y 
wavefo rm normally nu l ls on the fi rst and seventh pu lses. Lack 
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Fig. 3-32. Phase checks of R - Y, B - Y, and G - Y  waveforms. 



of proper nu l ls  points to a defect in the color-subcarrier phas
i ng ci rcuitry. 

NOTE 3-15 
Types of Chroma Demodulator Arrangements 

Some color receivers use the X / Z  demodulator arrangement; others 
use the RG8 configuration. Chroma-demodulation nul ls for these designs 
are somewhat different from those for the R-Y / 8-Y /G-Y system. 
Refer to the receiver service data for the particular receiver. Note also 
that chroma-demodulation nulls are affected in some receivers by oper
ation of the automatic tint control. In such a case, the waveform nul ls 
should be checked with the tint control turned to the off position. In all 
receivers, the nul ls wi l l  shift i n  accordance with the setting of the man
ual tint control. Therefore, the tint control should be adjusted to produce 
correct nul ls in the R-Y waveform ; in turn,  correct nul ls will normally 
be found in the 8-Y and G-Y waveforms. 

3-20. To Display a Vectorgram 

Equipment: Keyed-rai nbow co lor-bar generato r. 

Connections Required: Connect output from gene rato r to an
tenna-in put terminals of receiver. Connect V and H channels 
of osc i l loscope via lo-C probes to the R-Y and 8-Y chroma 
output terminals of the receiver, as depicted in  Fig .  3-33. 

Procedure: Adjust receiver controls for normal ope rati on. Ad
just vertical and horizontal gain controls of scope for co nve
nient size of pattern. 

Evaluation of Results: As exemplified in  Fig .  3-33, the disp layed 
vecto rgram should approximate a c i rcle. When the tint con
trol is adjusted to make the fi rst "petal" fall at 30 deg rees, 
the thi rd petal normally fa l ls at 90 degrees, and the tenth 
petal normal ly fa l ls at 300 degrees. An inco rrect phase d is
play poi nts to a defect in the color-subcarrier phasing ci r
cui try. 

NOTE 3-16 
Distortion in Vectorgram Patterns 

A low-level vectorgram is obtained by connecting the osci l loscope at 
the outputs of the R-Y and 8-Y chroma demodulators. A high-level 
vectorgram is displayed by connecting the oscil loscope at the R-Y and 
8-Y inputs to the picture tube. If a high-level vectorgram is distorted 
by one or more "flats," it is i ndicated that a chroma output amplifier 
is  overloading (Fig.  3-34). This possibil ity is confirmed by a lOW-level 
vectorgram check. However, in case that the demodulator vectorgram 
is also distorted by one or more "flats," the trouble wil l  be found in the 

77 



KEYED 
RAINBOW 
GENERATOR 

COLOR BURST 

78 

COLOR TV 
CHASSIS 

ADJUST VERTICAL 
SIZE OF DISPLAY 

ADJUST HORIZONTAL 
SIZE OF DISPLAY 
AC 
EXT 

PICTURE TUBE 

Fig. 3-33. Display of an R - Y IB - Y vectorgram. 



"FLAT" IN PATTERN CLIPPED PEAK 
/ / 

'" / '\ 
1\ I \ 
1/ \ ) 

"" / � / ../ "'-./ 
\ � � � "'" \ 

V 

VV 
/v 

/ 

Fig. 3-34. Pattern becomes flattened when one of the input waveforms 
is clipped. 

demodulator c ircuitry. A demodulator diode is l ikely to be found defec
tive in this situation. 

3-21.  To Check the Bandpass-Amplifier Response Curve 

Equipment: Video-freq uency sweep and marker generator. 

Connections Required: Connect output from generator to input 
of band pass ampl ifier per receiver service data. Connect os
ci l loscope via demodu lator p robe at output of band pass am
p l ifier (or as may be specified in the service data) . 

Procedure: Sweep the band pass ampl i fier over a range from 2 
to 5 MHz;  observe any incidental i nstructions, such as pro
vision of override bias, that may be given in the service data. 

Evaluation of Results: The shape of the frequency response 
curve should ap proxi mate the spec ified display (the exem
p l ified curve shows a rising hig h-frequency response), and 
the markers should fa l l  at the specified pOi nts (Fig .  3-35). 
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Fig. 3-35. Typical bandpass-amplifier response curve, with absorption 
markers at 3.1 and 4.1 MHz. 

Absorption markers are often used to avoid possible spurious 
marker production. 

3-22. To Make a Video Sweep Modulation Check of a Color 
Receiver 

Equipment: VSM generator, or video sweep generator, ma rker 
generator, and absorpti on marker box. 

Connections Required: Connect equi pment as shown in Fig. 
3-36. 

Procedure: Tune marker generator to chosen pictu re-carrier 
freq uency; adjust video sweep generator for 0- to 5-MHz 
sweep;  adjust scope controls to display pattern as exem
pl ified in  Fig. 3-36B. Then, t ransfe r lo-C probe to output of 
video ampl i fier; final ly, transfer probe to output of bandpass 
amplifier. 

Evaluation of Results: Normal ly, the outl ine of the VSM pattern 
from the pictu re-detector output is basical ly the same as the 
if  response of the receiver. The outl ine of the VSM pattern 
from the vi deo-ampl i fier output ( in  many receivers) is nor
mal ly flat-topped through 3.58 MHz (check the receiver ser
vice data). The outl i ne  of the VSM pattern from the band pass
ampl if ier output is normally flat-topped from 3.0 to 4.1  MHz 
i n  most receivers. 
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NOTE 3-17 

Basic VSM Test Data 

VSM patterns may be displayed with use of a lo-C probe, as in Fig. 
3-36, or with use of a demodu lator probe. When a demodulator probe 
is used, demodulated response curves are displayed, as shown in Fig. 
3-37. In this example, the frequency response at the output of a chroma 
demodulator is i ncluded. Note that a chroma demodulator normally has 
a bandwidth of 1 MHz. The basic advantage of a VSM test is that i t  shows 
how the picture-channel stages operate together as a team. Normally, 
the end result is to obtain a reasonably uniform frequency response from 
3.0 to 4.1 MHz in each of the chroma demodulators. 

3-23. To Make a Ringing Test of a Quartz Crystal 

Equipment: Pu lse generator and lab-type signal generator. 

Connections Required: As depicted in Fig. 3-38, conn ect output 
from pulse generato r to external-mod ulation terminals of sig
nal  gene rator. Connect quartz c rystal i n  series between the 
output from the signal generator and the vertical-i nput chan
nel  of the scope. 

Procedure: Tune the signal generator precisely to 3.58 MHz; 
modulate the generator output with a 2 JLs pu lse. Thereby, the 
c rystal is tested with a simulated color bu rst. Pulse generato r 
repetition rate should be 1 5.75 kHz, or less. Observe the re
su lting d isp lay. 

Evaluation of Results: As exempl i fied in the i l l ustrati on,  a nor
mal crystal ri nging pattern is almost constant in  ampl i tude; 
i t  decays very s lowly, because the crystal has a Q value of 
approxi mately 8000. If the pattern shows SUbstantial decay 
over a 60 f.Ls interval ,  the crystal is defective and should be 
rep laced. Note that the top of the ri nging pattern is s l ightly 
"wavy," due to the fact that the pr incipal mode of vibration 
is accompanied by residual minor modes of vi bration. 

3-24. To Measure the Characteristic Impedance of a Lead-In 

Equipment: Vhf sweep generator, assortment of composition re
sistors. 

Connections Required: As shown in Fig. 3-39, connect output 
f rom sweep generator to one end of a sam ple length of the 
lead-in (such as a 3-foot length). Connect a resisto r  of suit
able value, such as 300 ohms, across the other end of the 
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(A) Equipment connections. 

1 .5  MHz 

(8) Representative scope pattern at picture detector output. 

Fig. 3-36. Typical video-sweep 

l i ne. Connect scope vi a double-ended demodu lator p robe 
across the resistor. 

Procedure: Set vhf sweep gene rator to any channel from 2 to 
1 3, with a 1 0-MHz sweep width. Observe pattern on scope 
screen, usi ng 60-Hz sine-wave horizontal deflect ion. 

Evaluation of Results: A flat-topped pattern indicates that the 
l ine is co rrectly termi nated . The val ue of the terminating re
sistor wi l l  then be equal to the characte ristic im pedance of 
the l ine .  However, if the top of the pattern slopes or  is un
even, the va lue of the terminati ng resistor i s  not equal to the 
characteristi c impedance of the l ine. Substitute other val ues 
of resistors unt i l  a flat-topped pattern is obtained. 
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modulation test setup. 

NOTE 3-18 

Check of Sweep-Generator Output Signal 

Most sweep generators have a virtual ly flat output over any vhf chan
nel. However, if a defect develops in the generator, its output may not 
be flat. To check this possibil ity, connect the output from the sweep 
generator di rectly to the i nput of the demodulator probe shown in Fig. 3-
39. A flat-topped pattern should be displayed; if not, the sweep genera
tor is in need of service. Note that two representative double-ended de
modulator probe circuits are shown in Fig. 3-39. Either configuration is  
su itable. Most vhf  sweep generators have double-ended (push-pul l )  out
put. In other words, both of the generator output leads operate above 
ground. 
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(A) Output of video detector. (8) Output of bandpass amplifier. 

(e) Output of chroma demodulator. 

Fig. 3-37. Examples of demodulated VSM frequency response curves. 

3-25. To Check the Input Impedance of a TV Tuner 

Equipment: Vhf sweep generato r, sample length of lead-i n of 
the type normal ly used with the tuner. 

Connections Required: With refe rence to Fig .  3-40, connect one 
end of a section of lead-in to the input terminals of the tu ner. 
Connect the other end of the lead-in section to the output 
of a vhf sweep gene rator, and also to the in put terminals of 
a double-ended demodulator probe. 

Procedure: Adjust the tuner for normal ope ration, and operate 
the sweep generato r on the same channel as the tuner. Use 
approxi mately 6 MHz deviation (sweep width). 

Evaluation of Results: I f  the i nput impedance of the tv tuner is 
the same as the cha racteristic i m pedance of the lead-i n, a 
flat-topped pattern wi l l  be displayed, as shown i n  Fi g. 3-39. 
Impedance mismatch shows up as a slope or other i rregu
larity in  the top of the pattern. Each of the tuner channels 
should be checked in the same manner. 
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(8) 3.58-MHz ringing pattern (Q=8000 approximately) . 

Fig. 3-38. Pulse ringing test of color subcarrier oscillator crystal. 

NOTE 3-19 

Measurement of Tuner Input Impedance 

In case that a tv tuner is mismatched on one or more channels with 
respect to its rated val ue of impedance, it is possible to measure the 
tuner impedance by a follow-up test procedure. With reference to the 
diagram in  Fig. 3-40, the amount of slope and/or curvature i n  the scope 
pattern is noted ; this pattern will then be dupl icated. To do so, discon
nect the tuner, and substitute various values of resistance. Thereby, the 
mismatch pattern can either be matched or approximated. If approxi
mated, a precise match can be obtained by using various values of small 
capacitances and/or various smal l inductance values in series with re
sistance. Sometimes, a small val ue of capacitance wil l  be needed in 
sh unt to the resistance. Final ly, the actual impedance of the tuner i nput 
can be accurately determined. 

3-26. To Check the Impedance of an Antenna 

Equipment: Vhf sweep generato r. 
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Fig. 3-39. Measurement of lead-in (transmission line) characteristic 
impedance. 

Connections Required: Connect output f rom vhf sweep gener
ator to lead-i n ,  and a lso con nect the lead-i n to a double
ended demodu lator p robe, as shown i n  Fig. 3-41 . 

Procedure: Set sweep generator for 1 0-MHz deviation (sweep 
width) and observe the scope patterns as the generator out-
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Fig. 3-41. Check of antenna impedance. 

put frequency is switched progressively from channel 2 
through 1 3. 

Evaluation of Results: If the antenna impedance is the same as 
the characteristic  im pedance of the lead- in ,  a fl at-topped 
pattern wi l l  be d isplayed, as shown in Fig. 3-39. Impedance 
mismatc hes show up as uph i l l  or downhi l l  slopes and/or 
cu rvatu res i n  the tops of the patterns. 

NOTE 3-20 
Test of Coaxial Cable Installation 

Although 300-ohm twin  lead is the most wi dely used type of tv trans
mission l ine,  some i nstallations employ 7S-oh m  coaxial cable. The fore
going tests can be easily made in coaxial cable systems. However, since 
there is only one "hot" conductor in  a cable ci rcuit, a single-ended 
(conventional) demodulator probe is uti l ized. Note that single-ended vhf 
output is al so used in the generator connections in this case; i f  a single-
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ended vhf output cable is not provided, one-half of the double-ended 
output cable may be used. In other words, the coaxial  cable under test 
is driven from one of the "hot" output leads, and the shield of the co
axial cable is returned to the ground lead of the generator output cable. 
Note also that the foregoing tests are val id, whether the generator output 
cable matches or mismatches the twin lead or the coaxial cable un
der test. 

3-27. To Make a Sweep Frequency Check of a CATV System 

Equipment: Vhf sweep generato r, terminating resistor for a catv 
outlet. 

Connections Required: With reference to Fig. 3-42, connect the 
output of the sweep generato r to the input of a chosen chan
nel ampl i fier.  Connect a suitable termi nati ng resi stor across 
the te rmi nals of a chosen catv outlet. Connect a scope via a 
single-ended demodu lator probe ac ross the term inating re
sistor. 

Procedure: Adjust the sweep generato r to the center f requency 
of the channel under test, and use approxi mately 1 0-MHz 
sweep width . Observe the result ing patte rn on the scope 
screen. 

Evaluation of Results: I n  normal operation,  a flat-topped pattern 
w i l l  be displayed, as was depicted in Fig. 3-39. Otherwise, a 
frequency compensato r in  an associated ampl i fier o r  l ine ex
tender is in need of adjustment. These are cal led t i l t  controls, 
or compensators. (If the top of the pattern slopes uph i l l  or 
downhi l l ,  it is  said to be ti lted .)  It is good practice to make an 
initial test at the most remote catv outlet. A flat response at 
this point verifies that the main portion of the system is oper
ating properly. However, a comprehensive checkout requires 
that an outlet along each feeder from a bridger, line extender, 
or distribution amplifier be checked for frequency response. 

NOTE 3-21 
Application of Wide-Band Sweep Generator 

To speed up sweep-frequency checks of catv systems, a wide-band 
sweep generator may be used which sweep all 12 of the vhf channels. 
Simi larly, wide-band generators that sweep channels 14 through 83 si
multaneously may be used. Matv i nstallations can also be checked with 
either conventional or with wide-band sweep generators. Note that low
level systems may requ i re demodulator probes with suitable preamps. 

3-28. To Measure the Distance to a Short or an Open in a Cable 

Equipment: Pulse generator. 
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Connections Required: Connect output from pu lse generator to 
input end of cable. Also connect i nput end of cable to verti
cal channel of scope, as shown in Fig. 3-43. 

Procedure: Drive the cable with a comparatively narrow pu lse, 
and observe the relative position of the reflected pu lse in the 
scope patte rn. 

Evaluation of Results: A reflected pu lse that has the same po
larity as the in iti al pu lse i ndicates that the cable is open
ci rcuited at its far end.  On the other  hand, a reflected pulse 
that has opposite pol arity from the i n it ial pu lse ind icates that 
the cable is short-circuited at its far end. The e lapsed time 
from the peak of the in itial pu lse to the peak of the reflected 
pu lse is proportional to the d istance from the generator to 
the cable defect. For example,  suppose that the reflected 
pulse has opposite polarity to the in it ial  pu lse, and arrives 
after an elapsed t ime of 5.36 I1-s. This means that the cable 
is shorted at a d istance corresponding to 2.1 8 I1-s (one-half 
the total travel t ime) . I f  an air-die lectric cable were uti l ized, 
this would correspond to a distance of one-half mi le  (a p ulse 

PULSE 
GENERATOR 

IN ITIAL PULSE REFLECTED PULSE 

OPEN CABLE 

OSCillOSCOPE 

• 

COAX CABLE \ I ==--============================�� FAULT 
I \ 

IN ITIAL PULSE REFLECTED PULSE 

SHORTED CABLE 
Fig. 3-43. Measurement of distance to a cable fault. 
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travel rate of 328 yards/ /1-s) .  If a solid-dielectric cable is uti
l ized, the pu lse travel rate wi l l  be slower;  thus, if the rated 
velocity constant of the cable is 0.8, the d istance to the short
ci rcuit wi l l  be 0.5/0.8 = 0.625 mile (5/8 mi le). 

3-29. To Check the Operation of a Delay Line 

Equipment: Pulse generator. 

Connections Required: Connect output from pu lse generato r to 
i nput of de lay l i ne .  Connect A channel of dual-trace scope 
to the i nput of the delay l ine.  Connect B channel of scope 
to output of delay l i ne, as shown in Fig. 3-44. 

PULSE 
GENERATOR 

OSCILLOSCOPE 

• 1 ) DELAY LINE L ro VA VB 
G 

~ , , , , 
DELAY , 
TIME � B 

, , , 
Fig. 3-44. Checking delay line action. 

Procedure: Observe the displacement of the o utput p u lse with 
respect to the input pu lse. 

Evaluation of Results: The displacement of the output pu lse is 
proportional to the delay ti me. For examp le, if the sweep 
speed is 1 cm/ }Ls, and the pu lse disp lacement is  0.9 em, the 
co rresponding delay t ime is  0.9 /1-s. Note that pu lse de lay 
is always referenced to the 50 percent of maxi mum ampli
tude on the in put pu lse, and to the 50 percent of maxi mum 
amp litude on the  output pulse. Th is  method avoids possible 
confusion or error resu lting from pulse rise ti mes, and eli mi
nates co rneri ng characteristics from the calculation. 
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SQUARE·WAVE 
OR PULSE 

GENERATOR 

60 

(A) Test setup. 

BAD DEFLECTION YOKE 

GOOD DEFLECTION YOKE 

(8) Testing a yoke. 

EXPONENTIAL 
ENVELOPE 

- /  
I �� r 40
= �� �� �� �� t + H . t � lf� tl- t� ;t 4t� + 20 
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(C) Calculating approximate Q value. 

Fig. 3-45. Ringing test for yoke or other inductor. 



NOTE 3-22 

Rise Time of Pulses on Lines 

Pulses displayed i n  checking the operation of a delay l ine do not have 
zero rise time. In other words, the leading edges of the i nput and output 
pulses tend to slope. The output pulse may display somewhat more slope 
than the i nput pulse.  In  any case, precise measurement of delay time i s  
made by observing the elapsed t ime from the 50 percent point o n  the 
leading edge of the i nput pulse to the 50 percent point on the leading 
edge of the output pulse. 

3-30. To Make a Ringing Test of a Yoke (or Other Inductor) 

Equipment: Square-wave or pulse generator that provides fast 
rise. 

Connections Required: Connect eq ui pment as shown in Fig. 
3-45. (Use small capacitor i nstead of g immick for a large 
coi l . )  

Procedure: Display the r inging waveform as i l lustrated. 

t 
Q 

10 
9 
8 
7 
6 
5 

1 
o 

100 
90 

GIVEN: A DAMPED WAVE. WHERE "A" AND "B" ARE �8 THE AMPLITUDES OF SUCCESSIVE PEAKS. 
CAll A 100"10 

FIND: Q = !lL 
lOG A 

./ /V 
I 

10 20 

B 

,/ 

30 

./ ./ 

40 50 60 
B,"Io OF A 

� A ' 

II 
/ 

I 

I I 

60 
50 
40 t 30 Q 
20 

10 

70 80 90 100 

Fig. 3-46. Chart of Q values for a ringing system in terms of successive 
peak amplitudes. 

93 



Evaluation of Results: I n  the case of a yoke or  fly back trans
former, a comparative test is made; the pattern for a sus
pected yoke is compared with the pattern for a known good 
yo ke. In other appl ications, the Q value of a coi l is deter
mi ned from i ts r inging pattern. Count the nu mber of peaks 
(cyc les) in the patte rn from its 1 00 percent to its 37 percent 
ampl itude point. Mu lt iply this number of cycles by pi (3. 14 ) ;  
th is  gives the approxi mate Q val ue of  the coi l at its natu ral 
resonant freq uency. The r inging frequency is equal to the 
coi l 's natural resonant frequency, and is easi ly measu rable 
with the ca l ibrated ti me base in  the scope. This natural reso
nant freq uency resu lts from the inductance and the distri b
uted capacitance of the coi l .  
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NOTE 3-23 

Precise Measurement of Q Value 

When it is desired to measure the a value of a coi l precisely, refer
ence may be made to the chart in Fig. 3-46. It is based on the rate of 
decay of a r inging waveform. For example, suppose that each peak i n  a 
ri nging waveform has 1 0  percent less amplitude than the preceding peak. 
In such a case, the chart shows that the a value of the coi l is 30. By way 
of comparison, the approximate method gives a value of 3 1 .4 for a in 
this example; thus, the approximate method is in error by less than 
5 percent. 



S E C T I O N  4 

Digital Logic Tests 

4-1. To Check the Operation of an AND Gate 

Equipment: Pu lse generato r or square-wave generator, battery. 

Connections Required: Connect scope at output of AND gate. 
Connect output from generator in turn to each of the inputs 
of the AND gate. Final ly, connect the output from the gener
ato r to a l l  of the in puts of the AND gate. Use rated Vee sup
ply voltage. 

Procedure: Apply a suitable output level from the generator, 
such as 2.5 volts peak. Observe the scope sc reen as the fo re
going test con nections are made. (See di ag ram in Fig. 4-1 .) 

Evaluation of Results: An output pulse shou ld be displayed on 
the scope screen only when the gene rator is connected to all 
of the AND gate inputs. Otherwise, the gate is defective and 
should be replaced. ( I n  a noisy environment, a gate may ap
pear to be defective, although it is actual ly normal, un less 
the un used gate inputs are g rounded to "k i l l "  noi se-voltage 
p ickup.) 

NOTE 4-1 

NAND Gate Characteristics 

A NAND gate is checked in the same manner as an AND gate. The 
only distinction is that a NAND gate inverts the polarity of the output 
pu lse with respect to the i nput pulses. Note that an AND gate or a 
NAND gate has a minimum of two input te rmi nals; however. these gates 
may have any maxi mum number of i nput terminals. For example. B-i nput 
AND and NAND gates are often encountered (Fig .  4-2). However. the op-
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BASIC AND GATE SYMBOL 

PULSE GENERATOR MAY BE 
OPERATED AT ANY REPETITION 
RATE UP TO THE MAXIMUM 
RATED DEVICE SPEED. 

PULSE 

(WHEN ONE INPUT IS 
BEING TESTED SEPA· 
RATELY. THE OTHER 
INPUT SHOULD BE 
GROUNDED) 

GENERATOR'O+-__ ��I 

CHECK DEVICE DATA SHEET 
FOR VOLTAGES. POLARITIES. L-___ ----+ __ ----<>----' 
AND ANY SPECIAL INSTRUCTIONS. TEST SETUP 

TOP VIEW 
TYPICAL QUAD 2·INPUT AND 

GATE PACKAGE. WITH PIN·OUT 
IDENTIFICATION. 

GND 

OSCILLOSCOPE 

• 
V 
G 

Fig. 4-1. Checking the operation 

erating principle remains the same, regardless of the number of i nputs. 
For example, if an AND gate has 8 inputs, an output pulse wi l l  normally 
be obtained only when all eight inputs are simultaneously d riven logic
high.  Always check the manufacturer's data for correct voltages and po
larities. Note also that gates are generally fabricated with several gates 
included in a single IC package. Thus, a quad 2-input AND gate is an IC 
package that contains four AND gates, each with two inputs. 

4-2. To Check AND Gate Action in a Scanner-Monitor Receiver 

Equipment: None 
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of an AND gate. 

TRIPLE 3-INPUT AND GATE 
PACKAGE 

DUAL 4·INPUT AND GATE 
PACKAGE 

GND 

Connections Required: With reference to Fi g .  4-3 , connect 
scope via lo-C probe at the clock output, FF1 Q output, 
FF1 Q output, FF2 Q output, and FF2 Q output, i n  turn. 

Procedure: Observe the waveform displayed (or absence of 
wavefo rm) at each of the test points. 

Evaluation of Results: A square-wave t rain (clock pu lses) are 
normally p resent at the clock output; half-freq uency square 
waves in  opposite polarities are normal ly present at the FF1 
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Q and the FF1 Q outputs; quarter-frequency square waves in  
oppo..§.ite polarities are normally present at  the FF2 Q and the 
FF2 Q outputs. Incorrect output, or absence of output, at a 

NAND GATE SYMBOL 

Vee 
1 4  13 12 I I  1 0  

QUAD 2·INPUT NAND GATE 
PACKAGE 

GND 

LOGIC HIGH 
THRESHOLD 

LOGIC I LEVEL 
........ - / - - - - - - - - - - - - -- 2.4 V 

LOGIC LOW 
THRESHOLD - -\- - -- - - - - - -- 0.4 V 

LOGIC 0 LEVEL 

Fig. 4·2. Typical digital waveform in TTL circuitry, showing High (1)  and Low 
(2) thresholds. (CMOS circuitry employs supply voltages in the range from 3 

to 18 volts; check manufacturer's data sheet). 
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test terminal i ndicates a fault in the associated devi ce. The 
array of square waves depi cted in the di agram comprises the 
specified timing diagram for the d igital system. 



GATE I 

Q 0+----, 

FF2 GATE 2 

Q o+--J-Jl-i 
GATE 3 

GATE 4 

(A) Logic diagram. 

�F1 

L...-_---I�F1 
�F2 

'--____ ---'�F2 

(8) Normal operating waveforms. 

IN·CIRCUIT 
WAVEFORMS 

Fig. 4-3. Simplified block diagram for a 4-channel digital-logic section 
in a scanner-monitor radio receiver. 

NOTE 4-2 

Digital Clock Function 

A clock is a free-running multivibrator which functions to synchronize 
circuit actions throughout a digital system. A flip-flop ( FF) is a bistable 
multivibrator; when the FF is "on," its Q output is logic-high-when 
"off," its Q (NOT Q) i s  logic-low. The logic-high state is symbolized by 1 ,  
and the logic-low state i s  symbolized by O .  When the Q output of a FF 
is 1 ,  its Q output is 0,  and vice versa. The Q and Q outputs are said to 
be complementary. Each AND gate has a 0 output unless both of its 
i nputs are simultaneously 1. If both AND gate inputs are 0, its output is 0 ;  
i f  the AND gate inputs are 1 ,0 or 0,1 , its output i s  O .  Note that the timing 
diagram in Fig. 4-3 represents a positive operating level, with positive 
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+5 V ------- ,--..,- -- ---- LOGIC HIGH ( 1 )  

GND LOGIC LOW (0) 
(A) Positive operating level, with positive logic . 

+5 V - - - - - - - ...--..,- - - - - - - LOGIC LOW (0) 

GND LOGIC HIGH ( 1 )  
(8)  Positive operating level, with negative logic . 

GND - -- -- - -,---..., ...---....-- - - ·· - - - lOGIC HIGH ( 1 )  

- 1 2  V lOGIC LOW (0) 

(C) Negative operating level, with negative logic. 

GND - - - - -- - - - - - - - - LOGIC LOW (0) 

-12 V LOGIC HIGH (1 )  
(D) Negative operating level, with positive logic. 

Fig. 4-4. Basic example of positive and negative operating levels, with 
positive and negative logic conventions. 

logic. However, the technician will encounter instances of positive oper
ating level with negative logic, of negative operating level with negative 
logic, and of negative operating level with positive logic, as exemplified 
in the diagram of Fig. 4-4. 

4-3. To Check the Operation of an OR Gate 

Equipment: Pu lse gene rator o r  sq uare-wave generator, and bat
tery. 

Connections Required: Conn ect scope at output of OR gate. 
Connect output from generator in turn to each of the i nputs 
of the OR gate. Fi nal ly, connect the output from the gene rator 
to all of the i nputs of the OR gate. Use rated Vee supply volt
age. 

Procedure: Apply a su itable output level f rom the generator, 
such as 2.5 volts peak. Observe the scope screen as the fore
going test connections are made. (See Fig .  4-5. )  

Evaluation o f  Results: A n  output pu lse should b e  displayed on 
the scope screen whenever the generator output is appl ied 
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PULSE 
GENERATOR OSCILLOSCOPE 

• 
V 
G 

(A) Test setup. 

(B) Basic OR gate symbol. Vee 
14 

(D) NOR gate symbol. 

GND 
(e) Typical triple 3-input OR 

gate package. 

13 12 I I  1 0  

(E) Typical triple 3-input NOR 
gate package. 

Fig. 4·5. Checking the operation of an OR gate. 

7 
GND 
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------ -- -

to one or more of the OR gate inputs. Otherwise, the gate is 
defective and shou ld be rep laced. 

NOTE 4-3 

NOR Gate Characteristics 

A NOR gate is checked in the same manner as an OR gate. The only 
distinction is that a NOR gate i nverts the polarity of the output pulse with 
respect to the i nput pulse(s). Note that an OR gate or a NOR gate has a 
minimum of two i nput terminals; however, these gates may have any 
maximum number of i nput terminals. The operating pri nciple remains 
the same, regardless of the number of i nputs. For example, if an OR 
gate has five inputs, an output pulse wi l l  normal ly be obtained when
ever any input terminal, or any combination of input termi nals, is  d riven 
logic-high.  Always check the manufacturer's data for correct voltages 
and polarities. 

4-4. To Check the Operation of an XOR Gate 

Equipment: Pu lse gene rator or sq ua re-wave generator, and bat
tery. 

Connections Required: Connect scope at output of XOR gate. 
Connect output from gene rator in turn to each of the inputs 
of the XOR gate. Final ly, connect the output from the gene ra
tor to both of the i nputs of the XOR gate (Fig .  4-6) . Use rated 
Vee supply voltage. 

Procedure: Apply a su itable output level f rom the gene rator. 
Observe the scope sc reen as the foregoi ng test connections 
are made. 

Evaluation of Results: An output pu lse should be d isplayed on 
the scope sc reen whenever the generator output is  appl ied 
to one of the XOR gate inputs. On the other hand, no output 
pulse should be displayed when the generato r output is ap
pl ied si mu ltaneously to both of the XOR gate inputs. Fai lure 
to respond normal ly to these tests indicates that the XOR gate 
is defective. 

NOTE 4-4 

XOR Gate Characteristics 

An EXCLUSIVE OR (XOR) gate has two inputs; it produces a logic
high output only when its inputs are driven to opposite levels. If its i n
puts are 1 , 1 or 0,0, the XOR gate produces no output ( is at a logic-low 
level) .  An EXCLUSIVE NOR (xcm) gate is checked in the same manner 
as an XOR gate. The only distinction is  that an XOR gate inverts the 
output that would be obtained with an XOR gate. In other words, an 
XOR gate produces a logic-low output only when its inputs are driven 
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PULSE 
GENERATOR 

(A) Test setup. 

)D-

Vee 
14 

(B) Basic XOR gate symbol. 

1 3  1 2  1 1  1 0  

GNO 
(e) Typical quad 2-input XOR 

gate package. 

Fig. 4-6. Checking the operation of an XOR gate. 

to opposite levels. If the XOR i nputs are 1 , 1 or 0,0, the gate output is at 
a logic-high level. The normal responses of AND, OR, NAND, NOR, XOR, 
and XOR (XNOR) gates are summarized to good advantage by means of 
truth tables as shown in Fig. 4-7. 

4-5. To Check the Operation of an AND-OR-INVERT Gate 

Equipment: Pulse o r  sq uare-wave generator, and battery. 

Connections Required: With refe rence to Fig. 4-8, connect out
put terminal of device to vertical-i nput channel of scope. 
Con nect output from generator to AND gate inputs, as ex
p lained next. Connect rated Vee supply voltage from Vee ter
mi nal to ground. 
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A B C 
1 0 0 
0 1 0  
1 1 1 
o 0 0 

A B C  
1 0 1 
o 1 1 
1 1 0 
o 0 1 

A B C  
1 0 1 
o 1 1 
1 1 0 
0 0 0  

A B C  
1 0 1 
o 1 1 
1 1 1 
0 0 0  

A B C 
1 0 0 
0 1 0  
1 1 0 
o 0 1 

A � 
B � C 

A B C 
1 0 0 
o 1 0 
1 1 1 
o 0 1 

Fig. 4-7. Truth tables summarize normal responses. 

Procedure: Use an appropriate output level from the sq uare
wave gene rator at any repeti tion rate within the specified 
range of the devi ce. Apply the test signal i n  turn to each in
dividual AN D-gate i n put terminal ,  and observe scope screen. 
Then, apply the test signal i n  turn to eac h set of AN D-gate 
in put terminals, and observe scope screen .  

Evaluation of Results: I n  normal operation, no waveform wi l l  be 
displayed on the scope screen un less the test signal is  ap
pl ied s imu ltaneously to a set of AND-gate input terminals. 
Otherwise, the devi ce is  defective and should be replaced . 

4-6. To Check the Operation of a Full Adder 

Equipment: Pulse generator or sq uare-wave generator ,  and bat
tery. 
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SQUARE
WAVE 

GENERATOR 

TO AND 
GATE 

INPUTS 7 '-r-----' 
(SEE TEXT) 

12 NC 

I r---, 1 I  __ ---1 1 1  NC 

10 

(A) Typical package pin-out and test setup. 

(B) Basic fOuf-wide 2-2-2-3 input 
AND-DR-INVERT gate symbol. 

Fig. 4-8. Test of AND-OR-INVERT gate operation. 

OSCILLOSCOPE 

Connections Required: As shown in  Fi g. 4-9, con nect a dual
trace scope at the Carry and Sum outp uts of the fu l l  adder. 
Connect output from generator to one, two, or three inputs 
of the fu l l  adder, as successively l isted i n  the truth table. 
Use rated Vee supply voltage. 

Procedure: Apply a suitable output level from the generator. 
Observe the scope screen as the foregoing test con nections 
are made. 

Evaluation of Results: An output p u lse is  normally d isplayed on 
channel A, on channel B, or both, when corresponding A, B, 
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and C' pu lses are ap pl ied to the fu l l  adder. Fai lu re to respond 
in accordance with the truth table i nd icates that the fu l l  adder 
is defective. 

NOTE 4-5 

Full Adder Operation 

A ful l adder consists of two half adders with an OR gate. A half adder 
(Fig. 4-1 0) consists of an XOR gate and an AND gate (or equivalent 

PULSE 
GENERATOR 

A--� 

I ,  \ .. 6-...... --,"1 
I 
I 
I 
\ CARRY t, IN 

CARRY 

CARRY 

(A) Test setup. 

� l  

Al 

6 1  12 

Vcc 1 1  

CIN 10 

NC 

NC 
NC = No connection 

(B) Basic full adder (C) Typical package 

OSCILLOSCOPE 

• 
SUM 

Az 

6z 

�2 
GND A B C' S C 

0 o 0 0 0 
Cz 

0 a 1 1 0 
0 1 0 1 0 

NC 0 1 1 0 1 
1 a 0 1 0 

NC 1 a 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

symbol. pin-out. (0) Truth table. 

Fig. 4-9. Check of full adder operation. 

arrangement). A ha lf adder has two inputs and a sum (8 or �) output 
and a carry (C) output. A full adder has two i nputs and a carry-i n (C') in
put, with a sum output and a carry-out output. The i nputs are custom
arily designated A and 8; pulses applied to the inputs are logic-high 
or  logic-low levels and are cal led binary digits (bits). The foregoing 
adders are two-bit devices, since they h ave two i nputs. Observe that 
the truth table for an adder is basically a statement of the rules for bi
nary addition. 
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A -----1r---t-I 
B --.-�'---H 

A B 
o 0 
o 1 
1 0 
1 1 

S C 
o 0 
1 0 
1 0 
o 1 

(A) Gate arrangement. (8) Truth table. 
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(e) Operating waveforms. 

Fig. 4·10. Half adder. 
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4-7. To Check the Operation o� a 4-Bit Latch 

Equipment: Two squa re-wave generators, and battery. 

Connections Required: As shown in Fi g. 4-1 1 ,  connect the out
put from one square-wave generator to the clock i nput of a 
selected latch, and con nect the output from the other square
wave generator to the data input of the latch. Connect the A 
channel of a dual-trace scope to the Q output of the latch, 
and con nect the data i nput of the latch to the B channel of 
the scope. If the sq uare-wave generators have sync faci lities, 
lock generato r 2 from the output of generator 1 .  Use rated 
Vee supply voltage. 

Procedure: Ope rate the c lock generator at two or three times 
the repeti tion rate of the data generator. Observe the Q out
put waveform with respect to the data input waveform. 

Evaluation of Results: As indi cated by the truth table, the Q out· 
put waveform normally reproduces the data input waveform, 
but lags by one-half of a clock cycle. Thus, i f  the clock gener-
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OSCILLOSCOPE 

SQUARE WAVE 
GENERATOR 1 

SQUARE WAVE 
GEN ERATOR 2 

, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  , SYNC (SEE TEXT) 

(A) Test setup. 

(B) Basic 4-bit latch symbol. 

tn tn +  1 

0 Q 
1 1 
0 0 

NOTES: 
tn = B it time before clock 
negative·going transition. 

tn + 1 = Bit time after clock 
negative·going transition. 

(0) Truth table. 

Positive logic: See truth table. 
Ne = No internal connection. 

(e) Typical dual 4-bit latch package. 

Fig. 4-1 1 .  Check of 4-bit latch operation. 

ator is operating at twice the rate of the data generator, and 
the generators are synchronized,  the Q output waveform nor
mal ly lags the data input wavefo rm by one-quarter cycle. 
Otherwise, the latch is defective and should be rep laced. 

NOTE 4-6 

Latch Characteristics 

A latch is basically a bistable multivibrator which is generally used as 
temporary storage for bits between processing units and input/ output or 
indicator units. A high or a low state appl ied at the D i nput wi l l  be trans
ferred to the Q output when the clock goes logic-h igh;  thus, the Q output 
lags the D input waveform. This lag represents the temporary storage 
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t ime. Note that the a output from the latch normally has opposite polar
ity from the a output (complements the a output). 

4-8. To Check the Operation of a JK Master/Slave Fl ip-Flop 

Equipment: Two square-wave generators, and battery. 

Connections Required: Connect the J and K i nputs of the FF 
together and to the output from the square-wave generator 1 
( Fig.  4-1 2) .  Connect the CP i nput to the output from square
wave generator 2. Connect the R) )  in put to a logic-high source 
(battery) . Connect the Q and Q FF outputs respectively to the 
A and B channels of a d ual-trace scope. Use rated Ve(, supply 
voltage. 

Procedure: Operate sq ua re-wave generator 2 at a h ig her repe
tit ion rate than square-wave generator 1 .  Use suitable output 
levels, per device data sheet. Observe the scope screen. Then 
con nect the R)) input to ground, instead of the l ogic-hi gh 
sou rce, and again observe the scope screen. 

Evaluation of Results: Since the J and K i nputs are t ied together, 
the f l ip-flop wi l l  normally toggle; when J and K are 0, Q re
mains in its previous (clock pu lse) state ; but when J and K 
go to 1 ,  Q w i l l  normal ly change state. Q wi l l  normal ly com
p lement Q's state. Thus, square-wave outp uts are normal ly 
observed from the FF. On the other hand, when Rn is held 
at 0, Q normal ly remains at ° and Q remains at 1. Otherwise, 
the FF is defective and should be replaced. 

NOTE 4-7 
JK Flip-Flop Functions 

The JK master/slave fli p-flop is in extremely wide use. It is a clocked 
device; inputs to the master section are controlled by the clock pulse. 
The clock pulse also controls the ci rcuitry which connects the master 
section to the slave section. The normal sequence of operation is as fol
lows : ( 1 )  Clock pulse isolates slave from master; (2) 1 's or D's are en
tered from J and K i nputs to the master section ;  (3) Clock pulse dis
ables J and K i nputs ; (4) Clock pulse also transfers master state to slave 
section. As shown by the truth table, the FF outputs wil l alternate (toggle) 
when the J and K i nputs are tied together and driven by a square-wave 
voltage. The Rn input is ordi narily logic-h igh;  however, the Rn i nput may 
be driven logic-low whenever desired, whereupon the a output wil l  be 
forced logic-low (0 forced logic-high).  This forcing or clearing action of 
the RD i nput can be employed at any time, and is i ndependent of the 
clock action.  
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4-9. To Check the Operation of a 1 -of-1 0 Decoder/Driver 

Equipment: Pu lse or square-wave generato r, and battery. 

Connections Required: With reference to Fig. 4-1 3, connect out
put from generato r to speci fied inp uts of decoder-d river. Con
nect specified output from decoder/ d river to vertical- input 
channel of scope. Use rated Vee su pply voltage. 

Procedure: Fi rst, with no signal in put to any fou r  of the inp uts on 
the decoder/d river, observe the scope response at the vari
ous outputs. N ext, with signal i n put at PA only, observe the 
scope response at the various outp uts. Conti nue with the sig-

1 1 0  

FROM 
SQUARE·WAVE FROM 
GENERATOR 2 BATTERY 

r - - - - -
I SYNC (1 )  : FROM (2)  
I 
I 

T .---+---i J RD Q 
CP 

OSCILLOSCOPE 

• 
Q 

VA K CP J 

VB '-------I K Q I--�_-.J 
(A) Test setup. 

! 
CLOCK 

(CP) 

(B) Basic JK master/slave flip-flop 
symbol. 

)O--+---oQ 
� ___ 

��_--o CLEAR 
(Rol 

Positive logic: 
Low input 10 clear sels Q 10 low level 
Clear is independenl of clock 

(e) Basic logic diagram. 

Fig. 4-12. Check of JK 



nal i nput combinations l isted i n  the t ruth table, obse rvi ng the 
scope response in each step.  

Evaluation of Results: I n  normal operation, the scope wi l l  d is
play a pu lse or  squa re-wave output only at the decoder/ 
d river output terminals that correspond to the in put si gnal 
conditions specified in  the truth tab le. Otherwise, the de
coder/d river is defective and shou l d  be rep l aced. 

NOTE 4-8 
Decoder-Driver Characteristics 

The 1 -of-10 decoder/ driver exemplified in Fig .  4-1 3 is designed to accept 
binary-coded-decimal (bcd) inputs and to provide corresponding output 
states to drive 10-digit incandescent readout displays. All outputs nor
mally remain off for all invalid i nput conditions. Note that the output 
gates in the decoder/driver may be provided as open-collector devices; 

flip-flop operation. 

Q Q K Q Q 

CP Ro CP Ro 

tn 

J 

a 

a 

1 

1 

(D) Typical package pin-out. 

K 

a 

1 

a 

1 

tn + 1 

Q 

Qn 

a 

1 

Qn 

NOTES: 
tn = Bit time before clock pulse. 
tn + 1 = Bit time after clock pulse. 

(E) Truth table. 
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(B) Basic 1-of-10 decoder/driver symbol. 

Vee 

01 PA 

01 Ps 

03 Pc 

04 Po 

Os 
06 08 

GNO <h 

(C) Typical package pin-out. 

INPUTS OUTPUTS 

Po Pc PB PA Qo QI Q1 Q3 Q4 Qs 06 07 Q8 09 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 
0 0 0 1 1 0 1 1 1 1 1 1 1 1 
0 0 1 0 1 1 0 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 0 1 1 1 1 1 1 
0 1 0 0 1 1 1 1 0 1 1 1 1 1 
0 1 0 1 1 1 1 1 1 0 1 1 1 1 
0 1 1 0 1 1 1 1 1 1 0 1 1 1 
0 1 1 1 1 1 1 1 1 1 1 0 1 1 
1 0 0 0 1 1 1 1 1 1 1 1 0 1 
1 0 0 1 1 1 1 1 1 1 1 1 1 0 
1 0 1 0 1 1 1 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 0 0 1 1 1 1 1 1 1 1 1 1 
I 1 0 1 1 1 1 1 1 1 1 1 1 I 
I 1 1 0 1 1 I I I I I I I I 
I 1 I I I I I I I I I I I I 

(D) Truth table. 

decoder/driver operation. 
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in such a case, the device data sheet wi l l  i nclude this i nformation. Also, 
the test setup wi l l  require a load resistor of rated value at each output 
terminal. Although a 1-0'-10 decoder/ driver operates with respect to 
binary-coded decimal notation, this is of no consequence in test proce
dures. In other words, the test procedure is concerned only with a deter
mination of whether the device responds In accordance with its associ
ated truth table. 

4-10. To Check the Operation of a Schmitt Trigger 

Equipment: Sine-wave generator, and battery. 

Connections Required: As shown in Fi g. 4-1 4, tie all of the AND
gate in puts together  and to the output from a sine-wave gen-

SINE WAVE 
GENERATOR 

1 14 

Vee 
14 13  

SCHMITT 
TRIGGER 

(EACH SCHMITT TRIGGER IS 
IND IV IDUALLY CHECKED) 

(A) Test setup. 

12 

3 
NC 

NC 
1 1  1 0  

7 
GND 

(8) Typical dual Schmitt trigger package pin·out. 

Fig. 4-14. Checking operation of a Schmitt trigger. 

OSCILLOSCOPE 

• 



erator. Con nect output from Schmitt tr igger to verti cal-i nput 
channel of scope. Use rated Vee supply voltage. 

Procedure: Drive the Sch mitt tr igger with a suitable peak-to
peak ac voltage, acco rding to the device data-sheet rat ing.  
Observe the scope screen. 

Evaluation of Results: In normal operation, a square wave wi l l  
be displ ayed on the scope screen; the square wave should 
have the same repetition rate as the sine-wave frequen cy. 
In other words, a Schmitt trigger normal ly  operates as a 
waveform squaring ci rcuit. For a comprehensive test, check 
the AN D-gate in puts individual ly-there is normal ly zero out
put from the Sc hm itt tr igger un less al l of the AN D-g ate inputs 
are si mu ltaneously driven logic-high,  or logi c-low. 

4-1 1.  To Check the Operation of a True/Complement Zero/ 
One Element 

Equipment: Square-wave gene rator, and battery. 

Connections Required: Connect output from square-wave gen
erator to data inputs of true/ compl ement zero/ one element, 
as shown in Fig. 4-1 5 . Connect outputs from device to verti
cal-i nput channel of scope. Con nect control inputs in turn 
to a logic-high source (battery) or to a log ic-low sou rce 
(ground) .  Use rated V,.,. voltag e. 

Procedure: With both control i nputs logic-h igh,  observe the 
A I -Y1 response on the scope screen ;  cont inue through ArY4• 
Repeat proced u re with both control i nputs logic-low, and 
with one control in put logic-h igh while the other control i n put 
is logic-low. 

Evaluation of Results: As ind icated in the truth table, the sq ua re
wave output normally dupl i cates the sq uare-wave input on 
each channel when B is logi c-high and C is logic-low. How
ever, the sq uare-wave output is normally inverted (comple
mented) when B and C are both logi c-low. If B and C are 
both logic-high, a l l  outputs are normally logic- low, and there 
i s  no square-wave passage. Or, when B is logic-h igh and C 
is logic-low, a l l  outputs are normal ly logic-h igh,  and there 
is no sq uare-wave passage. Otherwise, the device is defec
tive and should be replaced. 
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NOTE 4-9 
True/Complement Zero/One Element Function 

True/complement zer% ne elements function to pass a binary num
ber unchanged, or to complement the number in passage. Thus, 1 0 1 1  
can be outputted as 1 0 1 1 ,  or i t  can b e  outputted as 01 00. This 1 0 1 1 out
put is called the true mode of operation, whereas the 0 1 00 output is called 
the complementary mode of operation. A true/ complement function is 
basic in arithmetic and logic units (alu's), because addition occurs when 
the data is true, and subtraction occurs when the data is complementary. 
All arithmetical operations are performed by adders in conjunction with 
true/complement elements and storage devices such as shift registers. 

4-12. To Test the Operation of a Parity Checker/Generator 

Equipment: Sq ua re-wave gene rator, and battery. 

Connections Required: Refer to Fig. 4-1 6. Connect output from 
ge ne rato r to each of the i nput termi nals on the device in turn ; 
then con nect generator output to pairs of the device i nput 
terminals in turn.  Connect device outp uts to the vertical-i nput 
channels of a d ual-trace scope. Con nect output enable ter
minal i n  tu rn to a logic-high sou rce and to a logic-low sou rce. 
Use rated V" c su pply voltage. 

Procedure: As each devi ce input is d riven by the square-wave 
signal ,  observe scope screen as the enable termi na l is 
switched from logic-high to logic-low. Repeat as various 
pai rs of devi ce input terminals are d riven by the generator. 
(See diagram.) 

C 

(B) Basic true/ comple
ment zer% ne element 

symbol. 

GND 

(e) Typical package 
pin-out. 

true/complement zer% ne element. 

CONTROL OUTPUTS INPUTS 
B C VI V2 V3 
0 0 Al A2 A3 

0 1 Al A2 A3 

1 0 1 1 1 

1 1 0 0 0 

(D) Truth table. 

V4 
A4 

A4 

1 

0 
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(A) Test setup. 

Fig. 4-16. Test of parity 
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Evalua tion of Results : I n  normal operat ion, an output sq uare 
wave w i l l  be obtai ned from the PO termi nal when one input 
terminal is driven and the enable terminal is logic-low; no 
output sq uare wave is normal ly displayed when the enable 
termi nal is log ic-h igh.  Si m i l arly, an output square wave is 
no rmal ly obtai ned from the PE termi nal when any two in put 
termi na ls are dr iven and the enable te rminal  is  logi c-low; no 
output square wave is normal ly displayed when the enable 
terminal is log ic-h igh.  

NOTE 4-1 0 
Even and Odd Parity 

Parity checking is uti l ized in routine error checks of data processing 
operations. The exemplified device provides odd and even parity checks 
for digital words up to nine bits. The even parity output, PE, is normal ly  
log ic-high i f  an even number of logic 1 's are applied to the device inputs. 
On the other hand. the odd parity output, PO, is normally logic-high if 
an odd number of logic 1 's is appl ied to the device i nputs. Note that 
the enable input, E ,  normally forces both outputs to a logic-low level 
when a h igh level is applied to the enable input terminal .  

10 Vee 

I , 2 1 3  1 7 

1 2 3 1 2  16 

1 3 4 1 1  I s 
10 I ,  1 2  1 3  I �  I s  1 6  1 7 1 8  

E 1 8  5 1 0  I � 

PO PE PO 6 9 PE 

GND 7 8 E 

(B) Basic parity checker/generator (e) Typical package pin-out. 
symbol. 

checker Igenerator. 
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S E C T I O N  5 

Semiconductor Tests 

and Measurements 

5-1. To Test a Diode Junction With a Quick Checker 

Equipment: Quick checker arrangement as shown in the dia
gram of Fig. 5-1 . 

Connections Required: Con nect output leads from quick 
checker to scope, as shown. Connect test leads of qu ick 
checker across the d iode junction under test. 

Procedure: Adjust scope gain controls for suitable size of pat
tern. Observe shape of disp layed pattern (Fig.  5-2). 

Evaluation of Results: A normal diode wi l l  disp lay a rig ht-angled 
pattern on the scope screen.  There may be either one o r  two 
right angles, dependi ng on the diode type. The fi rst r ight an
gie is the result of forward conduction in the diode. The sec
ond r ight angle ( if present) is the result of zener action by 
the diode. 

NOTE 5-1 
Operation of Quick Checker 

The 1 0-to-1 stepdown t ransformer used i n  the quick checker can be 
quite small ,  because the maximum secondary current flow (with red and 
black test leads short-ci rcuited) is only 1 1  mA, approximately. The open
ci rcuit output voltage between the leads is approximately 12 V rms; thus, 
when the leads are shorted, the drop across the 1 K resistor is  approxifnately 30 V p-p. Current flow through the device under test is li mited 
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Evaluation of Results: I n  normal ope ration, an output square 
wave w i l l  be obtai ned from the PO termi nal when one input 
termi nal is driven and the enable terminal is logic-lOW; no 
output square wave is normal ly disp layed when the enable 
terminal  is log ic-high. S imi l arly, an output square wave is 
normal ly obtai ned from the PE termina l  when any two i n put 
termi nals are driven and the enable te rminal  is logi c-low ;  no 
output square wave is normally displayed when the enable 
termina l i s  logic-high.  

NOTE 4-1 0 
Even and Odd Parity 

Parity checking is util ized in routine error checks of data processing 
operations. The exemplified device provides odd and even parity checks 
for digital words up to n ine bits. The even parity output, PE, is  normally 
logic-high if  an even number of logic 1 's are applied to the device inputs. 
On the other hand, the odd parity output, PO, is  normally logic-high if 
an odd number of logic 1 's is applied to the device inputs. Note that 
the enable input, E ,  normally forces both outputs to a logic-low level 
when a high level is applied to the enable input terminal. 

10 Vee 

I I 2 1 3  1 7  

1 2  3 1 2  1 6  

I )  4 1 1  I s 

10 I I 

E 
1 2 I )  I� I )  1 6  1 7 1 8  1 8  5 10  I� 

PO PE PO 6 9 PE  

GND 7 8 E 

(B) Basic parity checker/generator (e) Typical package pin-out. 
symbol. 

checker Igenerator. 
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STEPDOWN TRANSFORME 
lo-TO·1 RATIO 

R 

R2 lK 

R3 
R4 

2.2 M 

RED 
(A) Circuit of quick checker. 

120K 

BLACK 

SCOPE 
VERT 

SCOPE 
GND 

SCOPE 
HORIZ 
TEST 

LEADS 

OSCILLOSCOPE 

1 20 VAC 
60 Hz 

• 
QUICK 

CHECKER 

(8) Application of test leads. 

Fig. 5-1 . Test of diode junction action. 

HORIZONTAL 
INPUT 

B C 
TRANSISTOR OR 

DIODE UNDER TEST 

by R1 , by R2, and by the i nternal resistance of the device. A normal 
j unction has low forward resistance and high back resistance. This dif
ference in j unction resistance values produces the characteristic right
angled pattern on the scope screen. If a right angle does not appear i n  
the pattern, the diode is  defective and should be replaced. Note that the 
apparent right angle is actually a section of an exponential curve. How
ever, the diode is swept over a comparatively large voltage interval, with 
the result that the exponential curve is highly compressed in the pattern, 
and has the appearance of a right angle. 

5-2. To Estimate Resistance Values With a Quick Checker 

Equipment: Quick checker. 

Connections Required: Con nect quick checker to scope, as 
shown in  Fig. 5-1 . Con nect test leads from quick checker 
across resistor under test. 

1 21 



Procedure: Observe the slope of the diagonal l ine displayed on 
the scope scree n.  

Evaluation of Results: Typical pattern slopes produced by re
sistance values from 1 00 ohms to 1 0  ki lohms are shown in  
Fig. 5-3. A "shorted" diode j unction never has zero ohms 
resistance, although its value might be comparatively low. 
A short-ci rcu ited ju ncti on wi l l  not prod uce a r ight-ang led 
pattern;  however, if its internal resistance is appreciable,  a 
45° angle might be produced, for exam ple .  I n  any case, the 
slopes wi l l  be proportional to the resistance val ues. For pre
cise cali bration of slopes, the test leads from the quick 

(A) Black test lead connected to 
diode cathode. 

122 

(e) Waveform of a 3D-volt 
zener diode. 

(B) Black test lead connected to 
diode anode. 

(D) Waveform of a 1S-volt 
zener diode.' 

Fig. 5-2. Normal waveforms displayed 



checker can be appl ied to precision resistors, and the scope 
controls adj usted for a desi red patte rn aspect. 

5-3. To Check a Bipolar Transistor 

Equipment: Quick checker. 

Connections Required: With reference to Fig. 5-1 , connect o ut
put leads from quick checker to scope. Connect test leads 
from quick checker to t ransistor te rmi nals as explained next. 

Procedure: (Si l icon transistors) . Apply the qu ick-checker red 
and black test leads at random to the transistor termin als. 
When a waveform is  obtai ned as exempl i fied in  Fig. 5-4, the 
leads wi l l  be connected across the base-em itter ju nction of 
the device. Next, connect the red test lead to the collector 
terminal .  Then connect the b lack test lead a lternately to the 
two remai ning terminals of the transistor. A greater vertical 
deflection wi l l  be obtai ned when the black test lead is  con
nected to the base of the transistor. 

(E) Waveform of a 7-volt 

TUBE REFERENCE 
�I 

Q]lo �D 

MARKED "K"  

-

-=�MARKED " + " �==---
ANODES COLOR SPOT CATHODES 

GLASS� 
---ICJ>-9COLOR BANDS 

tfIII!t- MARKED 

U " + "  

zener diode. (F) Diode polarity identifications. 

when the test leads are connected to a diode. 
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Fig. 5-3. Slopes of screen traces for 
corresponding values of resistances. 

Evaluation of Results: The transistor is worka ble if the foregoing 
test resu lts are obtai ned; the base terminals wi l l  also be iden
ti fied by the test resu lts. In the final step, verti cal deflection 
wi l l  be downward at the r ight and upward at the left for an 
npn transistor. Deflection is opposite for a pnp type. 

NOTE 5-2 

Silicon and Germanium Transistor Characteristics 

Most transistors are sil icon types, and have zener-type conduction 
th rough thei r base-emitter j unction; this results in a pattern that has 
both upward and downward deflection intervals. However, germanium 
transistors do not have zener conduction, and the foregoing first pro
cedural test cannot be carried out. Hence, the following procedure is  
used instead : Connect the red and black test leads at random to the 
transistor te rminals. When an open circuit (horizontal l ine) is displayed 
on the scope screen, the test leads are connected to the collector and 
emitter (a  small conduction may be observed at the voltage crossover 
point. Next, connect the black test lead to the base term inal of the tran
sistor. Observe the scope screen; a pnp transistor produces downward 
deflection at the right, and an npn transistor produces upward deflection 
at the left of the pattern. (A germanium transistor does not produce both 
upward and downward deflection intervals.) 

5-4. To Check a Bipolar Transistor With a Semiconductor 
. Curve Tracer 

Eqwipment: Cu rve tracer as depicted in Fi g. 5-5. 
1 24 



•... =1 . . •  
(A) Pnp base-emitter waveform. 

. . 

.=n: 
. . . 

(e) Ppn collector-base waveform with 
red lead connected to collector. 

(E) Black lead con
nected to base (pnp). 

(G) Black lead connected to 
emitter (pnp). 

L 
. . . 

(B) Npn base-emitter waveform. 

(D) Npn collector-base waveform with 
red lead connected to collector. 

(F) Black lead con
nected to base (npn) . 

(H) Black lead connected to 
emitter (npn). 

Fig. 5-4. Waveforms normally produced by transistors. 

Connections Required: Con nect output leads f rom tracer to the 
vertical and horizontal input terminals of the scope. Plug tran
sistor under test into the socket provided on the tracer. 

Procedure: Set the bias step-voltage control as req ui red for the 
ty pe of transistor under test. Adjust scope gain co ntrols for 
suitable size of pattern. 
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(8) Typical six-step pattern for a silicon transistor. 

Fig. 5·5. Display of collector·family characteristics. 

Evaluation of Results: A fami ly of col lector characteristics wi l l  
be  disp layed on the scope screen i f  the transisto r is  in  work
able condition. A si l icon transistor with very smal l  reverse 
col lector  current (very high back resistance) wi l l  produce a 
family of traces that are nearly horizontal. Col lector leakage 
causes the cu rves to slope uph i l l  on the screen.  Low gai n 
causes the fam i ly of curves to be com pressed at low col lec
tor voltage, and to be expanded at h igh col lector voltage. 
A german ium transistor normal ly has lower back resistance 
than a si l icon transisto r. In turn,  characteristics for germa
n ium t ransistors tend to slope uphi l l  on the screen to some 
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extent. I n  case of doubt, compare the test pattern with that 
produced by a s imi lar known good transistor (or consult the 
manufacturer's data sheet). 

NOTE 5-3 

Nonlinear Resistance Indication 

Observe that the basic distinction between the quick checker de
scribed in Fig. 5-1 and the curve tracer exemplified in Fig. 5-4 is that 
the latter provides a series of step voltages to obtain a multitrace dis
play. In turn, the slope of a curve in Fig. 5-5 indicates a resistance value, 
j ust as the slopes of the traces in  Fig. 5-3 represent resistance values. 
The slope of a curve indicates the resistance from the collector terminal 
to the emitter termi nal of the transistor under test. Note that the traces 
are seldom precisely straight, but tend to be curved more or less. This 
cu rvature corresponds to nonlinear resistance (resistance wherein the 
current flow is not di rectly proportional to the applied voltage). Zero or 
infin ite resistance values (shorted or open transistors) produce approxi
mately vertical or horizontal l ine patterns, as i l lustrated in Fig. 5-6. (See 
also Note 5-4.) 

5-5. To Measure the Beta Value (Current Gain) of a Transistor 

Equipment: Same as in F ig .  5-4. 

Connections Required: Same as in Fig. 5-4. 

Procedure: Cal ibrate the scope with the cont rols provided on 
the curve tracer, so that a suitable range such as 10 volts is 
i ndicated on the ho rizontal axis, and a suitable range such 
as 30 mi l l iamperes is ind icated on the vertical axis .  Position 
the pattern as shown in Fig. 5-7. 

Evaluation of Results: As i l lustrated in the diagram, the vertical 
spacing of successive traces co rresponds to a col lector
cu rrent i nterval te rmed �I ('. The base-c urrent steps provided 
by the curve tracer are set to a base-cu rrent i nterval termed 
�IH '  In turn, the cu rrent gain (beta) at a chosen area in the 
pattern is given by � I('/ �IH' In the i l lustrated exam ple,  �I (' is 
measured at a region in the pattern where i ts valu e  is 9 mA; 
since the value of � IH  has been set to 0.05 mA, the corre
spondi ng va lue of beta is 1 80. 

NOTE 5-4 

Display of NPN and PNP Characteristics 

Since npn- and pnp-type transistors conduct in opposite d i rections, a 
pnp family of characteristics will be displayed "upside down" with re
spect to an npn family of characteristics, as depicted i n  Fig. 5-8. Thus, an 
npn display is zeroed at the lower left-hand corner of the g raticule, 
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/- CURRENT LIMITING 
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o 
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CURRENT lIMITING _ 
BY CURVE TRACER 

(A) Shorted transistor. 

/ 
I II 

Ie 

/ 
Ie 

Ve VERTIC 
DETE 

AL POSITION OF TRACE 
RMINED BY VERTICAL 

CENTERING OF OSCILLOSCOPE 

(8) Open transistor. 

Fig. 5-6. Transistor curves. 

whereas a pnp display is zeroed at the upper right-hand corner of the 
g raticule. Note that the scope should have dc-coupled ampl ifiers; ac
coupled amplifiers wil l  cause trace shift and distort the display. Also, 
it is desirable that the horizontal ampl ifier have very high input resis
tance, because this input resistance shows up in the pattern as apparent 
transistor leakage resistance. To observe this apparent leakage, switch 
the transistor in  and out, watching for any change (movement) in the 
base line. 
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Fig. 5-7. Determination of transistor beta value. 

9 10  
� Ie BETA = � Is 

5-6. To Measure the Output Impedance (Resistance) of a Tran
sistor 

Equipment: Same as in Fig.  5-4. 

Connections Required: Same as i n  Fig. 5-4. 

10 1J:+=FrFf=r-,-n 

PNP 
ADJUST OSCILLOSCOPE CENTERING 
CONTROLS TO PLACE START OF "
ZERO REFERENCE STEP HERE. "-.-,-,-",,-,-,-,-,-, 0 

����=F��� 4 
Ie t-+-t-+-t-+-,r+-1--+-t--+-t-+-t+-t+-t-+t1 5 I e 

1 �������-+-+� OL-��������� \ 1 2 3 4 5 6 7 8 9 10 
\ Ve 

ADJUST OSCILLOSCOPE CENTERING 
CONTROLS TO PLACE START OF 
ZERO REFERENCE STEP HERE. 

��+-����� 6 

- 10 - 9 -8- 7 -6 -5 -4 - 3 - 2 - 1 0 10 

Fig. 5-8. Pnp display is "upside down" with respect to npn display. 
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Fig. 5-9. Determination of transistor output impedance. 
A le 

Procedure: Cal ibrate the scope for suitable voltage and cu rrent 
ranges such as 50 volts on the horizontal axis and 1 2  m i l l i 
ampe res on the vertical axis. Position the pattern as shown 
in Fig.  5-9. 

Evaluation of Results: As indicated i n  the d iagram, the slope of 
a trace corresponds to a col lector-cu rrent interval te rmed 
�Ic. This col lector-current i nterval has an associated col lec
tor-voltage i nterval termed �Vc. In  turn,  the o utput i mped
ance denoted by these cu rrent and voltage values is given 
by �Vc/�lc. I n  the i l lustrated example, this rat io is equal to 
25/0.0008, or 31 ,000 ohms. As a general rule, power-type 
transistors have lower output impedance than small-signal 
transistors. 

NOTE 5-5 

Looping and Thermal Runaway 

Test procedures should always be conservative, so that the device 
under test is not overdriven. Conduction of current through a transistor 
generates heat. If the collector voltage and/or base current results i n  
excessive heating,  the traces that are normally d isplayed change i nto 
loops. The size of the loop increases as the amount of overdrive is 
i ncreased. This condition is i ncipient "thermal runaway" which wi l l  de
stroy a transistor unless the drive is decreased. Overdrive causes loop
ing to appear in the pattern because the transistor heats up rapidly as 
the peak of the, drive voltage or  current is approached, and then cools 
to some extent as the peak is passed. Inasmuch as heating occurs be
fore cooling, there is a time lag i nvolved that shows up in  the pattern 
as a looping. 
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5-7. To Check the Condition of a Transistor In-Circuit 

Equipment: Transi sto r curve tracer. 

Connections Required: Remove power from equi pment under 
test ; then con nect the cu rve-tracer test leads to the transis
tor on the pr inted-circuit  board . 

Procedure: Si nce c i rcuit impedances may shunt considerable 
base-drive voltage around the transistor, it may be necessary 
to apply more base-d rive step voltage than in out-of-ci rcuit 
tests. Occasional ly, al l of the avai lable d rive sig nal may be 
shunted away by a very low in-circuit base-emitter resi stance, 
and no cu rve disp lay can be obtai ned on the scope screen.  

Evaluation of Results: I n-ci rcuit patterns general ly appear h ighly 
distorted, as compared with out-of-ci rcuit col lector charac
teristic patterns (see Fig .  5-1 0) .  This distortion is due to in
ci rcuit i mpedance. However, it is possible to i nterp ret various 
displays. For example, five loops and a base l ine appear i n  
the n p n  pattern. This is interpreted t o  mean that every base
voltage step prod uces additional col lector cu rrent, and that 
the transistor is probably workable. The pnp pattern is typi
cal of an osci l lator circuit ;  it seems to indicate seri ous tran
sistor leakage, although the t ransistor is normal.  In sum
mary, i n-c i rcuit  pattern evaluation is best accompl ished on 
the basis of compa rative tests, o r  on the basis of experience 
with specific ci rcuitry. 

NOTE 5-6 

Impedance Loops Versus Thermal Loops 

The loops shown in Fig. 5-1 0 are typical i m pedance loops, caused by 
RC or RL ci rcuitry. It is easi ly possible to disti nguish between such im-
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Fig. 5-10. Typical in-circuit curve-tracer patterns. 
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pedance loops and the thermal loops described in Note 5-5. Thus, the 
loop size decreases and disappears as the drive is decreased, in the 
case of a thermal loop. On the other hand, an impedance loop does not 
disappear as the drive i s  decreased. 

5-8. To Select a Pair of Matched Transistors 

Equipment: Transistor curve tracer. 

Connections Required: I nsert the various transistors from an as
sortment successively i nto the test sockets on the curve 
tracer. 

Procedure: Observe the screen patterns produced by the cho
sen t ransistors. 

Evaluation of Results: A pai r of matched transistors wi l l  pro
duce patterns that are virtual ly identical. In complementary
symmetry ampl ifiers, a pnp transistor is to be matched by an 
npn transistor. Therefore, the test patterns will h ave opposite 
polari ty, as depicted in Fig.  5-1 1 .  However, the pnp pattern 
matches the npn pattern if  it is a mi rror image. 

NOTE 5-7 

"Vertical Roll" In Loop Pattem 

If excessive heat is generated i n  a transistor while testing with a curve 
tracer, the condition becomes apparent i n  the scope pattern (Fig.  5-1 2) . 
Looping appears in the traces, because the collector current does not i n
crease and decrease at the same rate as the sweep voltage i ncreases and 
decreases. As the sweep voltage starts from zero, the transistor is com
paratively cool. The transistor temperature increases to a maximum at 
the peak of the sweep voltage, and increasing temperature causes addi-

-
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tional collector-current flow and additional heat. Then, as the sweep 
voltage decreases, a time l ag is i nvolved in cooling of the transistor. 
The top portion of a loop shows the increasing sweep current, and the 
bottom portion of the loop shows the decreasing sweep current. Note 
also that with some transistors, the collector current wi l l  droop at the 
high end of the curve-an increase in temperature is  causing a decrease 
in collector current. If thermal runaway starts, "vertical rol l "  appears; 
the entire family of curves moves in the di rection of higher collector 
current, and can soon result in transistor burn-out. 

5-9. To Check Nonlinearity in Transistor Current Gain 

Equipment: T ransistor curve t racer. 

Connections Required: Same as in  5-4. 
Procedure: Observe the screen pattern produced by the tran

sistor under test. 

Evaluation of Results: With reference to Fig. 5-13, plot an i mag
inary l ine along the ends of the curves; this is the "test load 
li ne." Next, p lot an "operati ng load li ne" in paral le l  with the 
test load l i ne, but intersecting the zero Ie l ine at the desi red 
operating Vel<: for the transistor. Then, measu re and co mpare 
the changes in  col lector current (did between the curves on 
operati ng load l i ne .  I f  these changes are the same, the t ran
sistor is l i near in  the test region.  On the other hand, if these 
ch anges are not the same, the transistor is nonli near in the 
test region. In Fig.  5-1 4 , there is  some nonl inearity d isplayed. 
In other words, because d9mA is  unequal  to d1 1 mA, ampl i
tude distortion wi l l  occur  i n  the test region. For example, an 
input signal of ±O.05 rnA wi l l  p roduce an output signal of 
+9 rnA and - 1 1 rnA. 

NOTE 5-8 

Variation in Nonlinearity 

Transistor gain is not entirely constant, and may be quite nonlinear. 
The amount of nonli nearity is dependent upon the region of measurement 
in the pattern. Nonl inearity may be desirable or  undesirable, depending 
upon the application of the transistor. Nonlinearity should be measured 
along a load l ine,  as has been explained; this method more nearly dupli
cates ci rcuit operating conditions than if the nonlinearity is  measured at 
a specific value of Vc>:. A load resistance causes circuit operation along 
a load line, because a change in col lector current produces a change in 
voltage drop across the load, and in turn produces a change in collector 
voltage. 
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(8) Droop at high current. 

(C) Onset of thermal runaway. 

Fig. 5-12. Evidence of transistor heating in scope patterns. 

5-10. Transistor Breakdown Voltage Measurement 

Equipment: Transistor curve tracer. 

Connections Required: Same as in 5-4. 
Procedure: Disp lay the col lector fami ly on the scope sc reen, 

with reduced horizontal width. Then, increase the sweep
voltage control on the curve tracer unti l  an uptu rn in col lec
tor cu rrent is observed at the tai l of the curves. (See Fig. 
5-1 5.) 

Evaluation of Results: The upturn in col lector current at the on
set of b reakdown is very sharp for most transistors, although 
i t  is somewhat grad ual for a few types. Read the collector 
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Fig. 5-14. Two types of nonlinear collector famil, characteristics. 

voltage value at which the curve upturn starts along the cali
brated horizontal axis. 

NOTE 5-9 

Breakdown Testing Technique 

The measured breakdown voltage will normally be greater than the break
down voltage rating in the transistor data sheet. Otherwise, the transistor 
is defective and should be replaced. If the breakdown voltage rating is 
not available, a practical rule of thumb is that the breakdown voltage 
should be double the value of the collector supply voltage of the circuit 
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Fig. 5-15. Patterns observed during breakdown voltage measurements. 

in which the transistor is to be used. Breakdown voltage measurements 
should be made carefully, so that current upturn is not substantial, with 
the associated danger of thermal runaway and transistor burnout. For the 
same reason, breakdown voltage tests should not be prolonged. 

5-1 1.  Transistor Saturation Voltage and Resistance Measure
ment 

Equipment: Transistor curve tracer. 

Connections Required: Same as in 5-4. 

Procedure: Display the col lector family and note that the knee 
of each curve (Fig. 5-1 6) occurs at approxi mately the same 
collector voltage, regardless of base cu rrent. 

Evaluation of Results: The val ue of the saturation voltage VeE(sat) 
is defined as the col lector voltage at the knee of a curve. The 
satu rat ion resistance reE ( sat) is equal to Vel ie; it  is equal to 
the col lector voltage divided by the col lector current for a 
given value of base cu rrent i n  the col lector satu ration region. 

NOTE 5-1 0 

Saturation Voltage and Resistance Ratings 

For measurement of saturation voltage in comparison to data-sheet 
specifications, the base current and collector current shoul d  be noted 
at the point of measurement. The manufacturer's rating is the maximum 
value at which the knee should occur. In other words, if the rating is on 
or  above the knee, the transistor is acceptable. Note that to measure 
saturation voltage on the curve tracer, only the saturation region of the 
characteristics need be displayed; this is  the low collector-voltage re-
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Fig. 5-16. Measurement of 
saturation voltage. 
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gion up to and i ncluding the knee of each curve. Thus, the display can 
be expanded, using a low-voltage horizontal calibration value, such as 
0.2 volt per division. This faci l itates accurate measurement of low col
lector voltage values. Data sheets usually specify saturation-resistance 
values as maximum acceptable li mits. 

5-12. To Display a Drain Family of FET Characteristic Curves 

Equipment: Transistor cu rve tracer. 

Connections Required: Same as i n  5-4. 

Procedure: Keep one hand grou nded whi le handl ing the FET 
with the other hand, to avo id device damage from static e lec
tricity. Set tracer controls for FET test. G round the shield of 
the FET (if present). In the case of a d ual-gate devi ce, ground 
the gate which is  not being d riven in the test. Be carefu l  not 
to overd rive and damage the FET. 

Evaluation of Results: Compare the drain fami ly d isp layed in 
the screen pattern with the curves specified in the device 
data sheet. A normal device w i l l  have rated tolerances. If the 
FET is out of tole rance, it is  defective and should be replaced 
( Fig .  5-1 7) .  

NOTE 5-11 
Depletion and Enhancement Types of FETs 

FET characteristic curves show the relation of drain current versus 
drain voltage at various gate voltages. FET breakdown voltage may be 
checked and measured in the same manner as for bipolar transistors. 
When checking FETs, a curve tracer is set to apply constant-voltage 
steps to the gate, instead of constant-current steps as in the case of 
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base drive to  a bipolar transistor. Most FETs are o f  the  depletion type, 
and the zero-volt step corresponds to the highest drain current in the 
pattern. A few FETs are designed as enhancement devices, which nor
mally have zero drain current at zero gate voltage. To check an enhance
ment FET, a suitable forward bias voltage must be connected in series 
with the gate-source lead. In turn, the enhancement device can be tested 
in the same manner as a depletion device. 

5-13. To Check the Drain Family Characteristics for a Dual
Gate FET 

Equipment: Transistor curve tracer. 

Connections Required: Same as in 5-4, except that the unused 
gate is connected to the source. In the second part of the 
test, the unused gate is returned to the source through an 
adjustable bi as voltage. 

Procedure: Same as in 5-1 2, except that a separate test is 
made for each gate. Fol low up with a comparison test i n  
which the drain fami ly characteristics are displayed with the 
undriven gate retu rned to the source through low, medi um, 
and h igh values of bias voltage. 

Evaluation of Results: Consult the data sheet for the device, and 
observe whether the FET is within rated tolerances in  each 
part of the test procedure. Note that dual-g ate FETs are used, . 
for example, i n  agc ci rcuitry and i n  heterodyn e mixer c i r
cuitry; both gates have control of the drain current flow. 
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5-14. To Measure the Transconductance of an FET 

Equipment: Transisto r curve trace r. 

Connections Required: Same as in  5-4. 
Procedure: Observe the change in  drain cu rrent ( 1 0) that resu lts 

from a corresponding change in gate voltage (VG) with in  the 
re gion of the characte ristics chosen for measu rement (Fig.  
5-1 8) .  

Evaluation of Results: Transconductance is  measu red in  mhos, 
and is equal to a given change in d rain cu rrent divided by 
the associated change in gate voltage : 

aiD 
g

m = aVG 
For example, i n  Fig. 5-1 8 a change of 1 .1 mA in  d rain current 
is caused by a change of 0.5 volt in gate voltage. Accord
ingly, the transconductance of the FET in the reg ion of mea
su rement is 2200 micromhos (,umhos) . 

NOTE 5-12 

Voltage- and Current-Operated Devices 

The gain of an FET is measured in terms of transconductance because 
the gate draws negl igible current; an FET is said to be a voltage-oper
ated device. On the other hand, the gain of a bipolar transistor is mea
sured in terms of a current ratio (beta) because the base draws cur
rent; a bipolar transistor is said to be a current-operated device. I n  turn, 

VG =O� 
),.---I VG -- .5V 

� 

j,7 I , ....... }VG = 0.5 V  VG = - 1 .0V 

J/ ".. VGI=- L5 V  �/ A ID = 1 . 1  V 
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Fig. 5-18. Example of transconductance measurement. 
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the gain of an FET i n  m icromhos cannot be di rectly compared with the 
gain of a bipolar transistor in beta units. However, it may be noted that 
the gain of a bipolar transistor can be measured in terms of transconduc
ance, if desired. This is done by measuring the change in  collector cur
rent that results from an associated change i n  base voltage. In the ma
jority of practical applications, it is preferable to consider the gain of a 
bipolar transistor in beta units. 

5-15. To Determine the Pinchoff Voltage of an FET 

Equipment: Transistor curve tracer. 

Connections Required: Same as in 5-4. 

Procedure: Start display of the pattern with a small step volt
age which provides a l l  of the avai lable cu rves (such as six 
curves). Then, increase the step-vo ltage setting unt i l  the last 
curve di sap pears (merges with the next-to-the-Iast curve 
along the zero cu rrent axis). In Fig. 5-1 9, this increase i n  step 
voltage causes two of the latter cu rves to disappear. 

Evaluation of Results: The pi nchoff voltage is the gate voltage 
that corresponds to the zero-current level in the pattern. For 
exam ple,  in Fig. 5-1 9, pinchoff occurs in the range between 

I I I .J. vG =ov --
,/ vG O.5V-

10 1.1 '" ,..,... VG = - l  V 

I-""" VG =- 1.5Y_ 1/, vG 2� V j vG 2.5V-

r I I Vos 
(Al Pinchoff is not reached with 

D.S-volt steps in gate voltage. 

10 

I I .I 1 VG=OV-I--I--

V I I I VG =-I V 

I-- I I I ) I . 1. 

I VG = - 2V-r-
llf� I I If VG = - 3 V (PINCHED OFF) 

Vos 
(8) Pinchoff is reached with 
1-volt steps in gate voltage. 

Fig. 5-19. Determination of pinchoff Yoltage. 

-2.5 and -3 volts. If a more preCise measurement is desi red, 
connect an external bias source to the gate of the FET, and 
adjust the bias voltage exactly to pinchoff, as i ndicated on 
the scope sc reen. 
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Fig. 5-20. Example of FET breakdown voltage measuremenl 

5-16. To Measure the Breakdown Voltage of an FET 

Equipment: Transistor curve tracer. 

Connections Required: Same as in 5-4. 
Procedure: Display the d rai n family of characte ristics. Increase 

the cu rve-tracer sweep voltage unti l the cu rves show the 
onset of breakdown (see Fig. 5-20). 

Evaluation of Results: The breakdown voltage is reac hed at the 
pOint where the cu rves beg in  to show an abrupt u pshoot in 
d rain current. Keep the test t ime short, to avo id possible dam
age to the FET. 

5-17. To Check a Silicon Controlled Rectifier for Forward 
Blocking Voltage 

Equipment: Transistor cu rve tracer. 

Connections Required: As depi cted in  Fig. 5-21 , connect the 
SeR anode terminal to the col lector jack of the cu rve tracer; 
connect the SeR gate te rminal to the base jack; con nect the 
SeR cathode terminal to the emitter j ack. 

Procedure: Set the step-selector control to zero volt (this is  the 
ICES posit ion for a typical tracer) ; set the polarity control to 
npn. Then increase the sweep-voltage setting until the SeR 
"fi res"; i n  other words, the anode current abruptly i ncreases 
and the anode voltage d rops to nearly zero. 

Evaluation of Results: Read the hig hest anode voltage value in  
the  display on the  cali b rated screen. Th is  h ighest value is  
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holding current is also displayed. 

defined as the maxi mum forward blocking voltage. Any an
ode cu rrent at anode voltage below the fi r ing poi nt is forward 
leakage cu rrent and it can be read d i rect ly from the display. 

NOTE 5-13 

SCR Function 

An SCR or thyristor is a four-layer pnpn device with three term inals: 
cathode, anode, and gate. I t  operates simi larly to a diode i n  its "on" 
state. However, an SCR also has an "off" state in which i t  will not con
duct in either di rection. I f  its forward blocking voltage is exceeded, the 
SCR normally "turns on." I t  wi l l  then stay on until the anode-cathode 
current drops below a certain value called the holding current. The for
ward blocking voltage is the maximum anode-cathode voltage in the 
forward di rection that the SCR can withstand before conduction, with 
the condition of zero gate current. 

5-18. To Measure the Reverse Blocking Voltage for an SCR 

Equipment: Transistor curve tracer. 

Connections Required: Same as in Fig. 5-21 . 

Procedure: Same as i n  5-1 7 except that the polarity control 
is set to its pnp positi on. 

Evaluation of Results: Read the hig hest vo ltage value on the 
screen at which voltage breakdown occurs with an abrupt i n
crease in  anode cu rrent. Any anode cu rrent that flows at volt
ages below the breakdown point is reverse leakage cu rrent 
and can be read d i rectly from the display. 
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5-19. To Measure the Holding Current for an SCR 

Equipment: Transistor cu rve tracer. 

Connections Required: Same as in Fig. 5-21 . 

Procedure: Same as in 5-1 7. 

Evaluation of Results: Observe the lowest cu rrent val ue dis
played for the "on" cond ition of the SCA. This is defined as 
the hold ing  current. N ote that the holding cu rrent can also 
be measu red with the step-selector control set to one of its 
"cu rrent per step" positions, so that less sweep vo ltage is 
requi red to drive the SCR into its "on" condition ( Fig. 5-22) .  
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Fig. 5-23. Example of forward voltage drop display for an SeR. 
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Fig. 5-24. Check of gate trigger Yoltage for an SCR. 

5-20. To Measure the Forward Voltage Drop of an SCR 

Equipment: Transistor cu rve t racer. 

Connections Required: Same as in Fig.  5-21 . 

Procedure: I nc rease the horizontal sensitivity of the osci llo
scope and display a low voltage portion of the forward volt
age (Fig .  5-23). Then i ncrease the current-per-step control 
sett ing so that the sweep voltage may be red uced . The ver
tical sensitivity of the scope may be reduced to 1 0  mA per 
divisi on for a greate r voltage/ cu rrent range. 

Evaluation of Results: Read the forward voltage value di rectly 
from the display. 

5-21. To Measure the Gate Trigger Voltage for an SCR 

Equipment: Transistor cu rve t racer, dc bias supply with mete r. 

Connections Required: Connect equipment as shown i n  Fig. 
5-24. 

Procedure: Same as i n  5-1 7, but set the sweep voltage to a 
specified forward anode-cathode voltage, and i ncrease the 
dc bias value unti l  the SCR switches on.  Observe the value 
of gate voltage at which switching occurs. Alternatively, set 
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Fig. 5-25. A triac consists of two paralleled and oppositely polarized SeRs. 

the dc bias supply to a specified gate voltage, and increase 
the sweep voltage unt i l  the SeR switches on. Observe the 
peak va lue of sweep voltage that is requi red for switching 
action. 

Evaluation of Results: The turn-on point of an SeR depends on 
both the forward voltage and the value of gate voltage that 
a re applied. As the gate voltage is increased, less forward 
voltage is requi red to switch the SeR, and vice versa. Th us, 
the SeR is  evaluated for the b ias voltage with respect to the 
sweep voltage requi red for switching acti on.  

NOTE 5-14 

Triac Operation 

Triacs are four-layer pnpn devices that have the same characteristics 
in both directions; they are used in ac applications. As depicted in Fig. 
5-25 a triac is the equivalent of two SCRs connected in paral lel ,  but ori
ented in opposite di rections. A triac has a main terminal 1 ,  a main ter
m i nal  2, and a gate terminal. Triacs are tested in the same manner as 
SCRs except that forward tests are repeated to determine the charac
teristics in both directions. Note that there is no reverse blocking volt
age measurement. 
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S E C T I O N  6 

Miscellaneous Applications 

6-1. To Measure the Bandwidth of an LC Circuit With a Ring
ing Test 

Equipment: Square-wave or  pu lse gene rato r that p rovides fast 
rise, coi l ,  and capacitor (fixed or variable). 

Connections Required: Connect eq uipment as descri bed in  Fi g. 
6-1 . 

Procedure: Display the r inging waveform obtained with a cho
sen value of C, and count the nu mber of peaks (cycles) in  
the  r inging waveform from the  1 00 percent to  the 37 percent 
amplitude point. Measure the r inging freq uency. 

Evaluation of Results: M ultip ly the number of cyc les from the 
1 00 percent to the 37 percent amp litude point by pi (3.1 4) ;  
th is gives the approximate Q value of the LC ci rcuit. Then,  
d iv ide the ri nging frequency by the Q val ue; this gives the 
approximate bandwidth of the LC ci rcuit. As an i l lustration, 
suppose that the Q value of a coi l  i s  50 and that the ri nging 
f req uency is 1 MHz. In turn,  the bandwidth of the coi l and its 
associated capacitance is approxi mately 20 kHz. Bandwidth 
is defined in  this method as the number of cycles between the 
0.707 voltage poi nts on the frequency response curve. These 
0.707 voltage poi nts are also called the half-powe r points, or 
the -3 dB points. 

NOTE 6-1 

Resonant-Frequency Formulas 

A damped sine wave such as shown in Fig. 6-1 has a frequency which 
is given approximately by the fami l iar resonant-frequency formula: 
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Fig. 6·1. Determination of bandwidth for LC circuit. 

1 
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- 21T vLC 

However. the exact ri nging frequency is formulated : 

1 j 1 R" 
f = 21T LC - 4L 2 

We wi l l  find that when R has a small val ue, as i n  a color-subcarrier 
ringing-oscil lator ci rcuit. that the famil iar resonant-frequency formula 
gives practically the same answer as the exact formula. 

6-2. To Make a Ringing Test of an IF Transformer 

Equipment: Square-wave or pulse generato r with fast rise. 

Connections Required: Connect equipment as shown in  Fig. 6-3. 

Procedure: Display the r inging waveform, and adjust the tri m-
mer capacitors (or sl ugs) for maxi mum pattern ampl itude; 
wel l-defi ned zero-beat crossi ngs wi l l  be observed at maxi
mum amplitude. 

Evaluation of Results: In general, this is considered to be a 
comparative test, to weed out defective transformers. How-
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REDUCTION IN RINGING FREQUENCY CAUSED BY CIRCUIT RESISTANCE 

RESISTANCE* 
REDUCTION IN FREQUENCY 

(% 01 He) (% OF L {i[C )  

o (ZERO RESISTANCE) 0 1 =_1_ 
o 21r{[C 

10 .5 
30 4.6 
50 13.4 
70 28.6 
90 56.4 
100 100.0 (NO OSCILLATION) 

*Re DENOTES THE CRITICAL RESISTANCE VALUE. OR 2{i]C. 
WHEN THE CIRCUIT RESISTANCE IS INCREASED TO Re· 
THE R INGING FREQUENCY IS ZERO. AND THE RINGING 
WAVEFORM BECOMES A TRANSIENT SURGE. THE Q VALUE 
BECOMES 'j, AT CRITICAL DAMPING. 
CRITICAL DAMPING IS OF CONSIDERABLE IMPORTANCE IN 
SPEAKER OPERATION 

Fig. 6-2. Relation of natural frequency (ringing frequency) to the driven 
resonant frequency, as in an amplifier load circuit. 

ever, a few of the pattern characte ristics are of interest. An 
overcoup led if  transfo rmer has two resonant frequencies 
(two hump frequencies) which resu lt from the m utual i nd uc
tance between the two windi ngs. These hump frequencies 
beat together to form the r inging pattern. If we cal l  these 
ri nging frequencies f1 and f2, the beat (envelope) frequency 
wi l l  be f2 - fl' The center frequency of the if transformer, such 
as 456 kHz, 4.5 M Hz, or  1 0.7 MHz, is  equal to the r inging fre
quency, or to (f1 + f2)/2. 

NOTE 6-2 

Adjustment of Primary and Secondary Frequencies 

If the primary and secondary windings are not tuned to the same fre
quency in the procedure of 6-2, the ri nging pattern will display peaks 
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(8) The two resonant frequencies are 
f, and f2' and the ringing frequency 

(A) Typical ringing pattern. is fo• 

Fig. 6-3. Ringing test of an if transformer. 

and valleys but wi l l  not show any zero (crossover) points. As the primary 
and secondary frequencies are adjusted more nearly equal, the valleys 
i n  the waveform approach the zero level . At widely different primary and 
secondary frequencies, the higher frequency may appear merely as a 
"ripple" along the lower frequency. 

6-3_ To Measure Percentage of Amplitude Modulation 

Equipment: An am signal generator or other sou rce of ampli
tude-mod u lated signal.  Audio osci l lator ( if  signal generator 
does not have audio output). Trapezoidal method req ui res 
an rf pickup loop and an RC coupl ing circu it, as shown in  
F ig .  6-4. 

Connections Required: When the ti me-base display is used, 
connect the sou rce of the am signal d i rectly to the verti cal
i nput channel of the scope. When the trapezoidal method is 
used, connect the pickup loop to the vertical-i nput channel 
of the scope, and connect the RC coupl ing ci rcuit from the 
modu lati ng voltage sou rce to the horizontal- input channel of 
the scope. 

Procedure: In the time-base method, observe the maxi mum and 
min imum peak voltages in  the pattern. When the trapezoidal 
d isplay is  used , adjust the pickup coi l orientation and the 
potentiometer for a trapezoidal pattern with p roper layover; 
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observe the relative vertical deflections at the ends of the 
trapezoidal pattern. 

Evaluation of Results: Percentage of amplitude modulation is 
calculated as noted in the d iagram. 

NOTE 6-3 

Distorted Modulation Patterns 

Amplitude-modulation patterns may show various types of distortion. 
For example, the i l lustration in Fig. 6-5 exemplifies typical i nherent dis
tortion for an economy-type am generator. This is an example of non
symmetrical and nonsinusoidal modulation. Residual frequency modu
lation is also present i n  the carrier, as a result of di rect modulation of 
the rf oscillator. When trapezoidal displays are used, am distort ion shows 
up curvatures or other distortions in the top and bottom of the trapezoid; 
the ends of the pattern may also be displaced vertically with respect to 
each other. Nonsymmetrical modulation causes a "double image" dis
play, due to poor layover of the forward and reverse images. 

Fig. 6-5. Output signal from an economy-type am generator. 

6-4. To Check the Operation of an Op-Amp Integrator 

Equipment: Square-wave generator. 

Connections Required: Connect output from square-wave gen
erator to i nput of op-amp integ rator. Connect output from 
i ntegrator to vertical input channel of scope (Fig. 6-6). 

Procedure: Observe output waveform over the rated repetition 
rate for the op amp. 

Evaluation of Results: A precise triangular waveform is  nor
mal ly d isplayed on the scope screen. The useful range of the 
exempl i fied configu ration is from 1 to 10 kHz, approxi mately. 

NOTE 6-4 
Op-Amp Characteristics 

An operational amplifier (op amp) i s  a very high gain integrated-circuit 
amplifier that is ordinarily used with considerable negative feedback. 
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In turn, the op amp has very low distortion, h igh stabil ity, and a voltage 
amplification that depends on the value of the feedback resistance or 
feedback impedance. An op amp has comparatively high input resistance 
( in  the absence of feedback), and a low output resistance. When a large 
amount of negative feedback is used, as in the example of Fig. 6-4, the 
i nput impedance of the op amp becomes very low, and can be regarded 
as a virtual ground. Consequently, the effective input impedance of the 
configuration is equal to the series i nput resistance that is used, plus the 
i nternal resistance of the source. Note also that an op amp has two input 
terminals; the i nverting i nput is designated (-), and the noninverting i n
put is designated (+ ). In the example of Fig. 6-4, the noninverting i nput 
is grounded via the 39 K resistor at terminal 4, and the i nverting i nput 
is driven via Z, (the series input resistor, or weighting resistor). The 
weighting resistor determines the output/ i nput voltage ratio, with all 
other thi ngs being equal . 

SQUARE WAVE 
GENERATOR 

1 52 

r - - - - - - - - - - - --, 
, I 

NEGATIVE : 1 Zf FEEDBACK 1 : 

Z, 39K 

I I 
, , 

I O.03p.F 1 
L _ _ _ _ _ _ _ _ _ _ _ _  J +6V  

-6 V  

( - ) I S  THE INVERTING INPUT: OUTPUT 
HAS OPPOSITE POLARITY WITH 
RESPECT TO INPUT 

(+ )  IS THE NONINVERTING INPUT: 
OUTPUT HAS THE SAME POLARITY 
WITH RESPECT TO THE INPUT 

(A) Test setup. 

OSCILLOSCOPE 

• 
6----iI-oV 

G 

Fig. 6-6. Checking the operation 



6-5. To Check the Operation of an Op-Amp Differentiator 

Equipment: Square-wave generator. 

Connections Required: Con nect test setup as shown in Fig. 6-7. 

Procedure: Observe the output waveform from the d i fferenti-
ator. 

Evaluation of Results: A very narrow pu lse output is normally 
prod uced at each leading and trai l i ng edge of the square
wave input. Note that the 51 -ohm resistor Zr in series with 
the in put capacitor is  used to min imize noise interfe rence in 
the output (the resistor l i mits the rf gain of the op amp). 

NOTE 6-5 

Ideal Differentiator Action 

An op-amp differentiator provides an output which more nearly ap
proximates a true mathematical derivative than does an RC differentiator. 
An ideal differentiator would produce an output pulse with i nfinite am
plitude and infinitesimal width. Similarly, an op-amp i ntegrator produces 
an output waveform which approximates a true mathematical i ntegral 
more nearly than does an RC i ntegrator. In other words, RC differenti
ators and i ntegrators provide exponential output waveforms ( Fig. 6-8), 

f =1 kHz f = 10 kHz 

l I j .l 
� V '""- / .......... ............. ...... 

"'- ./ "" """- V r---. r--...... ,........., ........ 
OUTPUT - 0.2 VIDIV. OUTPUT = 50 mV/DIV. 

(8) Normal operating waveforms. 

(C) Typical package. REF. 
PO I NT ---'-r-y--,ror"'T--.-r 

of an op-amp integrator. 
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�� 
-----, 
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51 i , , -----,' 

Z, 

(A) Test setup. 

f = 1 kHz 

INPUT - 2mVIDIV. 

+ 6 V  
OSCILLOSCOPE 

• 

-6V  

(8) Normal input/output waveforms. 

1 OUTPUT - 1 VlDIVI 
I I 

Fig. 6-7. Checking the operation of an op-amp differentia tor. 

whereas op-amp differentiators and integrators provide good approxi
mations to straight vertical l ines and straight-sided triangular waveforms. 
(Op amps are used extensively in function generators and i n  analog com
puters.) 

�. To Check the Operation of an Op-Amp Summer (Adder) 

Equipment: Audio osci l lator and square-wave generator. 

Connections Required: Connect test setup as shown in Fig. 6-9. 
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Procedure: Adjust the audio osci l lator output to a suitable level 
such as 90 mV p-p, and adjust square-wave generato r output 
to a higher level ,  such as 1 80 mV p-p. Use different frequen-

100 
90 

... 
Q 80 :::> 

1\ 
� 

.... ::::; 70 ... :IE c 
� \ :IE 60 

:::> :IE 
;c 50 c :IE ... 40 0 .... z 30 ... '-' ... 

1\ 
V 

1 1/ ... 20 ... 

10 J V 

/ 
/ 
"-

" 

(OHMS x FARADS = SECONDS) 

/ 

'" 

---..-
/"" v 

�f-

�,.... ----
3 

TIME IN RC UNITS -

Fig. 6-8. RC differentiators and integrators produce exponential 
output waveforms. 

cies in the two input sig nals, such as 1 kHz and 1 00 Hz. Ob
serve output waveform. 

Evaluation of Results: As depicted in the diag ram, an op-amp 
summer  wi l l  normal ly produce the sum of the two in put wave
forms, at an ampl ified level : Observe that 1 K in put (weig ht
ing)  resistors are used in this example. Th ree, fou r, or more 
inputs, each with a 1 K i nput resistor, may be used, if desi red, 
because terminal 3 of the op amp is a vi rtual ground, due to 
the large amount of negative feedback that is  uti l ized. 

NOTE 6-6 
Subtraction by Op-Amp Summer 

An op-amp summer wil l add dc voltages, if desired, i n  the same man
ner as it  adds ac voltages. Note that a summer operates as a sub
tracter, if one of its i nputs is  reversed in polarity. Thus, +2 V added to 
+3 V equals +5 V; on the other hand, -2 V added to +3 V equals 
+ 1 V. Or, +2 V added to -3 V equals -1  V. In the case of ac input 
voltages to a summer, the output waveform displays their sum when the 
two input waveforms are in phase with each other. On the other hand, 
the output waveform displays their difference when the two input wave
forms are 1 800 out of phase with each other. 
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(8) Normal output waveform. 
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Fig. 6-9. Checking the operation of an op-amp summer (adder). 

6-1. To Check the Operation of an Op-Amp Scaling Adder 

Equipment: Audio osci l lator and square-wave generator. 

Connections Required: Connect test setu p  as shown in Fig. 
6-1 0. 

Prqcedure: Same as i n  6-6. 

Evaluation of Results: This op-amp adder employs a 1 K input 
resistor for the sine-wave signal, and a 2 K i nput resistor for 
the square-wave signal .  Practically, the gain for each i nput 
i s  calcu lated as the sum of the feedback and input resis-
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Fig. 6-10. Checking the operation of an op-amp scaling adder. 

tances, divided by the i nput resistance. Thus, the gain is 
normal ly 1 1  times for the sine-wave signal, and 6 times for 
the square-wave signal. I n  turn, the o utput waveform normally 
appears as i l lustrated. The same test pri nciples apply to m ore 
e laborate scaling adders that have more than two inputs. 
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S E C T I O N  7 

Oscilloscope Performance Checks 

7-1.  To Check the Accuracy of a Calibrated Time Base 

Equipment: Good-qual ity audio osci l lator and lab-type am gen
erator. 

Connections Required: Connect the output from the audio os
ci l lator or from the signal generator  to the vertica l- input chan
nel of the scope. 

Procedure: Set the aud io osci l lator (or am generator) to various 
low, medium,  and h igh freq uencies; obse rve the amounts of 
horizontal deflection occupied by one cycle of the displayed 
wavefo rm at various settings of the t ime/cm contro l .  

Evaluation of  Results: The period of the d isp layed waveform 
normal ly is equal to 1 If, where f is the appl ied test freq uency. 
For example, in Fig. 7-1 the test frequency is 2500 Hz; the 
corresponding period is 400 p.s. I n  turn ,  if the t ime/cm control 
is set for 1 00 p.s/cm, the d isplayed waveform wi l l  normally 
occ upy fou r  ho rizontal divisions of the screen. 

7-2. To Check the Accuracy of a Cal ibrated Vertical Attenu
alor 

Equipment: Audio osci l lator and audio voltmeter. 

Connections Required: Connect output from audio osci l lator to 
vertical i nput terminals of scope and to input terminals of the 
audio voltmeter. Test signal may be attenuated by 1 00-to-1 
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Fig. 7-1 . Checking the accuracy of a calibrated time base. 
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(8) 100-to-1 pad to obtain low-level 
(A) Test setup. test voltages. 

Fig. 7-2. Checking the accuracy of a calibrated vertical aHenuator. 

resistive pad, if req ui red to obtai n a suitably low-level s ignal 
(see Fig. 7-2). 

Procedure: Check each step of the vertical-input atten uator and 
compare the peak-to-peak voltage i ndicated on the scope 
screen with the reading of the audio voltmeter. (Audio volt
meter may i ndicate in  rms val ues, or  both rms and peak-to
peak val ues; the peak-to-peak val ue is equal to 2.83 ti mes the 
rms value.) 

Evaluation of Results: The peak-to-peak voltages ind icated on 
the scope screen should agree with in  reasonable tolerance 
with the peak-to-peak voltages ind.icated by the audio volt
meter. Note that the scope is l i kely to have an internal cali
b rati ng voltage; i f  so, this provides a useful cross-check. 
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7-3. To Check the Vertical and Horizontal Amplifiers for Lin
earity 

Equipment: Audio osci l lator. 

Connections Required: Apply output from audio osci l lator to 
vertical and horizontal input  chan nels of scope as shown i n  
Fig. 7-3. 

Procedure: Adj ust horizontal and vertical gain controls for a 
pattern that extends to the edges of the screen. However, do 
not exceed the li nearity l i mits. 

OSCILLOSCOPE 

AUDIO e OSCILLATOR 

v H 

G 

(A) Test setup. 

LINEARITY 
L IMIT 

(8) Normal display. 

LINEARITY 
LIMIT 

Fig. 7-3. Checking the vertical and horizontal amplifiers for linearity. 

Evaluation of Results: Diagonal l ines are displ ayed on the 
screen ;  the sl ope of a displayed l i ne depends u pon the rela
tive vertical and horizontal gain setti ngs. I n  any case, a l ine 
that is with in the l i nearity l im its of the screen should be pre
cisely strai ght. If cu rvature is present, it is indicated that the 
verti cal amplifier, the horizontal am plif ier, or both,  is/ are non
l i near. The relative amount of curvature changes as the gain
contro l setti ngs are varied. 

7-4. To Check the Phase Accuracy of a Dual-Trace Oscillo
scope 

Equipment: An am signal gene rator. 

Connections Required: Connect output from generator to both 
. the A and the B vertical-i nput channels, as shown in Fig. 7-4. 

Procedure: Vary the test freq uency u p  to the rated hig h-fre
quency l imi t  of the scope, and observe the dual-trace pattern. 
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Fig. 7-4. Checking a dual-trace scope for AlB phase shift. 

CHANNEL 
A 

CHANNEL 
B 

Evaluation of Results: The two patterns are normally precisely 
in phase with each other. If a phase error is present, it w i l l  
become more evident at  h igh freq ue ncies. In  such a case, 
the phase error may be noted and taken into account. 

7-5. To Check a Vertical Amplifier for Overload Recovery 

Equipment: An am generator and pu lse gene rator. 

Connections Required: Connect outputs from generators to ver
tical-input termi nals of scope, as shown in  F ig .  7-5. 

AM 
GENERATOR 

PULSE 
GENERATOR 

(A) Test setup. (8) Pattern. 

PULSE PEAK 
OFF SCREEN 

Fig. 7-5. Checking the overload recovery capability of an oscilloscope. 
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Procedure: Synchronize the pu lse generator from the signal 
gene rator, or careful ly adj ust the am gene rator freq uency to 
make the sine wave "stand sti l l "  on the screen. Ope rate the 
am generato r at a h igher frequency than the pu lse generator. 
Display the sine-wave pattern ; then advance the pUlse-gener
ator output unt i l  the pu lse com ponent is off-screen vertically. 

Evaluation of Results: The sine-wave patte rn should not become 
distorted as the pulse component is increased i nto the over
load region of the vertical ampl i fier. Note, however, that some 
lab-type scopes are desi gned for better overload recovery 
than others. When the ove rload recovery capabi lity is good, 
a waveform may be expanded verti cally as much as may be 
desi red. 

7-6. To Check a Differential-Input Scope for Common-Mode 
Rejection 

Equipment: Square-wave generator. 

Connections Required: Connect output from generator to one 
of the differenti al- input termi nals and ground. Then, connect 
output from generator to both of the differential- input termi
nals and ground (F ig .  7-6). 

OSCILLOSCOPE 
SQUARE·WAVE e GENERATOR 

:f= fo Vl fo GND 
V2 

(A) Test setup. 

SPIKES INDICATE LACK 
OF COMMON·MODE 

REJECTION 

(8) Pattern. 

Fig. 7-6. Checking a differential-input scope for common-mode rejection. 

Procedure: With the square-wave sig nal d riving one of the dif
ferential vertica l-i nput terminals, adjust the co rresponding 
vertical attenuator for fu l l -screen deflection. Then, set the 
other  vertical attenuator to the same leve l .  Apply the square
wave signal to both of the differential verti cal-i nput te rmi nals, 
and observe the screen pattern (if any). 

Evaluation of Results: Only a straight ho rizontal l ine wi l l  be d is
played if common-mode rejecti on is complete. In practice, 
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small  i rregularities may appear along the horizontal trace. 
If ta l l  spi kes appear in the pattern, common-mode rejecti on 
is fau lty. 

7-7. To Check the Response of an Oscilloscope to Line-Volt
age Fluctuation 

Equipment: Variac or equivalent, and audio osci l lator. 

Connections Required: Connect powe r cord of osci ll oscope in  
series with the  Variac; connect output from audio osci l lator 
to verti cal-i nput channel of scope. 

Procedure: Disp lay the audio sine-wave pattern on the scope 
screen. Vary the output voltage from the Variac over the rated 
power-l ine voltage range for the scope. Observe pattern 
changes (if any) whi le varyi ng the l i ne voltage slowly, and 
while varyi ng it rapid ly. 

Evaluation of Results: Vi rtua l ly no change in patte rn size, brig ht
ness, or stabi l ity wi l l  occur i n  a scope that has complete volt
age-regu lati on c i rcuitry. On the other hand, an econo my-type 
design may be susceptible to pattern jumpi ng and/or d is
placement, loss of sync,  change i n  pattern size, and change 
in pattern brightness as the l i ne voltage is varied .  

7-8. To Determine Whether a n  Oscilloscope Radiates R F  En
ergy 

Equipment: An am radio receiver, signal generator. 

Connections Required: Connect output f rom sig nal generator to 
vertical- input chan nel of scope. 

Procedure: Place rad io receiver in vicin ity of scope. Apply a 1 -
M Hz signal to the scope, and display the waveform o n  h igh
speed sweep, such as 0.04 I-'-s/ cm. 

Evaluation of Results: Tune the rad io receiver to a station in  the 
mi dband reg ion, and vary the generator frequency. If the 
scope is  radiat ing rf energy, a heterodyne squeal wil l be 
heard from the speaker. I f  the receiver is tuned through the 
am broadcast band, a rasping type of interference may be 
found at one or more regions of the band. Some scopes have 
a comparatively high level of rf radiation, and the condition 
cannot be classified as a fault. In such a case, the operator 
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should keep the radiation field in mind when making tests on 
nearby high-impedance high-frequency circuitry. 

7-9. To Determine Whether an Osci lloscope Case Is "Hot" 

Equipment: An ac voltmeter and 1 00K resistor. 

Connections Required: Con nect ground terminal of scope to 
col d-water p ipe vi a the 1 00K resistor. Con nect ac voltmeter 
across the resistor. 

Procedure: Turn scope "on" and observe meter reading (if any). 

Evaluation of Results: The meter should read vi rtual ly zero, 
when the power switch of the scope is "off" or "on." A sub
stantial  voltage reading ind icates that there is excessive 
power- l ine voltage gaining access to the scope case. 

7-10. To Check the Immunity of an Oscilloscope to External 
Fields 

Equipment: Radio transmitter ope rati ng within the rated fre
quency range of the scope. 

Connections Required: Short-circuit the scope's vertical-i nput 
termi nals. 

Procedure: Place the scope in  the vicin ity of the t ransmitter. 
Operate the scope without any appl ied si gnal .  

Evaluation of Results: I f  the scope is i mmune to external rf 
fields, no pattern wi I I  be displayed when the t ransmitter is 
operating. On the other hand, if the radiation field from the 
transm itter finds entry i nto the scope ci rcu itry, the t ransm itter 
signal wi l l  be displayed on the screen. Note that the t rans
mitter signal may gain entry via the power l i ne, or because 
of incomp lete shield ing of the scope ci rcuitry. It is  sometimes 
helpful to ground the case of the scope to a cold-water pipe. 

7-1 1. To Determine the Temperature Response of an Oscillo
scope 

Equipment: An am Signal generator. 

Connections Required: Connect output from am generator to 
vertical-input channel of scope. 
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Procedure: Observe pattern display when room tem peratu re is  
ch i l ly; then,  turn on room heater and raise the ambient tem
peratu re to 900• Observe pattern change (if any) as room 
tem peratu re rises. 

Evaluation of Results: A wel l-desi gned osci l loscope is vi rtual ly 
i mmune to room-temperature change. However, an economy
type scope may show substantial change in gain and/or sta
b i l ity with variation in room temperature. To eliminate pos
sible changes in output from the signal generator when the 
room temperature changes, the generator may be located in 
another room. 
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Index 

A 

Adjustment of primary and secondary 
frequencies, 1 48-149 

Amplifier 
d istortion, testing for 

with differential i nput scope, 
1 5-19  

with dual-trace scope, 1 4-1 5 
with Lissajous patterns, 1 9-20 

i nput resistance, measuring, 29-30 
output resistance, 27-29 
power bandwidth, 26 
phase shift, checking for, 20-21 
square-wave response, 23-24 
test frequencies, 1 9-20 

AND gate 
action in a scanner-monitor 

receiver, 96-98 
operation, checking, 95-96 

AND-OR-INVERT gate, operation of, 
1 03-104 

Audio osci l l ator output resistance, 
30-31 

B 

Bandwidth of horizontal sync 
channel , 67 

Basic 
controls of dual-trace scope, 1 5  
VSM test data, 81 

Basis of m usic-power capability, 23 
Breakdown 

testing technique, 1 35-136 
voltage of an FET, 1 41 

C 

Calibrated 
time base, 1 58 
vertical attenuator, 1 58-159 

Characteristics for a dual-gate FET, 
1 38 
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Checking 
a bi polar transistor, 1 23-1 24 

with a curve tracer, 1 24-1 27 
a catv system,  89 
an afc ci rcuit, 67-69 
antenna imped3.nce, 85-87 
bandpass amplifier curve, 79-80 
for amplifier phase shift, 20-21 
for "hot" osci l loscope case, 1 64 
speaker damping, 31 
sweep-generator output signal, 83 
sync separator action, 65-67 
transistor in-ci rcuit, 1 31 

Chroma demodulators, 74-77 
Color burst, 70 
Common-mode rejection, 1 62-1 63 
Crossover 

c i rcuit operation, 39-40 
network impedance, 38 

D 

Decoder-driver characteristics 
1 1 1 -1 1 4 

' 

Delay l ine operation, checking, 91  
Demodulator probe, medi um 

impedance, 51 
Detectors, series and shunt, 54 
Displaying 

amplifier distortion products, 22 
a vectorgram, 77 

Display of npn and pnp 
characteristics, 1 27-1 28 

Distorted modu lation patterns, 1 51 
Distortion 

in vectorgram patterns, 77-79 
in vi deo signal, 43-44 
pattern vertical ly expanded, 1 8-19 

Dual-trace scope, controls, 15 

E 

Effective values of current, 1 2  



Energy radiation, rf, 1 63 
Estimating resistance values, 1 21 - 122 
Even and odd parity, 1 1 9  

F 

Faulty sync locking action, 68-69 
FET characteristic curves, 1 37 
Fidelity versus bandwidth, 27 
Formation of video-frequency test 

signal , 60 
Forward 

blocking voltage, SCR, 1 41 - 142 
voltage drop of SCR, 1 44 

Frequency 
response, video ampl ifier, 59-60 
ri nging, 24-25 

Full adder, operation of, 1 04-1 06 

G 

Gate trigger voltage for SCR, 1 44-145 
Generator output resistance, 

measuring, 31 

H 

Hold ing current for SCR, 1 43 
Horizontal output drive waveform, 

69-70 

Ideal differentiator action, 1 53-1 54 
If section, signal tracing, 47-48 
Impedance 

characteristic of LC crossover 
network, 40-41 

loops versus thermal loops, 
131 - 1 32 

of crossover network, 38 
of lead-in, measuri ng, 81-82 
speaker, 35 

Inductance, resistance, reactance, 
and impedance, 42 

Input impedance of 
transformer, 36-37 
tv tumer, 84 

Input/output phase relations, 1 9  
Input resistance of ampl ifier, 29-30 
Intermittent receiver, monitoring, 

49-50 

J 
JK 

flip-flop functions, 1 09 
master / slave flip-flop, 1 09 

L 

Latch characteristics, 1 08-109 

LC circuit bandwidth, 1 46 
Li ne-voltage fluctuations affecting 

oscilloscope, 163 
Looping and thermal runaway, 1 30 

M 

Matched transistors, selecti ng, 1 32 
Maximum power transfer, 29 
Measurement of tuner input 

impedance, 85 
Measuring 

beta values of transistor, 127  
gain o f  tv  if stage, 52-53 

Medium impedance demodulator 
probe, 51 

Monitoring an intermittent receiver, 
49-50 

M usic-power 
capability, basis of, 23 
checking ampl ifier for, 22-23 

N 

NAND gate characteristics, 95-96 
Nonli near 

resistance ind ication, 1 27 
transistor current gain ,  133 

NOR gate characteristics, 102 

o 
Op-amp 

characteristics, 151-1 52 
differentiator, 1 53 
scaling adder, 1 56-157 
summer (adder), 1 54-1 55 

Operation of 
color burst amplifier, 73 
4-bit latch, 1 07-108 
1 -of-'1 0 decoder/driver, 1 1 0-1 1 1  
op-amp integrator, 1 51 
qu ick checker, 1 20-1 21 
XOR gate, checking, 1 02 

Options in dual-trace osci l loscope 
functions, 74 

OR gate operation, checki ng, 1 00-1 02 
Oscil loscope immunity to external 

fields, 1 64 
Output impedance 

transformer, 37-38 
transistor, 1 29-1 30 

Output resistance 
audio osci l lator, 30-31 
generator, 31 
of ampl ifier, measuring, 27-29 

Overload recovery, vertical amplifier, 
1 61 - 162 
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p 

Parity checker/generator, operation 
of, 1 1 7-1 18  

Percentage of  ampl itude modulation, 
1 49-1 50 

Phase accuracy, dual-trace 
oscil loscope, 1 60-1 61 

Phase shift versus test frequency, 21 
Pi nchoff voltage of an FET, 1 40 
Power bandwidth, ampl ifier, 26 
Precise measurement of Q value, 94 
Pulse rise times, 93 

R 

Resonant frequency formulas, 
146-147 

Response curve i n  tv receiver, 54-55, 
56-59 

Ri nging,  1 0  
frequency, 24-25 

significance of, 24-25 
test, 93-94 

if transformer, 1 47-148 
of qU3rtz crystal, 81 

Rise time versus cutoff frequency, 
63-64 

Rms voltage values, 1 0  

S 

Saturation voltage and resistance 
ratings, 1 36-1 37 

Schmitt trigger, operation of, 1 1 4-1 1 5  
SCR function, 1 42 
Sensi tivity of tv receiver, measuring, 

47 
Series and shunt detectors, 54 
Shorted or open cable, 89-91 
Signal 

gain of tv receiver, 44-47 
tracing if section, 47-48 

Significance of a r inging frequency, 
24-25 

Si l i con and german ium transistor 
characteristics, 1 24 

Sine-squared pulse and picture 
element, 62 

Sine wave, 1 1  
Sound output waveform, 33 
Speaker 

damping, checking, 31 
impedance, 35 

Square-wave 
check of video ampl ifier, 62-63 
response, ampl ifier, 23-24 
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Stereo separation test, 27 
Subcarrier-sound beat waveform, 72 
Subtraction by op-amp summer, 155 
Symmetrical waveform, 1 1  
Sync-buzz pulse, 64-65 
Sync buzz versus sweep buzz, 65 

T 

Television receiver 
sensitivity, 47 
signal gain, 44-47 

Temperature response of an 
osci l loscope, 1 64-165 

Test 
frequencies, amplifier, 1 9-20 
stereo separation, 27 

Testing diode j unction with a quick 
checker, 1 20 

Time bases, dual -trace oscil loscopes, 
72 

Transconductance of a FET, 1 39 
Transformer 

i nput impedance, 36-37 
output impedance, 37-38 
ratios, 37 

Transistor 
breakdown voltage, 1 34-135 
s3tu ration voltage, 1 36 
waveforms, 1 25 

Triac operation, 1 45 
True/complement zer% ne element, 

operation of, 1 1 5  
Types of chroma demodulator 

arrangements, 77 

V 

Variation in nonli nearity, 1 33 
Vertical 

expansion of distortion pattern, 
1 8-19 

rol l  i n  loop pattern, 1 32-1 33 
sweep system, 70 

Video 
amplifier frequency response, 

59-60 
signal, distortion in,  43-44 
sweep modulation check, 80 

Voltage- and current-operated 
devices, 1 39-140 

W 

Waveform, sound output, 33 

X 

XOR gate characteristics, 1 02-1 03 








