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Be choosey. 
You can afford to with EICO 

The reason EICO's line is the industry's most comprehen- 
sive (100 to choose from!) is because each instrument 
serves a specific group of professional needs. You name 
the requirement-from a resistance box to a VTVM, from 
a signal tracer to a scope, from a tube tester to a color TV 
generator, etc., you can depend on EICO to give you the 
best professional value. Compare these latest (foreground) 
professional instruments at your neighborhood electronics 
distributor. You judge who knows your needs best - and 
serves your needs with the best values! 

21 years of service to the Professional Serviceman. 
Laboratory precision at lowest cost. 

1967 Guideboolk to Professional Test Equipment AVAILABLE 
FREE TO PROFESSIONAL SERVICE TECHNICIANS 
EICO Electronic Instrument Co., Inc. 131-01 39th Avenue, Flushing, N.Y. 11352 

Please send further data on New EICO instruments below: 
#235 Professional VTVM. Measures to 0.01V for transistor servicing. Large 
6" meter. 8DC ranges 0.5V to 1500V. 7 AC P -P ranges to 4200V. 7 AC RMS 
ranges to 1500V. 7 ohms ranges to I00M9. Response 30Hz to 3MHz ± 

1 db. 
Kit $49.95 Wired 564.95 
#380 Solid -State NTSC Color Generator. The first serviceman -priced. True 

NTSC Generator. Extremely compact weighs only 4 lbs. $169.00 Wired Only. 
;:.-1030 Regulated Power Supply. 0-150V @ 2ma, 0-400V up to 150ma, all to t 

of 1% Ripple 3mV. 6.3V & 12.6V, @ 3A. Kft $59.95 Wired $99.95 
#435 Direct -Coupled DC -4. 5MHz Scope. Outperforms 5" scopes 3 times its 
size. Kit $99.95 Wired $149.95 
#567 Professional V -0-M. Measures to 0.005VDC. 7DC ranges to 5KV 
(20,000f2 /V). 5 DC ranges to 10A. 5db ranges. 3R ranges to 20 Meg. Kit $34.95 
Wired $44.95 
=378 Near-Distortionless Audio Generator. 0.1% 20-20, 000Hz Switch selec- 
tion of frequencies from 1Hz to 110KHz. Kit $49.94 Wired $69.95 
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Modern electronic equipment 
demands the use of an 

oscilloscope. These critical 
circuits can be checked 

effectively with the 
information contained here. 

p with the Oscilloscope 

roubleshooting modern elec- 
tronic circuits literally de- 

mands the use of an oscilloscope, 
yet many service technicians ex- 
perience difficulty in learning how 
to use this versatile instrucent. 

Of the numerous service techni- 
cians who have difficulty in employ- 
ing an oscilloscope, many own or 
have used one, but really don't un- 
derstand its functions well enough 
to set it up for proper waveform 
displays. On the other hand, tech- 
nicians who fully understand the 
workings of a scope rate it among 
their most valuable instruments. 

Use of the scope is divided into 
two general categories - signal - 
tracing circuits supplied with ex- 
ternal signals, and checking wave- 
forms in signal -generating stages 
which operate independently of ex- 
ternal signals. Signal tracing is the 
procedure by which the progress of 

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

Troubleshooting RF Amplifier 
When the symptom is "no picture 

and no sound," signal tracing starts 
logically at the front-end - after 
tubes have been checked, of course. 
A typical front-end configuration is 
shown in Fig. 1. The test point 
(often called the looker point) is a 
convenient terminal from which to 
make a preliminary signal -tracing 
test. A low -capacitance probe and 
scope are connected to it, and the 
front-end input terminals energized 
from a TV antenna or from a pat- 
tern or signal generator. If the scope 
has good sensitivity, about an inch 

of vertical deflection will normally 
be obtained from a fairly strong in- 
put- signal. When a pattern genera- 
tor is used, the video waveform in 
Fig. 2 will normally be observed. 

If the scope sensitivity is low, a 
direct probe can be applied to the 
looker point _ although the in- 
creased circuit loading will add to 
the waveform distortion. Even with 
a low -C probe, the reproduced 
video waveform has appreciable dis- 
tortion because the looker point is 

a tap on the mixer grid -leak. Thus, 
between the mixer grid and the 
probe there is a series resistance, 
which acts as a low-pass filter. The 
horizontal -sync pulses are attenuat- 
ed considerably, and the high -fre- 
quency components of video infor- 
mation are lost. Nevertheless, the 
significant consideration is the pres- 
ence or absence of the signal. If ab- 
sent, the front-end components 
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Fig. 1. Typical front-end configuration. 
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Fig. 2. Video waveform present at the 
looker point. 

Fig. 3. AM generator displays a 
sinewave signal. 

must be checked. DC voltages can 
be measured with a VOM or 
VTVM, and resistors with an ohm- 
meter. Capacitors must be removed 
from the circuit and checked on a 
tester (or by substitution) . When 
components a r e inconveniently 
"buried" in a front-end, many tech- 
nicians prefer to send it to a special- 
ty shop for repair. 

There is a reason for using a 
low -C or direct probe at the looker 
point, instead of a demodulator 
probe. The mixer is a heterodyne 
configuration in which the grid cir- 
cuit operates basically as a rectifier, 
and not as an amplifier. (There is 
a small gain through the mixer 
stage, but this is not its primary 
function). The grid normally oper- 
ates at zero bias (or contact poten- 
tial). Should a DC bias voltage be 
fed to the grid, the tube would be 
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Fig. 4. Detection process in mixer tube. 

biased to the midpoint of its char- 
acteristic and operate as an ampli- 
fier instead of detector. No IF sig- 
nal would appear at the plate and, 
for all practical purposes, the mixer 
would be dead. 

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

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

If a TV station signal. is used, a 

changing video waveform is nor- 
mally displayed at the looker point. 
The signal has the basic appearance 
shown in Fig. 2. If an AM signal 
generator is used to drive the front 
end, a sine -wave signal is normally 
observed at the looker point. (Fig. 
3.) . The waveform may or may not 
appear distorted, depending upon 
the signal generator being used. 
Some AM generators have a good 
sine -wave modulation, while others 
have a highly distorted waveform. 
Distorted modulation is not of con- 
cern; only the presence of a signal is 
checked. 

The detector action of a mixer 
tube is indicated in Fig. 4. Partial 
rectification is illustrated. The mod- 
ulated RF input signal has an aver- 
age value of zero, because the posi- 
tive and negative half cycles have 
equal excursions. The output signal 
however, does not have an average 
value of zero. It has a DC compon- 
ent on which the modulating fre- 
quency component is superimposed. 
The modulating frequency is com- 
paratively low, and falls within the 
response range of the scope. Hence, 
the modulating frequency waveform 
is seen on the scope screen. 
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Fig. 5. Diagram of a three -stage video -IF amplifier system. 
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Fig. 6. Typical pattern obtained in an 
IF signal -tracing test. 

Signal Tracing in the If Section 

A demodulator probe is used to 
signal -trace the video -IF section. 
Fig. 5 shows a simplified video -IF 
circuit, with successive test points 
lettered. The lowest signal level oc- 
curs at point A, and the highest at 
point H. The normal signal level at 
point E will be greater than the 
normal level at point D, due to the 
stage gain. However, when making' 
demodulator probe tests, the re- 
verse may seem to be the fact. In- 
put capacitance of the probe causes 
circuit detuning. 

IF amplifiers a r e staggered - 
tuned. In case L3 is tuned to a low- 
er frequency than L2, application 
of the probe at Point E temporarily 
makes it resonant frequency still 
lower. The impedance of the L3 
plate -load circuit becomes abnorm- 
ally low. The stage may appear to 
have a loss instead of a gain. Hence, 
do not consider apparent gain indi- 
cations as meaningful, and look 
merely for the presence of a sig- 
nal. A typical pattern is shown in 
Fig. 6. The scope is deflected at a 
30 -Hertz rate, because the pattern 
is distorted (due to limited probe 
bandwidth), and the vertical sync 
pulse is the most prominent ele- 
ment in the pattern. 

In the example cited, wherein L2 
is tuned to a higher frequency than 
L3 (Fig. 5), applying the probe at 
point D may cause the IF stage to 
break into oscillation. This occurs 
when the probe's input capacitance 
lowers the resonant frequency of 
L2 to about the same value as L3. 
The stage 'then operates as a tuned - 

Fig. 8. Bandwidth is measured be- 
tween the half -voltage peak points. 

plate tuned -grid oscillator. No pat- 
tern appears on the scope screen, 
because the stage is blocked by the 
high signal -developed bias resulting 
from oscillation. Thus, the stage 
may seem to be dead when tested at 
point D, but the false conclusion is 
avoided by observing that a signal 
is found at point E. 

If a signal is found at point C, 
but not at point D, this indicates 
that coupling capacitor C2 is open. 
Little or no signal is normally found 
at decoupling points, such as I, J, 
K, etc. Do not be misled by the 
presence of a small signal at de - 
coupling points. It is difficult to get 
a perfect AC ground at 40 MH3, be- 
cause of the series inductance of 
connecting leads. Thus, unless the 
leads of the decoupling capacitor 
are very short, bypass action is 
somewhat incomplete. When a stage 
does not check out satisfactorily in 
the signal -tracing test, individual 
components in the stage are tested 
next. DC voltages and resistances 
are measured and compared with 
values specified in the receiver serv- 
ice data. Capacitors are tested on 
a capacitor checker, or by substitu- 
tion. 

Poor Picture Qualify 

Trouble in the IF amplifier can 
cause a poor picture -quality symp- 
tom, as illustrated in Fig. 7. 1f a 
laboratory -type (wideband) demod- 
ulator probe is available, the defec- 
tive stage can be located directly by 
a signal -tracing procedure. The vid- 
eo signal is inspected for distortion 
as the probe is moved progressively 
through the IF -amplifier section.. If 
a service -type demodulator probe is 
used, the video signal is so severely 
distorted that the needed indication 
is masked. Therefore an indirect 
troubleshooting method must be 
used. 

A sweep generator is used, in- 
stead of a pattern or signal genera- 
tor. For details of application, the 

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

Fig. 7. IF defect causes poor picture - 
quality symptom. 

reader is referred to 101 Ways to 
Use Your Sweep Generator. Good 
picture quality depends upon ade- 
quate bandwidth and a reasonably 
flat-topped frequency response. Fig. 
8 shows how bandwidth is measured 
between the 6 -dB )half -voltage) 
points. A bandwidth of at least 3 

MHz is required for acceptable pic- 
ture quality. If the top is not rea- 
sonably flat, but sharply peaked, as 
in Fig. 9, picture quality is poor 
even when bandwidth is adequate. 
A sharp peak causes ringing in the 
picture (circuit ghosts). 

Ringing appears as illustrated in 
Fig. 10. When you turn the fine- 
tuning control, the pattern changes 
rapidly. This occurs because the 
picture -IF carrier is being moved 
up or down on the IF -response 
curve. If you bring your hand near 
the IF tube(s) which are in the re- 
generative circuit, the pattern again 
changes rapidly. Because the IF re- 
sponse curve is so sharply peaked 
(Fig. 9), a small change in stray 
capacitance shifts the ringing fre- 
quency considerably. Regeneration 
is also responsive to signal -level 
(AGC bias) changes. The reason 
for this dependency is that the 
sharpness of the peak depends 
greatly on the amount of IF signal 
which is being fed back. When the 
IF gain is reduced less IF voltage 
is fed back. This reduces the ampli- 
tude of the peak and increases its 
bandwidth. 

When the distorting stage is lo- 
calized, the DC voltages and resis- 
tances in the circuit are measured, 
capacitors are checked, and the 
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Fig. 11. Undistorted video signal. 

stage alignment is investigated. 
Alignment of the tuned circuits is 
usually checked last, because poor 
picture quality is most likely to be 
caused by a defective component. 
There is usually only one defective 
component to be localized. If a 
screen -bypass capacitor is shorted, 
however, it sometimes damages the 
screen resistor also, because of ex- 
cessive current drain. 

Picture Pulling, or Loss of Sync 

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

Severe overloading in an IF stage 
can cause a negative picture, when 
the grid -leak resistance is compar- 
atively high. When a picture is com- 
pletely negative, all the tones are 
reversed. When it is partially nega- 
tive, the deep grays and blacks are 
reversed in tone, while medium and 
light grays are reproduced normally. 
Negative picture reproduction is 
caused by modulation reversal, 

whereby positive modulation is con- 
verted to negative modulation. Ex- 
cessive grid -current flow, with suit- 
able circuit constants, results in this 
conversion. 

Hum in the IF Signal 

There are two types of hum volt- 
age which can enter the video sig- 
nal. Power -supply hum may be 
either 60 -Hertz or 120 -Hertz fre- 
quency, depending on the type of 
power supply. Heater hum has a 60 - 
Hertz frequency. A scope is a sensi- 
tive indicator of hum, and shows 
clearly the presence of hum voltage 
at levels below the point at which 
hum bars appears in the picture. 
When the hum level is high, the vid- 
eo signal appears typically as shown 
in Fig. 13, and the picture contains 
hum bars as in Fig. 14. Sync sta- 
bility is often affected when the hum 
level is high. 

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

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

Power -supply hum, however, is 
a generalized source which feeds 
into all the IF stages. The hum com- 
ponent increases from stage to stage, 

Fig. 12. Sync pulses compressed. 

and has its lowest amplitude at the 
first IF grid. When power -supply 
hum is suspected, use a low -C probe 
with the scope, and check for hum 
on the B + supply line. There is al- 
ways some hum voltage present, 
but it should not be greater than 
the value specified in the receiver 
service data. 

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

Low Contrast Versus Stage Gain 

Low contrast in the picture (Fig. 
15) is due to low gain. It is some- 
times necessary to localize a low - 
gain IF stage, to clear up a symp- 
tom of low contrast. Localization is 
uncertain with a demodulator -probe 
test, because of the erratic nature 
of circuit loading imposed by ordi- 
nary probes. However, by using the 
picture detector as the demodulator, 
and using an IF signal -injection 
technique, a low -gain stage can be 
quickly localized. 

The test setup illustrated in Fig. 

Fig. 13. Hum in the video -IF signal. Fig. 14. Strong hum bar in picture. Fig. 15. Picture has low contrast. 
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Fig. 16. Stage -gain test setup. 

16 can be used. Connect a scope 
and low -capacitance probe to the 
picture -detector output, to serve as 
an indicator. Use an AM generator 
as a signal source; and connect a 
270-mmf blocking capacitor in se- 
ries with the "hot" lead, to avoid 
drain -off of DC bias. Clamp the 
AGC line with -1.5 or -3 volts 
DC from a bias box or battery, and 
apply the generator signal first at 
point 1 to drive the input of the pic- 
ture detector. Operate the generator 
on its modulated -output function, 
tune to the mid -frequency of the IF 
band, and advance the generator 
output to produce about a half inch 
of vertical deflection on the scope 
screen. (This is a sine -wave pat- 
tern.) 

Next, transfer the "hot" lead 
from the generator to point 2, the 
grid of the third IF tube. In case 
the third IF stage is operating nor- 
mally, the sine -wave pattern on the 
scope screen will increase in height 
considerably. With - 1.5 volts bias, 
a gain of 5 is typical; however, the 
exact stage gain differs depending 
upon the tube type and circuitry de- 
tails. If the third IF stage is faulty, 
the pattern will increase only a 
small amount in height, or may even 
decrease. In such case, check out 
the components in the third IF. 

The next test is made by connect- 

ing the "hot" generator lead to 
point 3, the grid of the second IF 
amplifier. If the pattern is off -screen 
vertically, go back to point 2 and 
reduce the generator output for a 
suitable pattern height, such as .5 
inch. Then, transfer the generator 
lead to point 3, and observe how 
many times the pattern height in- 
creases. Again, a substantial gain 
should be found. Otherwise, there 
is a defective component in the sec- 
ond IF stage. 

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

This procedure gives a true gain 
figure, because the AM generator 
has low output impedance (the out- 
put cable is terminated usually in 
either 50 or 75 ohms). When the 
generator signal is applied to the 
grid of an IF tube, the low imped- 
ance of the source "swamps out" 
the resonant response of this grid 
circuit, and the following IF cir- 

cuitry operates normally. 

Ground -Circuit Difficulties 

Although ordinary low -imped- 
ance demodulator probes are not 
susceptible to stray -field interfer- 
ence, application problems can arise 
in low-level circuits due to extend- 
ed ground loops. In signal -tracing 
the first -IF stage, e.g., when the 
signal is checked at point A in Fig. 
17, a different pattern may be ob- 
served if the probe is grounded at 
point 2, instead of at point 1. The 
reason is that the separated ground 
points have appreciable reactance 
between them at 40 MH3. If the 
probe is grounded at point 2, the 
voltage difference between points 1 

and 2 is added to the grid wave- 
form. Obviously, if the demodulator 
probe is connected between grounds 
1 and 2, the probe input is not 
short-circuited. Instead, a wave- 
form is seen on the screen when the 
scope is operated at high gain. The 
farther a. pair of 40MH3 grounds 
are separáted, the greater the 
ground -circuit interference. 

Some IF amplifiers have a com- 
mon ground point for all compon- 
ents within a given stage. In such 
case, the possibility of ground -cir- 
cuit pickup is not present. However, 
this is not true of all IF strips, as 
ground points for grid and plate 
circuits may be separated several 
inches, in some chassis. The most 
troublesome ground -circuit interfer- 
ence occurs when the probe is 
moved from one stage to the next, 
without transferring the probe 
ground lead. That is, the signal is 
being checked in the first IF stage, 
for example, but the probe ground 
is connected to the chassis at the 
output of the second stage. This is 
very poor practice, because the 
ground -circuit drop may introduce 

Fig. 17. Grounds (1) and (2) are at dif 
ferent 40 -mc potential. 
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Fig. 19. Signal tracing across a coupling capacitor. 

more signal voltage than is present 
at the first IF grid. 

Signal Tracing in the Video 
Amplifier 

A low -C probe is used when sig- 
nal -tracing in the video -amplifier 
section. Fig. 18 shows a typical cir- 
cuit for the video -amplifier section. 
This is an AC -coupled amplifier. 
Some video amplifiers are DC cou- 
pled, and many utilize only one 
stage. The coupling capacitors in 
AC -coupled amplifiers are checked 
easily in the signal -tracing proced- 
ure. Fig. 19 shows how a low -C 
probe is shifted from input to out- 
put of a coupling capacitor in this 
test. Practically the same undistort- 
ed video signal is found normally 
at either end of the capacitor. 

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

In case an integrated video signal 
is observed, as shown in Fig. 20B, 
decoupling capacitor C4 (Fig. 18) 
would be the suspect. The suspicion 
is confirmed by checking across C4 
with the probe. If video signal is 

J 
1 

A. Normal waveform 

present, the capacitor is open. An 
open decoupling capacitor causes 
integration of the video signal be- 
cause the plate -load resistance is 
thereby increased to an abnormally 
high value. In turn, high video fre- 
quencies are attenuated and shifted 
in phase. Phase shifts in the video 
signal cause picture smear. 

In order to see clearly the na- 
ture of frequency distortion and 
phase shift in a video signal, it is 
helpful to observe a simplified wave- 
form consisting of a hybrid sine and 
square wave, as seen in Fig. 21. 
This waveform normally consists of 
a section of sine wave followed by 
a section of square wave. When 
differentiated, the flat top becomes 
curved downward, showing the loss 
of low frequencies. Also, the sine - 
wave section is shifted in phase, and 
leads the normal wave. The flat top 
becomes curved upward when inte- 
grated, showing the loss of high fre- 
quencies. The sine -wave section is 
shifted in phase, and lags the nor- 
mal wave. 

White Compression 

When incorrect operating volt- 
ages cause a video -amplifier tube 
to compress or clip the video signal 
in the white region (Fig. 22), the 
picture appears muddy and filled 
up. On the other hand, compres - 

B. Integrated waveform. C. Differentiated waveform. 

Fig. 21. Hybrid sine and square waves. 

rit Aseils 

A. Normal video signal. 

B. Integrated signal. 

C. Differentiated signal. 

Fig. 20. Normal and abnormal video 
waveforms found in circuit of Fig. 18. 

sion or clipping of the sync tips 
causes impaired sync lock. Al- 
though sync clipping can occur in 
either the video amplifier or the IF 
amplifier, white compression occurs 
only in the video amplifier. 

If white compression is localized 
to a stage, check the DC voltages at 
the video -amplifier tube(s). Incor- 
rect grid or cathode bias is the most 
common cause, although off -value 
plate and screen voltages are some- 
times responsible. A leaky coupling 
capacitor, or a shorted cathode -by- 
pass capacitor changes the grid and 
cathode bias voltages, respectively. 
Off -value plate or screen voltages 
are usually caused by resistors in- 
creasing in value (although a resis- 
tor occasionally decreases in value) . . 

A leaky screen -bypass capacitor re- 
duces the screen voltage, and a 
leaky plate-decoupling capacitor re- 
duces the plate voltage. An open 
screen -bypass capacitor causes a 
greatly reduced gain figure, and the 
picture has low contrast. 

Gain is checked quickly -by corn - 

Fig. 22. Video signal with white 
portions compressed. 
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paring vertical deflections at the in- 
put and output of the video ampli- 
fier. Since normal gain figures vary 
considerably from one chassis to 
another, check the receiver service 
data. Peak -to -peak voltages at the 
video -amplifier output and input are 
specified. If the gain is normal, but 
the peak -to -peak voltages are low, 
the trouble is in a stage ahead of 
the video amplifier. 

Poor Definition 

If poor picture definition occurs 
in the video amplifier, a signal - 
tracing test with square -wave input 
will disclose the faulty circuit. The 
output from a square -wave genera- 
tor is applied at the video -detector 
output terminal, and a low -C probe 
is connected to the video -amplifier 
output terminal. Poor -definition pic- 
ture, sweep -frequency response, and 
100 -kHz square -wave symptoms are 
shown in Fig. 23. The attenuated 
high -frequency response in the 
sweep -frequency pattern and the 
rounded corners in the 100 -kHz 
square -wave pattern correspond to 
the "wiped out" vertical wedges in 
the test pattern. ' 

The symptoms shown in Fig. 23 
throw suspicion on the load resis- 
tors or peaking coils in a branch of 
the video amplifier. Remember that 
the video -detector output circuit is 
also the video -amplifier input cir- 
cuit. Therefore, if the video -detector 
load resistor increases in value con- 
siderably, the symptoms seen in Fig. 
23 appear. The square -wave sig- 
nal -tracing procedure is useful be- 
cause the distorted response is first 
found at the defective circuit branch. 

A peaking coil is sometimes 
shunted by a damping resistor, as 
indicated in Fig. 18. If the peaking 
coil opens, the circuit is still opera- 
tive through the damping resistor. 
However, high -frequency distortion 
is severe, square -wave corner 
rounding is very evident, and the 

A. Picture 

B. Sweep -frequency response. 

r-- ----- 

L 
C. Square -wave response. 

Fig. 23. Picture, sweep -frequency, and 
100 -kHz square -wave symptoms. 

picture is badly smeared. If a damp- 
ing resistor opens up, or increases 
greatly in value, the usual symp- 
tom is square -wave overshoot (Fig. 
24). A small amount of overshoot 
is not objectionable, and has the 
effect of sharpening the edges of 
objects in the picture, particularly 
when old movie films are being tele- 
vised. However, excessive overshoot 
causes an objectionable "outlining" 
of sharp edges in an image. 

When the chassis has a one -stage 
video amplifier, the tube must be 
driven to maximum output to ob- 
tain normal picture contrast. Unless 
adequate screen and plate voltages 
are supplied to the tube, full con- 
trast may require driving the grid 
into grid -current flow on positive 
peaks. In that case, 'any overshoot 
arising in the grid -circuit branch 
appears as an unsymmetrical over- 
shoot (Fig. 25). On positive peaks 

of drive signal, the low grid -circuit 
impedance damps the peaking -coil 
response excessively, and the lead- 
ing corner of the square wave is 
rounded. On the other hand, during 
negative peaks of drive signal, the 
grid -circuit impedance is high and 
the peaking coil response is un- 
damped by the tube. 

Ringing and Circuit Ghost* 

In case the plate -load resistor of 
a video -amplifier tube decreases in 
value considerably, the high -fre- 
quency response rises excessively. 
In turn, a square wave of pulse 
shows both overshoot and ringing, 
as in Fig. 26. Here, the ringing is 
more prominent on the trailing 
edge, due to grid -current flow on the 
leading edge. Ringing produces "re- 
peats" or circuit ghosts in the pic- 
ture. 

Excessive high -frequency response 
implies subnormal low -frequency 
response. This results in more or 
less tilt in the top of the square 
wave. Tilt also can be caused by 
a nearly open coupling capacitor. 
The picture symptom is lack of a 
solid tone across an image, or 
smear. Severe tilt is apparent in 
Fig. 26, along with the overshoot 
and ringing. 

A valid check for ringing can- 
not be made unless the square -wave 
generator has a sufficiently fast rise 
time. The generator rise time should 
be at least as fast as the video am- 
plifier. According to a rough rule 
of thumb, the rise time of an am- 
plifier is given by one-third of the 
period corresponding to the fre- 
quency 3 dB down at the high end 
In other words, if a video amplifier 
has a 4 -MHz bandwidth, the corre- 
sponding period is 0.25 microsec- 
ond, and the rise time will be about 
0.08 microsecond. Hence t h e 
square -wave generator should have 
a rise time of 0.08 microsecond, or 
less, for a useful ringing test. A 

Fig. 24. Square wave with overshoot. 
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Fig. 25. Square wave that has an 
unsymmetrical overshoot. 

Fig. 26. Differentiation, ringing, and 
overshoot in a square wave. 



Cony e 
TUNER REPAIR 

fla 

Sarkes Tarzian, Inc., largest manufacturer of 
TV and FM tuners, offers unexcelled tuner 
overhaul and factory -supervised repair service. 
Completely -equipped and conveniently - 
located Service Centers offer fast, dependable 
and factory -supervised repair service on all 
makes and models. Centers are staffed by well - 
trained technicians, assisted by engineering 
personnel. 

Most Tarzian-made tuners received one day 
will be repaired and shipped out the next. More 
time may be required on other makes. Every 
channel-not just the channels existing in any 
given area-is checked and re -aligned per orig- 

inal specifications. Exclusive cleaning method 
makes the tuner look-as well as operate- 
like new. 

Cost, including ALL labor and parts (except 
tubes) is only $9.50 and $15 for UV combina- 
tions. No additional charge. No hidden costs. 
Too, you get a full, 12 -month warranty against 
defective workmanship and parts failure due 
to normal usage. 

Always send TV make, chassis and Model 
number with faulty tuner. Check with your 
local distributor for Sarkes Tarzian replace- 
ment tuners, parts or repair service. Or, use the 
address nearest you for fast, factory -supervised 
repair service. 

TUNER SERVICE CORPORATION 
(Factory -supervised tuner service authorized 
by Sarkes Tarzian) 
MIDWEST- 817 N. Pennsylvania St. 

Indianapolis, Ind., Box 1642 
Tel : 317-632-3493 

EAST 547-49 Tonnele Ave., Jersey City, N. J. 
Tel : 201-792-3730 

SOUTH -EAST -938 Gordon St., S. W. 
Atlanta, Georgia 
Tel : 404-758-2232 

Circle 2 on literature card 

WEST-- 

SARKES TARZIAN, Inc. 
Tuner Service Division 

10654 Magnolia Blvd., 
N. Hollywood, Calif. 
Tel: 213-769-2720 



WHYrisk your reputation 
with "just -as -good" capacitors? 
When you pay little or no attention to quality in tubular 
replacement capacitors, you leave yourself wide open for 
criticism of your work ... you risk your reputation .. . 

you stand to lose customers. It just doesn't pay to take a 
chance on capacitors with unknown or debatable performance 
records when it's so easy to get guaranteed dependable 
tubulars from your Sprague distributor! 

There's no "maybe" 

with these 2 great 

SPRAGUE DIFILM TUBULARS! 
The ultimate in tubular capacitor construction. Dual 
dielectric ... polyester film and special capacitor tissue .. . 

combines the best features of both. Impregnated with HCX®, 

an exclusive Sprague synthetic hydrocarbon material which 

fills every void in the paper, every pinhole in the plastic 
film before it solidifies, resulting in a rock -hard capacitor 
section ... there's no oil to leak, no wax to drip. Designed 
for 105°C (220°F) operation without voltage derating. 

SPRAGUE 
.05 MFD.±10% / soouoc. 

DIFILM® BLACK BEAUTY® 

Molded Tubular Capacitors 

The world's most humidity -resistant molded capac- 
itors. Tough, protective outer case of non-flamma- 
ble molded phenolic . . . cannot be damaged in 

handling or installation. Black Beauty Capacitors 
will withstand the hottest temperatures to be 

found in any TV or radio set, even in the most 
humid climates. 

DIFILM® ORANGE DROP® 

Dipped Tubular Capacitors 

A "must" for applications where only radial -lead 
capacitors will fit ... the perfect replacement for 
dipped capacitors now used in many leading TV 
sets. Double -dipped in rugged epoxy resin for posi- 
tive protection against extreme heat and humidity. 
No other dipped tubular capacitor can match 
Sprague Orange Drops! 

For complete listings, get your copy of Catalog C617 from your 
Sprague distributor, or write to Sprague Products Company, 
105 Marshall Street, North Adams, Massachusetts 01247 SPRAGUE® 

THE MARK OF RELIABILITY 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 

Circle 3 on literature card 
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ABOUT THE COVER 

The physical and electrical design of 
electron tubes has changed drastically 

since Professor A. J. Fleming developed 
the Fleming Valve in 1896. Our cover this 

month provides graphic evidence of this 

change. The large tube on the left is a 

WE -205B general purpose triode, patented 
in 1916. On the right is a 6054 Nuvistor 

type high -mu triode of more recent vintage 
(1961). Imagine the size and weight of 

those 1916 tube caddies. Thanks to 

progress, the tubes listed in the annual 
TV tube stock guide on page 24 of 

this issue are smaller and lighter. 
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ONE VALUAB 
This certificate is redee rn 
doors" Headquarters, P.O. 

N. J.07606 in required qua it 
in the RCA "Great Outdoo 
ticipating RCA Tube Diatn 

Valid for redemption until 
1967. Good only in the U.S. 

prohibited, taxed or restricted. Cas 
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THE MOST TRUSTED NAME IN E 

Choose from a great selection of prizes avail- 
able to you with RCA's GREAT OUTDOORS 
prize certificates. These valuable prize certifi- 
cates are free with your purchase of RCA 
entertainment receiving tubes from your par- 
ticipating RCA Tube Distributor at the rate 
of one certificate for every ten RCA receiving 
tubes purchased. (Optional with RCA Tube 
Distributors.) 

1. 30-42 Skil Portable Electric Saw. 76 Cert. 
2. 30-45 Black and Decker Drill Kit. 46 Cert. 
3. 30-90 Thor 41/2" Bench Grinder. 55 Cert. 
4. 30-85 Skil 1/a" Variable -Speed Drill. 53 Cert. 
5. 30-20 Wen Sabre Saw. 53 Cert. 
6. 32-324 Atlantic "Comparto" Golf Bag. 62 Cert. 

IAI552 

RAD IO T RON 

- -- ELECTRONTUBE 

cI: Nir.s 

7. 32-89 Spalding "Jerry Barber" Golf Woods. 
56 Cert. 

8. 32-91 Spalding "Jerry Barber" Golf Irons. 
94 Cert. 

32-356 Set of 3 Bobby Nichols "Grand Slam" 
Golf Woods. 107 Cert. Not illustrated. 

32-357 Set of 5 Bobby Nichols "Grand Slam" 
Golf Irons. 119 Cert. Not illustrated. 

9. 32-319 Wilson "Flag -Hi" Golf Balls. 25 Cert. 
10. 32-344 Wilson "Tom Gola" Basketball. 18 Cert. 
11. 32-123 Vicki Double Table Tennis Set. 13 Cert. 
12. 32-336 "Tahiti" One -Man Boat. 124 Cert. 
13. 32-251 Lund Combination Water Skis. 73 Cert. 
14. 32-369 Allan Marine 75' Ski Tow Rope. 13 Cert. 
15. 32-339 Union Steel Two -Tray Plastic Tackle Box. 

10 Cert. 
16. 32-253 Zebco Rod and Reel Combination. 

26 Cert. 

10 

11 

13 

15 

38 

17. 20-328 Jack Nicklaus Golf Jacket. 42 Cert. 
18. 20-593 Arrow "PinHi" Golf Shirt. 17 Cert. 
19. 20-588 Hickok Dacron -Cotton Golf Slacks. 

Unpleated. 33 Cert. 
19. 20-589 Hickok Dacron -Cotton Golf Slacks. 

Pleated. 33 Cert. 
20. 31-30 Central 20" Lawn Spreader. 32 Cert. 
21.31-21 Wiss Hedge Shears. 12 Cert. 
22. 31-51 Village Blacksmith Precision Lopping 

Shears. 9 Cert. 
23. 31-28 Air Capital Power Mower. 141 Cert. 
24. 31-18 Melnor Oscillating Lawn Sprinkler. 

14 Cert. 
25. 31-61 Skil Hedge -Trimmer. 63 Cert. 
26.46-135 Crestline Portable Folding Brazier. 

27 Cert. 
27. 46-63 Hamilton-Skotch Kooler. 19 Cert. 
28. 31-22 Melnor Roll 'N Reel Sprinkler. 49 Cert. 
29. 31-24 Reinforced Garden Hose. 13 Cert. 
30. 46-120 Shott Contoured Aluminum and Webb 

Chair. 24 Cert. 
31. 46-119 Shott Aluminum and Web Chaise. 

40 Cert. 

47 

50 



32. 46-141 Bunting Aluminum Ball -Glide Chair. 
95 Cert. 

46-142 Bunting Aluminum Spring Base Chair. 
95 Cert. Not illustrated. 

33. 32-272 Schrade Utility Knife. 8 Cert. 
34. 32-230 Gold Medal Yacht Chair. 38 Cert. 
35. 46-65 Macon Folding Garden Umbrella. 

57 Cert. 
36. 46-64 Hampden Steel Umbrella Table. 42 Cert. 
37. 20-343 Man's Puritan Ban -Ion Knit Shirt. 

30 Cert. 
38. 20-596 Arrow Decton Plainsman Short -Sleeve 

Sport Shirt. 14 Cert. 
39. 20-591 Breier Suede Blouse -Jacket. 102 Cert. 
40. 20-344 Puritan Imported Alpaca Cardigan. 

69 Cert. 
41. 51-46 Hawkeve Standard "8" Movie Camera. 

62 Cert. 
42. 51-123 Kodak Instamatic Super "8" Camera. 

120 Cert. 
43. 32-362 Shakespeare Deluxe Archery Set. 

81 Cert. 
44. 51-45 Vicki Field Glasses. 21 Cert. 

45. 43-38 Men's Samsonite 21" Companion Case. 51. 32-70 South Bend 6 -Player Croquet Set. 26 Cert. 
65 Cert. 52. 32-279 Spalding Pancho Gonzales Tennis 

46. 43-39 Men's Samsonite "Silhouette" Luggage Racket. 18 Cert. 
Two-Suiter. 107 Cert. 53. 32-286 3 Dunlop Tennis Balls. 6 Cert. 

47. 32-349 Wilson Ranger Adult -Size Sleeping Bag. 
57 Cert. 
Samsonite "Silhouette" Luggage For 
Women. Specially designed for jet -age 
travel. 

54. 

55. 

56. 
57. 

32-75 George Young Baseball and Bat Set. 
8 Cert. 

32-148 Rawling Mickey Mantle Fielder's Glove. 
26 Cert. 

32-125 Vicki Double Badminton Set. 26 Cert. 
46-149 Full -Smoker Patio Wagon. 77 Cert. 

48. 43-37 26" Pullman. Dover White. 107 Cert. 58. 32-271 12 -Pc. Camp Cookware Set. 22 Cert. 
48. 43-36 26" Pullman. Oxford Grey. 107 Cert. 59. 46-49 Hamilton-Skotch "Cold-Flyte" Gallon 
49. 43-33 15" Beauty Case. Dover White. 61 Cert. Jug. 12 Cert. 
49. 43-32 15" Beauty Case. Oxford Grey. 61 Cert. 60. 46-46 Hampden Picnic Table with Benches. 
50. 43-35 21" O'Nite Case. Dover White. 65 Cert. 89 Cert. 
50. 43-34 21" O'Nite Case. Oxford Grey. 65 Cert. 61. 46-127 Thermos Outing Kit. 28 Cert. 

Get RCA "Great Outdoors" Certificates FREE with your purchases of RCA Entertainment 
Receiving Tubes from your local narticinetina RCA Tuhe flistributor! 

Electronic Components and Devices, Harrison, N.J. 

® 
THE MOST TRUSTED NAME IN ELECTRONICS 



COMPLETE OVERHAUL 

ON ALL MAKES 

OF TV TUNERS 
Maximum Time In Shop 24 H 

(WE SHIP C.O.D.) 

$9.50 

UV 15.00 

Price includes all labor and part 
except Tubes, Diodes & Transistor 
If combo tuner needs only one un 
repaired, disassemble and ship onl 
defective unit. Otherwise there wi 
be a charge for a combo tuner. 
Ship tuners to us complete wit 
Tubes, Tube Shields, Tuner Coy 
and all parts (including) any broke 
parts. State chassis, model numbe 
and complaint. 

All tuners are serviced by FACTOR 
TRAINED TECHNICIANS with year 
of experience in this specialize 
field All tuners are ALIGNED T 
MANUFACTURERS SPECIFICATIO 
on crystal controlled equipmen 
and air checked on monitor befor 
shipping to assure that tuner i 

operating properly. 

GEM CITY TUNER 

REPAIR SERVICE 
Box 6 Dabel Station 

2631 Mardon Drive 

Dayton, Ohio 45420 

LETTERS TO 
the BDITOß 

Dear Editor: 
I would appreciate any tips you con 

offer to help me free frozen iron cores 
in small coils. 

Horizontal oscillator coils, quadrature 
coils, etc. do drift a little and need a 

touch up once in a while. 
Today I had to pull a chassis and re- 

place a coil because I tried to eliminate 
a little buzz. This slug was to tight that 
I twisted the entire coil form out of its 
mounting. 

1 just received a new coil from an orig- 
inal manufacturer - after a 1 -month 
wait. The original coil was ruined when 
I tried to adjust it. The authorized deal- 
er for this brand had advised that tuner 
cleaner sprayed in the coil form would 
loosen the slug. Needless to say, it didn't. 

Over the past years, I have tried sold- 
ering irons, oil, and cement solvent. The 
only way I can get some of them out is 
to break them out piece by piece and 
then insert new slugs. 

Help! 
A DUBUSLEY 

Riverdale, Md. 
Do any readers have a solution for 

Mr. DuBusley?-Ed. 

Dear Editor: 
Thank you for printing in the Trou- 

bleshooter in the October, 1966 issue of 
PF REPORTER the trouble I had with the 
yoke in a Philco TV. 

The trouble turned out to be a short 
between the horizontal and vertical 
windings of the yoke, just as you had 
answered me and printed in the column. 

Thanking you once again. 
FRANK SPZPIECH 

Newark, New Jersey 

This long distance troubleshooting is 
difficult, but due to the years of experi- 
ence represented on our staff, we have 
compiled an excellent average of correct 
.solutions.-Ed. 

MOVING? 
Don't lose touch . . . 

RECEIVE PFR AS USUAL 

(INCLUDE OLD AND NEW ADDRESS) 

PF REPORTER 

CIRCULATION DEPT. 

4300 W. 62nd St., 

Indianapolis, Ind. 46206 

when the cable 

goes down the 

gutter... does the 

picture go down 

the drain ? 

Not with Columbia Wire's new 

ultra -low loss shielded 

Permafoam transmission 

cable! You can tape it to the 

antenna mast ... run it down 

gutters ... tape it to down- 

spouts ... lead it in by the 

quickest, easiest route . . 

and there's never any pickup 

interference! And the antenna 

terminals are already installed 

for you ... so you get the job 

done faster than you ever have 

before ... easily terminated 

Shielded Permafoam cable 

makes set hookup more 

profitable. Ask for a spec sheet 

at your distributor. 

Available in 50', 75' and 100' 
coils - 500' spools and 
1000' reels. 

Q 

Ci 

fl 
41:2I 

1=1 

WIRE PRODUCTS COMPANY 
2850 Irving Park Rd., Chicago, III. 60618 

Circle 4 on literature card 
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B&K MODEL 970 RADIO ANALYST 

SERVICE AM & FM 
AUTO AND TRANSISTOR RADIOS 

AT A PROFIT! 
Jobs that used to be unprofitable now go so quickly that you can make 
good money handling them! There are millions of auto radios and tran- 
sistor radios in the field-portables, auto and table models, plus hi-fi 
and communications equipment. Instead of turning them away, you can 
turn them into money-makers with the B&K Model 970 Radio Analyst. 

The 970 is effective because it's accurate and complete. Using the 
famous B&K signal injection technique, this all -in -one instrument pro- 
vides the required do power, lets you test power and signal transistors 
in and out of circuit; generates RF and audio signals, and includes a 
rugged, accurate VOM. Four functions in one compact package-with 
solid state reliability, B&K professional quality. 

LOW INVESTMENT -QUICK RETURN 
See your B&K Distributor or write for Catalog AP22-R Net $19995 

HET 
B & K MANUFACTURING CO. 
DIVISION OF DYNASCAN CORPORATION 
1801 W. BELLE PLAINE AVE. CHICAGO, ILL. 60613 

Export: Empire Exporters. 123 Grand St., New York 13. U.S.A. 

FEATURES: 
BUILT-IN POWER SUPPLY 
Auto Radios-High current, low -ripple, for 
transistor, hybrid, and vibrator types. 
Transistor Portables -11 to 12 volts for 
battery substitution-plus separately vari- 
able voltage tap for bias. 

QUICK AND ACCURATE TESTING OF 
POWER AND SIGNAL TRANSISTORS 
In-Circuit-stage by stage DC signal injec- 
tion and sensitive metering of power supply 
current. 
Out-of-Circuit-Direct Beta and Leakage 
meter scale readings. Easy balancing or 
matching. 

VERSATILE SIGNAL GENERATORS 
RF Generators-provide broadcast and IF 
frequencies for both AM and FM bands. 
Audio Generator-for AM or FM modula- 
tion of the RF signals, and for trouble- 
shooting audio circuits. 

RUGGED VOM 
Volt-OHM-Milliammeter-with rugged, 
taut band meter-provides correct ranges 
for easy, fast servicing of all home and 
auto radios, as well as transistor portables. 

Circle 6 on literature card April, 1967/PF REPORTER 15 



New Jerrold Colorpeak" 
VHF Antenna weathers any 

reception problem 

Here's one outdoor antenna 
that stays put-even in a howling 
storm. The new Jerrold Colorpeak 
300 -ohm VHF -FM Antenna. 

Colorpeak is a high gain an- 

tenna with unusual flatness across 
the entire VHF -FM band. It picks 
up strong, clear signals-even in 

difficult reception areas-because 
of its excellent front -to -back ratio. 

And it's built as rugged as a tank. 

Vibration -proof point -contact ele- 
ment locks, corrosion -resistant 
Golden Armor Coating and tough 
Cycolac insulators make each in- 
sulating mount a strong point. No 
shorting out because of icing. No 
wavering image as wind whips 
through the antenna. No flimsy 
criss-cross conductors for transfer 
of the signal. Jerrold Colorpeak 
quality construction sees to al I that. 

Jerrold Colorpeak antennas, 

like Jerrold VUfinder, Paralog Plus 
and Pathfinder antennas, assem- 
ble faster than any other antenna 
made today. All parts snap into 
place-anywhere-on the ground 
or on the roof. For hook-up ease, 

Colorpeak lead connections are 
made close to the mast. 

For more details on the 
Jerrold Colorpeak antenna, see 
your Jerrold distributor. 

JE RIO LP 
Focusing on one thing- 

better reception. 

16 PF REPORTER April, 7967 
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THE 
ELECTRONIC 

SCANNER 
news of the servicing industry 

1966 Was Record Year 

Final tabulation of December distributor sales by 

the Electronic Industries Association's Marketing Serv- 
ices Department confirms industry estimates of sales 
records in all major product categories. 

While all consumer electronic products have par- 
ticipated in the rise, attention has centered on color 
television. Only 100,000 color sets were sold in 1956 
along with 7.4 million black -and -white units. In 1966, 
4.7 million color sets were sold out of a total of nearly 
12 million units. While color has increased nearly 
370% in the decade, black -and -white has stabilized 
at about 7 million sets. Predictions for 1967 look for 
color TV sales of over 7 million units, with black - 
and -white at only slightly lower levels than last year. 

In the last 10 years radio has grown spectacularly 
despite television. The total U. S. radio market is 

estimated to have grown from sales of 15 million units 
in 1956 to 44 million in 1966, including imports, a 
large percentage of which are produced abroad for 
U. S. manufacturers. 

FM has added another dimension to the radio ren- 
aissance. FM or AM/FM sales to dealers in 1956 
were a negligible quantity. In 1966 estimates are that 
FM or AM/FM factory sales amounted to 11.7 mil- 
lion units, approximately 27% of the total U. S. radio 
market. The growth in FM has paralleled the increase 
in FM stations from 530 in 1956 to over 1,500 in 1966. 

Total sales of phonographs (excluding TV -phono- 
graph combinations) in 1966 were 6.1 million units, 
50% above the 4 million units sold in 1956. Stereo- 
phonic sound, both in records and radio, has been 
the chief factor of growth, literally adding a new 
dimension to reproduced sound. 

The real gainers in the phonograph field were radio - 
phonograph combinations. 450,000 such units came 
out of U. S. factories in 1956 (11% of the total that 
year). In 1966 sales had increased fourfold to 1.8 

(please turn to page 69) 

only picture tube analyzer 

that tests all color tubes 

as they should be tested! 

NEW LECTROTECH CRT -100 
PICTURE TUBE ANALYZER 

Does everything . . . you would need all three units of 
the leading competitive brands to equal the perform- 
ance of the Lectrotech CRT -100. No other brand has all 
the features .. 

Line voltage adjustment (to insure all tube voltages are 
correct regardless of line voltage). 
Critical Grid -to -Cathode Leakage is read on sensitive 
meter for greatest accuracy. 
Leakages in all other elements are indicated on neon 
lamp. 
Tests all black and white and all color tubes for leakage, 
shorts and emissions. 
Tests each color gun separately. 
Tests each color gun to a standard set of test condi- 
tions. With variable G-2 voltage, each grid is normalized 
to a reference cut-off voltage. This method is used by 
tube manufacturers and simulates tube performance in 
color receiver. 
Rejuvenates and removes shorts on both color and black 
and white tubes for increased brightness. 
Life expectancy test, predicts remaining useful life of 
both color and black and white picture tubes. 
Continuously variable G-2 voltage for all tubes, present 
and future, including new 15 inch color tubes. 
Complete plug-in cables for easy replacement. 
Complete self-contained black and white socket assem- 
bly. No adapters to lose or cables to break. 
Including Pilot Light. 

Only 8960 net 

See your thstributor or write DEPT. PF -4 
ONE YEAR WARRANTY 

LECTROTECH, INC. 
1221 Devon Ave., Chicago, Illinois 60626 

Circle 8 on literature card 
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Color 
them 

Channel Master's Crossfire Antenna Series has 
...More dealers prefer Channel 

Master to any other brand (2 to I 

by survey of leading trade maga- 
zine). 

...More have been sold (and 
are still being sold) than any oth- 
er antenna in the history of tele- 
vision. And dealer acceptance 
is still growing. 

...More dealers bought Cross- 
fire antennas in January and 

February than in any previous 
first two month period. 

No wonder other antenna manufac- 

turers try so hard to re -work their own 

designs along the famous Channel Master 

Crossfire lines. 

But it just can't be done. 

Legally, the Crossfire series is 

protected by five U.S. patents or pat- 

ents pending. 

And, in terms of mechanical and 

electronic design, the Crossfire series 
maintains a standard that has never 

been equalled. 

Take mechanical design, for instance. 

Crossfire antennas have weathered six 
tough winters, verifying structural sup- 

eriority originally proven in wind tunnel 

tests at the University of Miami hurri- 

cane test labs. Channel Master dealers 

...who have just recorded the biggest 

first -two -months Crossfire sales in 

history...can tell you many of those - 

antennas went up to replace less rugged 

makes that couldn't take the winter 
storms. 

Most, of course, were teamed up with 

new set sales to meet the critical de- 

mands of color reception. Because, 

when it comes to electronics, Channel 

Master Crossfire Series antennas set 

the industry pace for clean, crisp color 

as well as outstanding black and white 

and FM Stereo. 

In seven VHF modelsof Color Cross - 

fires, electronic leadership takes the 

form of Proportional Energy Absorption 



our competition green with envy. 
and gain -boosting Tri -Band Directors. 

Then there are the 82 -channel Ultradyne 

Crossfires...6 of them...with the most 

advanced, self -coupling, UHF section 

ever developed, plus all the Color 

Crossfire features. Finally, the Coloray 

group provides television's first elec- 

tronic ghost -killing service in an 82 - 

channel model and two VHF/FM models. 

All are finished with Channel Master's 

famous golden E.P.C....the coating 

that has been adopted by the military 

because of its weather protection. 

Channel Master dealers know green 

is the color of envious competition. But 

they also know green is the color that 
lines their cash drawers when they meet 

the critical demands of Color head on 

with Channel Master Crossfire Antennas. 

Only Channel Master gives dealers full 
profit...then protects that profit from 

mail order and discourter inroads. 

Color your cash drawer green. Call 
your Channel Master Distributor. 

CHANNEL MASTER® 

lee. i:. 
Ultradyne Crossfire 
Model 3634-G 

ELLENVILLE, N.Y. 01967 Channel Master Corp. 



he saddest words a customer 
ever hears are these: "I'm sorry, 
Mrs. Jones - your picture tube's 
out in this color set." I don't know 
who it was that said, "I'd rather be 
right than be President," but he 
wasn't in any trouble at all com- 
pared to you. You've got to be 
right. If you're not, you'll be in 
pretty bad shape-Nice new pic- 
ture tube all installed, degaussed 
and ready to set up (and charged 
to your open account at the local 
parts supermarket) and here you 
still have the same old trouble! It 
was in the set and not the tube! 
Therefore, let us discuss some ways 
of making sure that it is that big 
tube and not chassis trouble. 

The first, and probably the most 
frequent symptom of this kind of 
trouble is "miscoloration"; green, 
red or blue pictures. This can show 
up suddenly, or gradually over a 
long period of time. Or, just to 
make life more exciting, it can be 

intermittent. There are three guns 
in the tube, so we can have trouble 
with any one while the others are 
good. We'll have the same troubles 
we've been having in B -W tubes 
for a long, long time. They're not 
too hard to pin down-if we use 
our heads (and a good picture tube 
tester's a lot of help, too.) 

If you don't have a CRT tester, 
there are some tests that can be 
made with meters and the calibrated 
eyeball that will produce a lot of 
information. I still like to use the 
CRT checker, too. You can't have 
too much information, not in this 
business. There are about three or 
four different tests we can make, 
and it's better to use 'em all, just 
to make sure. Our business is to 
know the things that could cause 
the symptoms we see on the screen, 
and not overlook any pqssibilities, 
no matter how remote they may 
seem. These tests will be discussed 
in turn with the symptoms on which 
they are most effective. 

CRT Troubles 

There are two kinds of CRT 
troubles: One, the grid -cathode 
short which turns the gun full -on. 
We get the classic "Can't turn the 
drive down at all" symptom. Two, 
some trouble that can kill one gun 
entirely; for instance, an open 
screen. (Don't tell me it can't 
happen, either.) While all we get in 
a B -W tube is an "uncontrollable 
picture" or "no raster," we get a 

lot of lovely symptoms in color 
picture tubes. If we short one gun, 
that color goes full -on, and the pic- 
ture turns a bright green, red, or 
blue. If we lose one gun completely, 
the picture is a combination of the 
remaining two colors. For example, 
losing a green gun would leave the 
picture purple. (magenta, shma- 
genta-it's purple to me!) No blue 
gun. the picture's yellow, etc. So 
there's our first clue. Look for a 
color that is either wide-open, or 
completely gone. 

picture tube 
or chassis' 

Jack Darr 

Fig. 1. The classic three -triode color amplifier. 

Are you at a loss 
to pinpoint the 

trouble in a color 
receiver? Read 
the guideposts 

defined here. 

In a color set, if a gun is shorted, 
and full -on, we can turn the screen 
control down and reduce the 
brightness. This means nothing! 
Ab-so-lutely nothing! We could do 
the same thing in a B -W tube, IF 
we had a screen voltage control. So, 
don't be fooled by this reaction. The 
"control" of the tube is in the vari- 
able voltage between the grid and 
the cathode. The video varies the 
cathode voltage and the color varies 
the control grid voltage. If these 
elements are shorted, that gun isn't 
going to work. 

The 'Built -In Fake' 

Our business is to know all of 
the possible defects that could look 
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like a bad picture tube. Remember 
that we have in the color amplifier 
circuits something that can fake 
a bad color picture tube so exactly 
that there's no way of telling which 
is which unless we dig into it. Fig. 
1 shows a basic schematic of the 
3 -triode color amplifier/matrix cir- 
cuit used in RCA, Motorola, and 
many other sets. These triode tubes, 
three plate -load resistors, three 
coupling capacitors-all kinds of 
possibilities for trouble. 

The control grid voltage for each 
gun of the picture tube depends on 
the voltage drop across the three 
load resistors R1, R2, and R3. This 
is controlled by the tube's plate 
current, which is controlled by the 
grid bias, which is affected by any 
small leakage in the coupling capa- 
citors, and on and on! A one milli- 
ampere change in plate current can 
cause a change of 15 volts across 
a 15K plate load resistor, and it 
doesn't take much leakage in a 
coupling capacitor to cause a 1 -ma 
change in plate current. Since the 
plate voltage will go less positive as 
the plate current increases, this 
makes the grid voltage for that gun 
less positive, down goes its output, 
and the associated color. So, out 
goes one gun, the typical "bad pic- 
ture tube" symptom. 

Other sets use different color 
amplifiers, many using high level 
demodulators that drive the color 
picture tube grids directly. Fig. 2 
shows a circuit used in Motorola's 
TS -914D chassis. As you can see, 
the two plates each drive a CRT 
grid, and the green grid is con- 
trolled by the -LE8's screen grid. 
When the green signal arrives, both 
plates conduct at the same time and 
the screen current falls (the tube 
is designed to do this) . So, the 
screen voltage goes up, or more 
positive, and the green gun con- 
ducts. If the screen resistor should 
open up, we'd have a "no screen, 
no green" symptom. There is no 
limit to the odd conditions you can 
find from various combinations of 
faults in any of these circuits. So 
there is always the possibility of 
having some tube or part defect 
that will kill one gun or kick it 
wide open, thus faking a bad pic- 
ture tube. To make sure, check all 
operating voltages in demodulator 
and color amplifier stages before 

RED 

9 

G1 

Là 

RED BLUE GREEN 

V V V 

r -- 

PICTURE TUBE 

Fig. 2. -LE8 tube used as 

you make that final judgment. 
In several of the older RCA 

chassis such as the CTC4 and 
CTC5, watch out for plate load re- 
sistors in the color amplifiers which 
have changed in value. These will 
be a pair of 1 -watt 56K's in paral- 
lel in the CTC4's (in most runs; 
some of them are different) , and 
10K's in the CTC5's. If one of these 
goes down in value, it will cause 
the corresponding color to come up, 
and you get a false "one -color" 
symptom. 

Grid emission in these color am- 
plifier tubes-12BY7's in the CTC4 
and 12BH7 in CTC5-can also 
cause some odd troubles. Check 
them thoroughly to make sure, or 
replace. Incidentally, if you have 
a tube tester that can read grid - 
emission reliably, check all of the 
tubes in the color section; you can 
clear up some very mysterious cases 
of trouble this way. 

'Fake 'em Out' Yourself 

It isn't a bad idea to do a little 
bit of faking yourself, especially 
when you run across a new circuit. 
See just what symptoms certain de- 
fects will cause. You can lift resis- 
tors to kill voltages, simulate leaky 
capacitors by bridging them with 
a resistor, and so on. Pulling tubes 
simulates what would happen if 

that tube went dead. Sometimes, the 
results will come out the exact op- 
posite of what you expected, but 

high-level demodulator. 

there will always be a logical rea- 
son for it. 

The Video Amplifiers? 

We're most apt to get faked out 
by troubles in the color amplifiers. 
While the video amplifiers can af- 
fect the picture in several ways, 
they will always affect all three 
guns at once. A genuine picture - 
tube trouble will almost always af- 
fect only one gun or color. Not in 
100% of the cases, as we'll see, 
but in by far the majority. 

The video amplifier controls the 
picture contrast and brightness. 
Usually there is direct coupling all 
the way back to the video detector, 
and sometimes you'll find the 
brightness control hiding way back 
in the first video grid circuit. Often 
though, it's in the cathode circuit 
of the video output tube, as in Fig. 
3. Note that the contrast control is 
a feedback or degeneration control, 
since it puts in or takes out more 
of the big electrolytic capacitor. 
This doesn't change the bias voltage 
since it doesn't vary the resistance. 
The brightness control is the 'bias 
adjustment' for this tube-and the 
CRT too, since the CRT cathodes 
are direct -coupled to the video 
amplifier plate. 

Therefore, we can have video 
amp troubles that might fake CRT 
trouble. For example; "slow -heat- 
ing picture tubes" have turned out 
to be slow -heating video tubes! If 
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Fig. 3. Many parts in video amp affect CRT voltages. 

you get a set with a slow -warm-up 
complaint, always check the high 
voltage, bias on the CRT, and the 
B + voltages. Put the video output 
tube in a tube tester and check the 
warm-up time with a watch. A great 
many tubes now have a standard 
warm-up time of 11 seconds. This 
same test can be applied to the 
picture tube, to settle any doubts. 
It should be warmed up and ready 
to go inside of not more than 15 

seconds. Actually, a slow -heater 
isn't too bad, when you consider 
what it woud cost to cure it! I'll sit 
and wait for quite a while before 
I'll replace a picture tube just to 
get the raster on ten seconds sooner! 
(Incidentally, quite a few color sets 
have automatic delay devices, like 
the old RCA CTC7's). 

Permanent Impurities 

Once in a while you'll find per- 
manent impurities in a color set. 
These are small areas of color on 
the screen, usually near the edges. 
First, of course, degauss very thor- 
oughly; the problem might be some 
kind of residual magnetism that the 
automatic degausser can't handle. 
If the impurity remains, and you 
can't find any large pieces of metal 
that could be the cause, it may be 
a defective picture tube. 

In some stubborn purity cases, 
you may find that each raster 
(R,B,G) is pure, but the overall 
B -W raster shows faint impurities 
of a complementor color; yellow, 
cyan, or magenta. This is caused 
by weak phosphor areas. For in- 
stance, if the red raster has a small 

area where the phosphor is weak, 
the B -W raster will show a cyan im- 
purity. The only cure is to replace 
the CRT. Impurities of this nature 
are usually very weak, almost un- 
noticeable on color transmission, 
and most customers prefer to live 
with it, rather than buy a new tube. 

In rare cases, impurity may be 
caused by an internal arcover from 
the HV terminal on the bell to the 
mask. In one case I worked on, 
there were two very small areas of 
red and green about 2 inches wide, 
in the upper left corner. But these 
areas only showed up when the 
brightness was turned full -up. This 
tube was known to have arced in- 
ternally before this appeared, and 
it didn't bother normal viewing, so 
the tube was not changed. However, 
in serious cases, the tube would 
have to be replaced. 

Down to Cases 

You'll find all kinds of assorted 
symptoms. So, be sure to check 
them all out thoroughly before you 
make that final decision. For in- 
stance: 

In an RCA CTC12, the trouble 
was very intermittent; one of those 
nice "once every day or two" de- 
fects. Green flashes, but they would 
not stay there. The screen turned 
a greenish blue, lost focus and 
showed heavy retrace lines. So, we 
thoughtfully checked the base con- 
nections and found that they were 
in fine shape, confound it. Picture 
tube checked fine on the CRT test- 
er, hot and cold. 

We checked the color amps, de - 

mods and all controls, of course. 
To make a long story a lot shorter, 
this was a bad picture tube! After 
protracted cooking at high line volt- 
age, we could tap the neck of the 
tube and make it act up. We re- 
moved the chassis and hooked the 
set up with extension cables, putting 
the chassis on the bench so that the 
tapping couldn't possibly affect any 
of the chassis parts. Then, we 
banged on both of them. A new 
picture tube cured the trouble. 

In the typical picture tube defect, 
only one gun will be affected, and 
this will help in spotting it. At least 
this is true in a majority of cases, 
but every now and then you'll have 
to turn around and "back into the 
diagnosis." A Zenith came on green 
and changed to black -and -white in 
about 15 minutes. It did, too. The 
picture had a very distinct green 
tinge on turn -on, but after about 
15 minutes it was a nice black -and - 
white. Someone suggested adding a 
timer to turn it on 15 minutes 
earlier, but this idea was rejected, 
and we started checking. We 
checked all of the green -amp cir- 
cuits, controls, etc. No result. Tubes 
were replaced. No help. 

What I was looking for was 
bias trouble in the green gun, which 
made it run above normal. The 
picture tube wasn't too old. So, I 

made up a gadget out of push -on 
connectors, and jerked the CRT 
cathodes loose from the terminal 
board on the back of the chassis. 
Putting a microammeter in each 
cathode, I found that the green 
gun drew about 150 microamps and 
the red and blue guns drew about 
50 microamps each. Hmm. After 
the set had warmed up and gone 
B -W, the guns all drew the same 
at average brightness; about 100 
microamps. 

I sat back and looked at it. I 
had checked the picture tube, but 
then it dawned on me that I'd 
checked it hot. It was good, of 
course. No short, no nothin'. So, 
I rechecked-same results. Leaving 
the picture tube tester hooked up 
but turned off, I took the oppor- 
tunity to go gitta cuppa cawfee. 
After the group in the drug store 
had run out of old jokes and gos- 
sip, I came back. 

Please turn to page 47 
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This PREMIER PORTABLE TYPEWRITER 

WHEN YOU BUY THIS RCA WR -64B 

COLOR BAR/DOT/CROSSHATCH 

GENERATOR ,,.THE ESSENTIAL 

COLOR TV TEST INSTRUMENT 
Here's a deal you can't afford to miss! A FREE Remington 
portable typewriter-yours when you purchase the most 
essential color -TV test instrument-the RCA WR -64B! 

Just imagine how handy your new typewriter will be-in 
the shop or at home. You'll use it almost as much as you use the 
RCA WR-64B-standard of the color TV servicing industry. 

Here's how to get your FREE Remington Typewriter. 
Mail in the warranty card plus the gold label from the 
shipping carton of your new RCA color bar generator to 
RCA Test Equipment Headquarters, Bldg. 17-2, Harrison, 
N. J. We will ship your new Remington portable typewriter 
to you direct, freight prepaid. But remember-this offer 
covers only equipment purchased between February 1, 1967 
and May 15th, 1967. To allow for postal delay, we will 
honor cards postmarked up to May 31st. 

Plan NOW to take advantage of this BIG offer-a FREE 
Remington portable typewriter with your purchase of an 
RCA WR -64B color bar/dot/crosshatch generator. 

The standard of the Color -TV Servicing Industry. Gener- 
ates all necessary test patterns-color bars, crosshatch, 
dots plus sound -carrier. Only $189.50° 
°Optional Distributor resale price. All prices subject to 
change without notice. Price may be slightly higher in 
Alaska, Hawaii, and the West. 

Circle 19 on literature card 

Ask to see it at Your Authorized 
RCA Test Equipment Distributor 

RCA Electronic Components and Devices, Harrison, N. J. 

The Most Trusted Name in Electronics 



This list omits more than 100 of 
the rarest TV tube types, which many 
shops find impractical to stock. To 
simplify the chart as much as pos- 
sible, common radio and hi-fi tube 
types used in TV combinations are 
omitted. 

New tube types introduced this year 
are listed in the separate chart; to help 
you decide whether to stock these 
tubes, each listing specifies receivers 
using that particular type. If you're 
specializing in one or two brands, 
you'll pick new tubes listed for those 
sets and stock your shelves and caddy 
accordingly. 

In the main chart, the figures under 
"Caddy Stock" suggest a stock of ap- 
proximately 400 tubes (other than 
tubes for color sets) which should 

TUBE 
TYPE 

lAD2 
1AU2* 
1B3GT 
1G3GT 
1134 
1K3 
1 N2 
1 S2A 
1V2* 
1X2B* 
2AF4 
2AH2 
2AS2 
2CW4 
2CY5 
2DS4 
2DZ4 
2FH5 
2FS5 
2GK5 
2GU5 
2GW5 
3A3A* 
3AF4 
3AJ8 
3AL5 
3AT2* 
3AU6 
3AW3 
3BN6 
38U8 
3CB6 
3CS6 
3CY5 
3DG4 
3DK6 
3DT6A* 
3DZ4 
3EH7 
3EJ7 
3FS5 
3GK5 

account for close to 90% of your re- 
placement needs. As with the rare - 
tube listings, you may want to carry 
more of a particular type if it is used 
in receivers you service often. We've 
removed some of the older types, such 
as 6V6, 6W4, and 6BZ7, and replaced 
them with more current types; also in- 
cluded are some that appeared in last 
year's new -tube list-if they were used 
in sets again this year. Most used UHF 
tubes are also included. Tubes marked 
with an asterisk (* ) are used also in 
color sets. 

The figures under "Shelf Stock" are 
a suggested backup stock. if you're lo- 
cated near a parts distributor. If you 
can replenish your tube supply only 
once a week, you may wish to stock 
extra of the more common types. 

Your volume of business will naturally 
determine your actual shelf stock, too. 
Keep in mind three main factors that 
will influence the demand for various 
tubes: 
1. Relatively high failure rate of pow- 

er -output and similar tubes. 
2. Your specialization in certain makes 

of sets. 
3. Average age of sets containing a 

particular tube type. 
Temporary substitution of available 

types for rare types, as outlined in the 
Howard W. Sams book, Tube Substitu- 
tion Handbook, Vol. 10, can also help 
you reduce stock requirements. 

Another way to ease tube -stock 
headaches is to use only the latest -A 
or -B versions of various tubes. Types 
in common use are listed in the chart. 

SHELF CADDY TUBE SHELF CADDY TUBE SHELF CADDY 
STOCK STOCK TYPE STOCK STOCK TYPE STOCK STOCK 

3GS8 
3HA5 

5JV8 
5KD8 

4 3HG8 5KE8 
4 3HM6 5U4GB* 6 
2 3HQ5* 5U8 2 

5 3HT6 5V3 1 

4AU6 6AC7 1 

1 4BL8* 1 6AF3 1 

2 4BQ7 1 6AF4B* 2 
3 4BU8 1 6AF11 1 

1 4BZ6 5 6AG5 1 

1 4CB6 6AG7A* 1 

2 4CS6 6AH5 2 
1 4DK6 2 6AH6 1 

1 4DT6* 2 6AK5 
1 4EH7 2 6AL3 
1 4EJ7 3 6AL5 2 

4G K5" 1 6AL11* 1 

4GM6 1 6AM8A 2 
2 4GZ5 1 6AN8* 1 

1 4HA5* 1 6AQ5A* 5 

1 4HM6 1 6AR11 1 

2 4HS8 1 6AS5 
1 4HT6 1 6AS8 
1 4JC6 1 6AU4GTA* 2 
1 4J D6 1 6AU6A* 3 

2 4KN8 1 6AU8A* 1 

2 5AM8 1 6AV6* 2 

1 5AQ5 2 6AW8A* 4 
2 5AT8 1 6AX3 1 

1 5AU4 1 6AX4GTB 2 

2 5BC3 1 6AY38 4 
5BR8 1 6AZ8* 1 

5CG8 3 6B TO 1 

2 5CL8A 1 6BA6 2 
2 5DJ4 1 6BA11* 2 
1 5EA8 1 6BC8* 1 

1 5EW6 1 6BD11 1 

1 5FG7 2 6BE3A* 2 
1 5GH8 1 68E6 2 

1 5GM6 1 6BF11 1 

4 5 HG8 1 6BG6GA 1 
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TUBE SHELF 
TYPE STOCK 

CADDY TUBE SHELF 
STOCK TYPE STOCK 

CADDY 
STOCK 

TUBE 
TYPE 

SHELF CADDY 
STOCK STOCK 

6BH8 1 1 6GK6* 2 1 8JV8 2 

6BH11* 1 1 6GL7* 1 1 8JZ8 1 

68J3 2 1 6GM6* 5 2 8KA8 1 

66J8 1 1 6GN8 2 1 9A8 
6BK4B* 3 2 6GT5 1 1 9AU7 
6BK7B 1 1 6GU5 1 1 9GV8 1 

6BL7GTA 2 1 6GU7 5 2 10AL11 1 

6818* 3 1 6GV5 2 1 10CW5 1 

6BM8A* 1 1 6GW6 1 1 100E7 2 

6BN4 1 1 6GW8* 2 1 10DX8 1 

66N6* 3 1 6GX6* 2 1 10EG7 1 

6BN8* 1 1 6GY5 1 1 10EM7 1 

6BQ5* 3 1 6GY6* 3 1 10EW7 1 

6BQ6GTB* 4 2 6GZ5 1 1 lOGK6 1 

6BQ7A* 2 1 6HA5* 3 1 10HF8 1 

68R8A 1 1 6HA6 1 1 10JA8 1 

68U8A 2 1 6HB5 2 1 10JY8 1 

66X7GT 1 1 6HB6* 2 1 10KU8 1 

6BY6* 1 1 6H87* 1 1 11AR11 1 

6BZ6* 11 3 6HD5 1 1 111E8 1 

6C4* 1 1 6HE5* 3 1 11KV8 1 

6C65* 1 1 6HF5* 2 1 12AF3 2 

6CB6A* 3 1 6HF8 1 1 12AL11 1 

6CD6GA 2 1 6HG5 1 1 12AT7* 1 

6CG7* 5 2 6HG8 1 1 12AU7 1 

6CG8A* 7 3 6HJ8 2 1 12AV5GA 1 

6CL6* 1 1 6HK5 1 1 12AX4GTB 2 

6CL8A* 1 1 6HL8* 1 1 12AX7A* 2 

6CM7 2 1 6H05* 1 1 12AY3 1 

6CN7* 1 1 6HS8* 3 1 12AZ7A* 1 

6CQ8* 1 1 6HZ6* 3 1 12B4A 2 

6CS6* 2 1 6HZ8 1 1 126E3 1 

6CU5 2 1 6J6 2 1 12BH7A* 2 

6CW4* 1 1 6J10* 1 1 126QEGTB 2 

6CW5* 2 1 6136 2 1 12BY7A* 3 

6CX8 1 1 6JC6* 3 1 12C/CU5 2 

6CY5 1 1 6JC8 1 1 12CA5 2 

6DA4A 1 1 6JE6A* 4 2 12DB5 1 

60E4 2 1 6JE8 1 1 12DQ6B 2 

6DE6* 2 1 6JH6* 4 1 12DT5 1 

6DE7 2 1 6JH8* 3 1 12FX5 1 

6DK6* 2 1 6JM6* 1 1 12GC6* 1 

6DM4 2 1 6JN6 1 1 12GN7A* 2 

6DN7 1 1 6JN8 1 1 12GT5 1 

6DQ5* 2 1 6JS6A* 1 1 12GW6 2 

6DQ6B* 4 2 6JT8* 2 1 12SN7GTA 1 

6DR7 1 1 6JU8A* 4 2 12W6GT 1 

6DS4* 2 1 6JV8 2 1 13C/V15 1 

6DT5 1 1 6JZ8 1 1 13DE7 1 

6DT6A* 3 1 6K6GT 1 1 130R7 1 

6DV4* 1 1 6KA8* 2 1 13EM7 2 

6DW4B* 3 1 6KD8 2 1 13FD7 1 

6DX8* 1 1 6KT8* 2 1 13GB5 2 

60Z4* 1 1 6KU8 1 1 13GF7A 2 

6EA8* 4 1 6KZ8* 2 1 13J10 1 

6E88 2 1 6LN8 1 1 15BD11 1 

6EH7* 5 2 6Q11 1 1 15CW5* 2 

6EH8 2 1 6RK19 1 1 15DQ8* 1 

6EJ7* 5 2 6S4A 1 1 15HB6* 2 
6EM5 1 1 6SL7GT 1 1 15KY8 2 
6EM7* 2 1 6SN7GTB 2 1 15LE8* 1 

6ER5 1 1 6T8* 1 1 16A8* 1 

6ER 7 
6ES8 
6EV7* 
6EW6* 
6EW7* 

1 

2 

1 

4 
2 

1 

1 

1 

2 

1 

6U8A* 
6U10 
6X8A 
7AU7 
7GU7* 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

16AQ3 
16GK6 
17AX4GTA 
17AY3A 

1 

1 

1 

4 

6EZ5* 1 1 7GV7 1 1 
178E3 2 

6FD7 1 1 8AW8A 2 1 
17BF11 2 

6FG7* 2 1 8B8 1 1 
17BS3A 2 

6FH5* 1 1 8610 1 1 17C5 1 

6FM7* 2 1 88E8 1 1 17DE4 1 

6FQ7* 7 3 8BQ5 2 1 17DM4A 1 

6FS5 1 1 8CG7 1 1 17DQ6B 2 

6FV8 1 1 8CW5 1 1 17GJ5 2 
6FY5 1 1 8CW8 1 1 17GV5 1 

6FY7 
6GB5 
6GC5* 
6GE5 
6GF7A* 
6GH8A* 
6GJ5 

1 

1 

1 

2 

4 

9 
1 

1 

1 

1 

1 

2 

3 

1 

8CX8 
8DX8 
8E68 
8EM5 
8ET7 
8FQ7 

1 

1 

1 

1 

1 

5 

1 

1 

1 

1 

1 

2 

17JB6A 
17JZ8 

19AU4GTA* 
21GY5 
21HJ5 
226H3 

1 

3 

1 

2 

1 

2 

6GJ7* 2 1 
8GJ7 1 1 22DE4 1 

6GK5* 3 1 8GN8 1 1 22JG6A 2 
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Good medicine for tape recorder 

dealers and service centers! 

7/D'frani 
OPERATION 

HEAIP/S'IAR'I' 
acts like a miracle drug to create 
a brand-new profit source 

worn tape head 

replacements 
Millions of tape recorders are victims 
of deteriorated fidelity, also called the 
mushy sound disease, often caused 
by a worn-out tape head. You can 
cure it by selling a Nortronics 
replacement. 

Nortronics makes it easy, provides 
you a convenient, inexpensive pack- 
age for handling over 750 different 
head replacements on the spot. 
Nortronics Head -Start Packages 
contain everything you need-your 
basic tape head inventory, all neces- 
sary hardware, complete easy 
instructions, point -of -purchase sales 
aids and promotional material. 
Your investment? As low as 535.37. 
Your potential ?Fantastic ... and all 
found money! 
Your Nortronics distributor? Send 
the coupon; we'll send his name by 
return mail. He has your Head -Start 
package in stock. 

THE NORTRONICS COMPANY,INC. 
8101 Tenth Avenue North 

Minneapolis, Minnesota 55427 

Head -Start sounds like just what the 
doctor ordered! Who's my local 
distributor? 

NAME 

COMPANY 

ADDRESS 

TUBE SHELF CACDY 
TYPE STOCK STOCK 

6LY8 
6M11 
6R -P22 
6U9 
6210 
8AC9 
SARI 
8BA11 
8BN8 
8BQ11 

Motorola 
General Electric 
Sears 
Admiral 
Zenith 
Sylvania 
General Electric 
Zenith 
Packard Bell 
General Electric 

25AX4GT 
25BQ6GTB 
25CD6GB 
33GT7 
33GY7A 
5005 

2 

3 

NEW TUBE TYPES INTRODUCED IN '67 TV 
8BU1 1 

8LT8 
General Electric 
Admiral 

1BC2 Admiral General Electric 
General Electric 9AQ8 Panasonic 

1BG2 Electrohome 9KZ8 Motorola 
1BH2 General Electric 9R-AL1 Peerless 
1DK27 Hitachi 9R-HR2 Panasonic 

Sharp 10BQ5 Philco-Ford 
1DK29 Airline lOGV8 Arvin 

Andrea Panasonic 
Sears 10JZ8 Olympic 
Truetone 10LB8 Sylvania 

1SK2 Sony 1OLZ8 Bradford 
2AV2 Curtis Mathes Westinghouse 

Packard Bell 11BM8 Arvin 
RCA Panasonic 

3AW2 Philco-Ford 11BQ11 General Electric 
3CA3 Electrohome 11BT11 General Electric 

RCA 11FY7 General Electric 
4HQ5 Motorola 11R3 Panasonic 
4M -P26 Coronado 12AE10 General Electric 
5JL6 Sylvania 12AX3 General Electric 
5KZ8 General Electric 12B -B14 Peerless 
5MB8 Sylvania 12BF11 General Electric 
5U9 Admiral 12GE5 General Electric 
6AC10 General Electric 12R-LL5 Panasonic 
6AD10 Admiral 12710 Motorola 
6CG3 Admiral 13V10 Magnavox 

General Electric 13Z10 Zenith 
Philco-Ford 148111 General Electric 

6CK3 RCA 1aBR11 Admiral 
6EA4 General Electric General Electric 
6EH5 RCA 17AB10 Zenith 
6JD8 Zenith 17B -B14 Sears 
6JF6 RCA 17BZ3 Philco-Ford 
6KD6 Philco-Ford 17CK3 RCA 
6KE8 RCA 198J11 General Electric 
6KM6 RCA 21JV6 Motorola 
6LF8 Andrea 21JZ6 Olympic 

Curtis Mathes Philco-Ford 
Emerson Westinghouse 
General Electric 
Hoffman 
RCA 
Wells Gardner 

21KQ6 

21LU8 

Arvin 
Panasonic 
Sylvania 

6LJ8 Admiral 34CE3 Sylvania 
General Electric 38HK7 Admiral 
Olympic General Electric 

6LQ8 RCA 42KN6 Sylvania 
6LT8 General Electric PL521 Panasonic 

RAD/0 TV SERV/Ck 

/i 
CITY. STATE, ZIP 
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MALLORY Tips for Technicians 

Sonalert... 
versatile signal for service shops 

JI J2 

9V 

CONTINUITY CHECKER 

HEADLIGHTS ----, 
+ 

CTP50 

IGNITION SW. 

+ F -4-U+ 

"HEADLIGHTS ON" ALARM 

WARNING LIGHT 

r 

J 
OIL 
PRESSURE 
SENSING 
UNIT 

Ever hear of the audible signal that works on only a few 
milliamps? We have one. It's called the Sonalert, and 
it's a solid-state tone device that you can find lots of uses 
for in your shop, your car and your home. 

For instance, it makes a wonderful continuity checker. 
Just hook it to a 9 -volt battery . . . a Duracell® 
TR -146X mercury battery is ideal. You can test circuits 
having resistance up to about 1000 ohms, with complete 
safety against accidental burn -out of fine -wire com- 
ponents such as coils and transformers. At 9 volts, 
Sonalert draws only 3 milliamps. Its distinctive 2800 Hz 
tone helps make circuit tracing easy. A convenient way 
to put this useful gadget together is described in our 
booklet "How to Use Sonalert". 

Or maybe you'd like an alarm that will sound when volt- 
age gets too low or too high. If your equipment already 
has an over- or under -voltage signal light, it's easy to 
convert a Sonalert in parallel to give you a tone alarm 
that can't be ignored. Just make sure to choose a Sonalert 
with the right voltage rating. You can also rig a high or 
low voltage alarm circuit using a zener diode as the 
reference. The signal circuit illustrated here will keep 
sounding once an overvoltage has happened, until you 
open the switch. 

And here's an idea for your service truck. A guy in a 
hurry will sometimes forget to turn off the headlights 
when he leaves the truck ... and find the battery dead 
when he returns. It's easy to connect a Sonalert to sound 
a warning when headlights are left on when the engine is 
turned off. One side of the Sonalert goes to the oil 
pressure sensing unit, which actuates the low pressure 
warning light. The other goes to both the headlights and 
the ignition switch, through a pair of silicon rectifiers 
which prevent coupling those two circuits (a Mallory 
CTP50 package fits this job ideally). 

If you'd like some more tips on how to use Sonalert, ask 
your Mallory Distributor for "idea folder" No. 9-406. 
Or write Mallory Distributor Products Company, a 
division of P. R. Mallory & Co. Inc., Indianapolis, 
Indiana 46206. 

DON'T FORGET TO ASK 'EM eede teedd GxG4t % 

Circle l l on lilrralurc card 
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INDUSTRIAI. 
ELECTRONIC 
NOTEBOOK 

The field of industrial electronics 
holds no mysteries for the tech- 

nician who has a thorough under- 
standing of electronic components 
and their functions. Part I of this 
two-part article (January '67 PF 
REPORTER) helped confirm this 

MOVABLE CORE 

(ARMATURE) 

Fig. 1. Differential transformer has se- 
ries opposing secondary. 

A) 

PLATE SUPPLY 

GRID SUPPLY 

Ed Bukstein 

point through an analysis of the 
basic circuits associated with indus- 
trial electronics. Part II is a contin- 
uation of that analysis. 

The Differential Transformer 

The differential transformer is a 
position -measuring transducer com- 
monly employed in servomecha- 
nisms, thickness gauges, remote po- 
sitioning devices, machine tool con- 
trols, etc. As shown in Fig. 1, the 
two secondaries of the transformer 
are connected so that they are se- 
ries -opposing. As a result, the out- 
put voltage across A and B is zero. 
However, if the movable iron core 
(armature) is moved away from its 
center position, the coupling to one 
secondary will be increased, while 
the coupling to the other secondary 
will be decreased. Therefore, one 

PLATE SUPPLY 

GRID SUPPLY 

(B) Thyratron fires late. (C) Thyratron fires early. 

Fig. 2. Phase -controlled rectifier using thyratron. 

Another resume of familiar 
electronic circuits as they 
are used in industry. 

secondary will have more voltage 
than the other, and the output 
across A and B will be the differ- 
ence voltage of the two secondaries. 
This output is a sine wave whose 
amplitude depends on the amount 
of displacement of the armature. 
The phase of the output is deter- 
mined by the direction in which the 
armature is moved. Thus, the out- 
put of the transformer is a measure 
of the armature position. 

When used as a thickness gauge, 
the armature of the differential 
transformer is linked to a stylus 
that rests on the surface of the piece 
to be gauged. The armature as- 
sumes a position determined by the 
thickness of the piece. The trans- 
former output across A and B is 
then amplified and measured by a 
meter calibrated in thousandths of 
an inch, or some other convenient 
unit of measure. 

Phase -Controlled Rectifier 

The phase -controlled rectifier is 
a current regulating device. As 
shown in Fig. 2A, the load is con- 
nected in series with a thyratron. 
A phase -shifting bridge in the grid 
circuit of the thyratron causes the 
grid sine wave to lag behind the 
AC plate supply. As a result of this 
lag, each positive alternation of 
grid voltage begins at a time when 
the positive alternation of plate volt- 
age is nearly completed (Fig. 2B) . 

The thyratron ionizes near the end 
of each positive half cycle of plate 
voltage, and current flows through 
the load only briefly during each 
cycle. 

If the grid voltage lag is reduced 
(Fig. 2C) , the positive alternation 
of grid voltage will occur earlier 
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***I:11tS 
FOR 

Single pole, multiple pole, small 

base, full base, molded base, lami- 

nated base, porcelain base - sig- 

nal activating fuse blocks and 
special blocks of all types for 

BUSS Small Dimension fuses. 

Fuse blocks to meet JAN and 

Military specifications. 

Get full data for your files, 

write for BUSS bulletin, Form 
SFB - it gives a comprehensive 

picture of the complete line of 

Small Dimension fuses and fuse 

mountings. 

For fuses and fuseholders of unquestioned high quality 
for every protection need, insist on ... 

BUSS 
QUALITY 

BUSSMANN MFG. DIVISION, McGraw -Edison Co., St. Louis, Mo. 63107 
Circle 12 on literature card 



with respect to the plate voltage 
cycle. The thyratron will ionize 
earlier in each cycle, and load cur- 
rent will flow for a longer interval. 
In this manner, the average load 
current can be controlled by ad- 
justing the phase -shifting bridge. 
Motor control circuits often employ 
this technique for varying arma- 
ture current, and therefore, motor 
speed. Thus, the RPM of the motor 
can be adjusted without using gear 
or pulley changes. 

Saturable Reactor 

The saturable reactor is a con- 
trol device which also permits ad- 
justment of the current flow through 
a load. As shown in Fig. 3, this load 
may be the heating element of an 
electric furnace. Coil L2 of the 
reactor functions as a variable in- 
ductance in series with the load. 
Thus, load current depends upon 
the reactance of this coil, which 
can be varied by changing the cur- 
rent flow through coil L I. If the 
control current through L 1 is in- 
creased, the core of the reactor will 
become more saturated. As a re- 
sult, the reactance of coil L2 will 
decrease, and more current will flow 
through the heating element. Since 
a small amount of current in coil 
LI can control a much larger cur- 
rent in L2, the saturable reactor is 
referred to as a magnetic amplifier. 

Energy -Storage Welding 

The continuing trend toward 
miniaturization and microminiaturi- 
zation has created new problems 
of assembly and lead attachment. 
Components have become so small 
and densly packed that convention- 
al soldering techniques are no longer 
satisfactory. Even a midget solder- 
ing iron may cause overheating and 
damage to nearby components. In 
these situations, enery-storage weld- 
ing is sometimes employed. This 
type of welding is accomplished by 
passing a brief pulse of current 
through the wires to be joined. The 
heat developed by the current fuses 
the wires together. Since the cur- 
rent pulse is very brief (typically 
one millisecond) , the welding op- 
eration is completed before the heat 
can spread to adjacent components. 

A typical energy -storage welder 

circuit is shown in Fig. 4. With the 
relay de -energized, capacitor C 
charges from the full -wave power 
supply. When the operator clamps 
the welding head to the leads to be 
joined, a microswitch closes and 
energizes the relay. Capacitor C dis- 
charges through the primary wind- 
ing of the welding transformer, and 
the pulsed current induced in the 
secondary produces the weld. 

FURNACE 

(L 

CONTROL 

CURRENT 

SATURABLE 
REACTOR 

Fig. 3. Saturable reactor controls cur- 
rent through heating element. 

MICROSWITCH 

IN WELDING HEAD 

CURRENT 
PULSE 

TO LEADS 

r TO BE 

WELDED 

Fig. 4. Energy -storage welding circuit provides brief current pulse. 

NULL 

INDICATOR 

Fig. 5. Conductivity circuit determines concentration of liquid. 

0 1 2 3 4 6 7 8 9 
I I ! I 

B. 

NIXIE INDICATOR TUBE 

I 

Figs. 6. Ten cathode neon bulb used as numerical display. 
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212.0lie 
ap 

coiHRlFiY 

AV 11)19 T Look for! 
Big League Specials* on 

General Electric Color Tubes;; 
See Your GE Distributor Now: 

TUBE DEPARTMENT 

*All specials available at the option of your GE distributo GENERAL ELECTRI, 
Circle 13 on literature card 



OHMITE 
lopO OHM 

I/2 WATTlo% 
RC20GF102K 

Little Devil® Composition Resistors 

Type AB 2 -Watt Molded Pots 

five ways to 
stop customer 

"static" 
Ill e+ 

Gold -Bonded Germanium Diodes 

Brown Devil® Wire -Wound Resistors 

Series 99 Wire -Wound Resistors 

Customer "static" is hard on the ears .. 
hard on profit. But you're always safe 
with Ohmite quality replacements in your 
repair jobs. Order Little Devils in handy 
cabinet assortments or on Tally -Tape; all 
popular sizes and values. Select AB Pots 
from 50 ohms to 5 megohms in several 
shaft lengths. Choose from ninety 1N types 
of diodes. Get Brown Devils from 3 to 20 
watts in 0.5 -ohm to 100K -ohm values. 
Order Series 99 resistors in 11h, 21/4, 31/4, 
5, 11 watt sizes from 1 to 51,000 ohms. 
Ask your distributor for the latest edition 
of Ohmite's Stock Catalog 30. 

Be right with 

0 O H M ITE 
RHEOSTATS RESISTORS VARIABLE 
TRANSFORMERS TAP SWITCHES 
TANTALUM CAPACITORS RELAYS 
R.F.CHOKESSEMICONDUCTOR DIODES 

Circle 14 on literature card 
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Conductivity Meter 

Since the electrical conductivity 
of a solution is determined by its 
chemical ingredients, conductivity 
measurements are useful for deter- 
mining the concentration of dis- 
solved chemicals. Food, paper, tex- 
tile, metal, and various other indus- 
tries employ conductivity measure- 
ments to maintain the correct con- 
centration of processed liquids, to 
guard against leakage of process 
materials into steam lines, to fore- 
stall chemical damage to boilers 
and turbines, etc. 

Conductivity is measured by im- 
mersing two electrodes in the solu- 
tion to be checked. The effective 
resistance of the solution between 
the electrodes (the conductivity 
cell) is connected to one leg of a 
Wheatstone bridge, as shown in Fig. 
5. The bridge is then adjusted to 
a balanced condition as indicated 
by a null meter. A dial on the bal- 
ance control now indicates the con- 
ductivity in micromhos, or the con- 
centration in terms of grains -per - 
gallon, percentage by weight, or 
other appropriate unit of measure. 

Because conductivity also varies 
with temperature, a compensating 
control is included in the bridge. 
Before the bridge is balanced, this 
control is set according to the tem- 
perature of the solution. 

Nixie Readout 

Numerical display tubes such as 
the Nixie (trademark of Burroughs 
Corp.) are replacing dial -and -point- 
er indicators in many instruments. 
Digital voltmeters, frequency me- 
ters, and counters are examples of 
instruments which commonly em- 
ploy numerical display tubes. 

The Nixie indicator is a ten - 
cathode neon bulb in which the 
cathodes are wires bent into the 
shape of the numerals 0 through 9. 
Because the ionization glow sur- 
rounds the cathode, the character- 
istic orange glow takes the shape 
of one of the numerals. 

A typical circuit configuration is 
shown in Fig. 6. The transistors in 
the cathode leads are initially biased 
off, and there is no ionization glow 
in the Nixie tube. If a positive in- 
put is now applied to one of the 
transistors. 04 for example, the 
transistor will conduct, and the 
Nixie tube will ionize. The orange 
glow now takes the form of the 
numeral 4. If the positive input had 
been applied to 09, the ionization 
glow would have been around the 
9 -shaped cathode, etc. 

Bin -Level Control 

This type of circuit is commonly 
used to control the level of a liquid 
or granular material in a bin, tank, 
or other enclosure. The photoelec- 
tric type of level control employs 
a light source and a photocell 
mounted on opposite walls inside 
the bin. When the level of the ma- 
terial in the bin rises to the level 
of the fight source, the beam to 
the photocell is blocked. A relay in 
the photocell circuit now stops the 
filling process, or initiates an em- 
ptying operation. Two controls po- 
sitioned at different levels may be 
used to establish maximum and 
minimum levels. 

The, circuit of a photoelectric 
level control is shown in Fig. 7. 
The output of a half -wave rectifier 
is applied to a series combination 
of a photocell and a relay. The cell 
is a photoresistive type whose ohmic 

PHOTORES ISTIVE 

CELL 

CONTROL 

VOLTAGE 

TO OPEN OR 

CLOSE VALVE 

Fig. 7. Level control circuit employing a photocell. 



TRANS DU CERS 

1 1 

(CC CCC 

Lo 
RELAY 

Fig. 8. Ultrasonic sensor is used as a control device. 

value decreases with an increase 
of illumination. Thus, cell resist- 
ance is low under illumination, and 
current flow is sufficient to energize 
the relay. When the light beam to 
the photocell is blocked, the cell 
resistance increases and the relay 
drops out. 

Ultrasonic Sensor 

A beam of ultrasonic vibrations 
can be used in a manner similar 
to the beam of light in photoelectric 
controls. An instrument of this type, 
the Delavan Company's SONAC, 
is illustrated in Fig. 8. Two piezo- 

SOLENOID VALVE 

Fig. 9. Pilot provides light for phototube. 

electric transducers are connected 
to an amplifier, one to the input 
terminals and the other to the out- 
put. The two transducers are 
mounted facing each other, so that 
ultrasonic vibrations from the out- 
put transducer are picked up by 
the input transducer. This feedback 
from the amplifier output to the 
input maintains oscillations in the 
circuit. The amplifier is tuned so 
that the oscillations occur at a fre- 
quency of approximately 38 KHz. 
The output of the amplifier is rec- 
tified and applied to a relay, caus- 
ing the relay to energize. 

If an object is interposed between 
the two transducers, the feedback 
path will be blocked, and oscilla- 
tion will cease. The relay will now 
de -energize. If the two transducers 
are mounted on opposite sides of 
a conveyor belt, each passing object 
will cause the relay to momentarily 
de -energize; thus, objects on the 
conveyor can be controlled. 

Flame -Failure Safeguard 
Industrial furnaces are protected 

by flame -failure safeguards, which 
automatically shut off the fuel sup- 
ply if the pilot burner fails. This 

NEW HEATHKIT® 
Solid -State 

High Impedance 

V -O -M 
Kit $80 Wired $115 

Never Before Has An Instrument With These Features 
and Performance Been Available At Less Than $200 

13 Silicon Transistors Plus 2 Field Effect Transistors 
11 Megohm Input Impedance on DC 

e 10 Megohm Input Impedance on AC 

9 DC Voltage Ranges From 150 Millivolts Full Scale to 1500 Volts Full Scale... 
Accuracy Full Scale 

e9 AC Voltage Ranges rrom 150 Millivolts Full Scale lo 1600 Volts Full Scale... 
Accuracy -5% Full Scale 

7 Resistance Ranges, 10 Ohms Center Scale x1, x10, x100, xlk, x10k, x100k, 
x1 meg ... Measures From One Ohm to 1000 Megohms 

The first of an exciting new line of Heathkit test instruments, the IM -25 Solid - 
State V -O -M does all the measurement jobs normally required in tube or tran- 
sistor circuits with the no -loading high impedance of a VTVM, the convenience 
and versatility of a VOM, and the accuracy and sensitivity of separate lab 
instruments. Whether you choose the factory assembled model or the new, 
easier -than -ever kit version, we believe you will find the IM -25 a significant 
step forward in design and value. 
Kit IM -25, 10 lbs. (Available May) $80.00 
Assembled IMW-25, 10 lbs. (Available June) .... $115.00 

e 11 Current Ranges From 15 Microamps Full Scale to 1.5 Amps Full Scale ... 
Accuracy -'4% DC, --5% AC 

e AC Response to 100 kHz 
6", 200 ua Meter With Zero Center Scales For Positive and Negative Voltage 

r HEATH COMPANY, Dept. 26-4 
Benton Harbor, Michigan 49022 

Measurements Without Switching 

e 1% Precision Resistors 

Enclosed is $ plus shipping. 

Please send model (s) 
Separate Switch For Each Function Eliminates Constant Changing Please send FREE Heathkit Catalog. 

Ten -Turn Thumbwheel Zero Adjustment For Precision Settings Name 
Built -In 120/240 VAC, 50-60 Hz Power Supply Plus In -Cabinet Holders For (Please Print) 
Battery Supply During Portable Operation Address 
Easy Circuit Board Assembly City State Zip 
New Heath Instrument Styling With "Unitized" Construction and Low Profile Prices & specifications subject to change without notice. TE -159 

a 
Appearance; Color Styled in Handsome Beige and Black 

.11 
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Winegard Introduces 
Super Compact 
Total Design Electronic 
SUPER COLORTRONS 

Five 82 -Channel Models 
Four VHF/FM Models 
Three UHF Models 
...so revolutionary in design and concept, 
they have 7 patents and patents pending 

82 -Channel Super Colortron 
Model SC -82; $54.95 

The World's First Total Design Antennas 

New antennas come and go. But there's never been an antenna 
like the amazing Winegard Super Colortron. 12 models in all- 
totally designed with more exclusive electronic, construction 
and performance features than all other antennas combined. 
It's taken us a while to create and develop and perfect the 
Super Colortron. But it was worth the time. See for yourself. 
Read about the Super Colortron's exclusive features. Then call 
your Winegard distributor. Or write for full color, 8 -page brochure. 

(A) Total Design 
Cartridge Pre -Amps: 
Exclusive solid state, instant - 
loading cartridge pre -amps drop 
into totally enclosed, weatherproof 
cartridge housing at point of signal 
interception. Models for 
82 -channel (VHF -UHF) antennas, 
VHF only, UHF only-plus a color 
spectrum filter. Custom -match 
the Super Colortron to any 
reception requirements. 
Total Design 
Impedance Correlators: 
Exclusive impedance correlators 
(2 patents pending) automatically 
increase 75 ohm driven elements 
to 300 ohms to provide 100% 
signal transfer from antenna 
to set. Enables antenna to be 
20% more compact! 

(B) Total Design 
Vertical Resonant Reflectors: 
Exclusive UHF vertical resonant 
reflectors achieve highest 
realizable gain on channels 14-83 
because of exceptionally large 
vertical capture area. More UHF 
gain than any other 82 -channel 
antenna design. 
Total Design 
Electro -Lens Director System: 
Exclusive patented Electro -Lens 
system (U.S. Patent 2,700,105; 
Canada 511,984) absorbs 
entire signal and focuses it 
directly onto the driven elements 
to give Super Colortrons pinpoint 
directivity. 



Five super high gain 
82 -channel models 
(each with free CS -285 
Bánd Separator); 
from $21.50 to $69.95 

Four super high gain 
VHF/FM models; 
from $24.95 to $64.95 

Total Design FM Control Element: 
Exclusive FM element provides 
high gain on FM bands-and 
enables you to attenuate FM bands 
in areas where strong FM signals 
interfere with TV reception. 
(C) Total Design 
Cartridge Housing: 
Exclusive housing is an integral 
part of Super Colortron-built-in 
and permanent. Completely 
weatherproofed to protect solid 
state cartridge pre -amps and 
connections. 
(D) Total Design 
Ellipsoidal Boom: 
Exclusive boom is the first 
aluminum tubing shape 
engineered especially for antenna 
use. Proved far stronger than any 
ether existing boom design. 
(E) Total Design 
Wrap -Around Insulators: 
Exclusive low loss dielectric 
insulators completely encapsulate 
and weatherproof elements and 
correlators at point of electrical 
contact. Hi -impact polystyrene. 
Provide perfect alignment of 
elements and eliminate sagging 
and loosening. 

Circle /6 on literature card 

Three super high gain 
UHF models; 
from $14.95 to $32.95 

Total Design 
High Tensile Aluminum Elements: 
Exclusive aluminum alloy has 
PSI rating of 38,000 as compared 
to 27,000 PSI for alloys used 
in other antennas. More 
than 49% stronger-and 29% 
more resistant to bend and 
wind distortion. 
Total Design 
Wrap -Around Mast Clamp: 
Exclusive mast clamp has 4 pair 
of locking jaws (not just 2) to 
automatically align antenna on 
mast and for greater strength and 
durability. Requires only one 
U bolt. 
Total Design Gold Anodizing: 
Exclusive Gold Anodizing is the 
only permanent gold finish used 
on any antenna-the only positive 
protection against corrosion 
and fading. 
Total Design Assembly: 
Exclusive construction makes 
the Super Colortron truly 
easy-to-install-unfolds in 
seconds-completely 
factory pre -assembled. 

IYinegard 
ANTENNA SYSTEMS 

WINEGARD COMPANY, 3000 KIRKWOOD STREET, BURLINGTON, IOWA 52601 



ue Sams boots 
Troubleshooting Audio Equipment 

by Mannie Horowitz. An authoritative guide to 
audio component servicing. Provides a detailed, 
step-by-step analysis of audio amplifier and pre- 
amplifier circuitry. Describes normal operation of 

the equipment, then discusses 
the types of trouble and mal- 
functions which may occur. 
Gives equal treatment to 
both vacuum -tube and tran- 
sistor circuits, noting simi- 
larities and differences. Also 
covers phono pickups, micro- 
phones, phase inverters and 
drivers, tone controls, equal- 
ization, hum and distortion, 
tape recorders, and stereo- 
phonic systems. Heavily 
illustrated. 160 pages; 5% 
x 8W. s3 Order 20525, only J 

Know Your Oscilloscope. Revised Ed. 

by Paul C. Smith. Completely updated to provide 
a comprehensive understanding of scopes and their 
effective use in testing and maintaining electronics 
equipment, as well as in studying circuit action. 
The newest scope developments are covered, in- 
cluding transistorized amplifiers and sweep oscil- 
lators, as well as the principles of triggered -sweep 
and dual -trace scopes. Explains in detail the prin- 
cipal scope circuits and associated accessories. 
Describes how to maintain and adjust a scope 
properly; explains many of the countless applica- 
tions for scopes, including unusual uses, such as 
developing cyclograms and tube characteristic 
curves. 176 pages; 5% x 8W. 

$ 
qr 

Order 20549, only LL 

ABC's of Electronic Organs. Revised Ed. 

by Norman H. Crowhurst. Beginning with a clear 
description of the fundamentals of music, here is 
the fascinating, step-by-step explanation of how a 
handful of tubes, transistors, and other electronics 
components produces the richly varied music of 
the electronic organ. Describes the evolution of 
the organ; the fundamentals and mechanics of 
how it is played, along with helpful shortcuts to 
rapid learning; criteria for selecting an_organ. In- 
cludes sections on circuitry, maintenance, trouble- 
shooting, and tuning. 128 pages; 5% x 8W.$225 
Order 20551, only 2 

101 More Ways to UseYourVOM & VTVM. Rev. Ed. 

by Robert G. Middleton. Describes a wealth of addi- 
tional applications for these two essential test 
instruments not covered in the previous volume 
of this series. Includes suggestions and ideas con- 
tributed by technicians, a variety of special uses, 
and methods for testing a number of household 
devices. All test applications, connections required, 
and procedures are clearly and concisely described. 
144 pages; 5% x 8W. 
Order 20513, only ;rrpp L -S 

ABC's of Shortwave Listening. Revised Ed. 

by Len Buckwalter. Completely updated to provide 
a valuable introduction to the exciting world of 
shortwave, which includes international broad- 
casts, amateur voice and code operations, police 
and emergency transmission, commercial aircraft 
and marine communications, and, now, the signals 
from orbiting spacecraft. Describes the programs 
available; gives practical advice on receivers and 
antennas; explains how to get maximum satisfac- 
tion out of shortwave listening. 96 pages; 5 '4 
x 8W, 

$225 Order 20554, only 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams 8 Co., Inc., Dept. P F-4; 
4300 W. 62nd Street, Indianapolis, Ind.46268 
Send me the following books: 

20525 20551 20554 
20549 20513 

Send FREE Sams 9ooklist. S enclosed 

Name 

Address 

City State Zip 

My Distributor is 

INFRARED 

DETECTOR TEMPERATURE 

IN DEGREES 

Fig. 10. Infrared pyrometer measures temperature. 

REED DRIVER COIL 

DC INPUT 

i I 

DC OUTPUT 

Fig. 11. Chopper amplifier responds to low-level DC signals. 

prevents the dangerous accumula- 
tion of unignited fuel in the furnace. 

The circuit arrangement shown 
in Fig. 9 uses a phototube which 
is illuminated by the pilot burner. 
The plate current of the phototube 
varies according to the flickering 
illumination from the pilot. The re- 
sulting signal is amplified, and then 
rectified. The DC output from the 
rectifier is applied to the control 
grid of a thyratron. As a result, the 
thyratron ionizes and the relay 
energizes. A solenoid in the fuel 
line is energized through the relay 
contacts, allowing fuel to flow into 
the furnace. In the event of pilot 
failure, the thyratron de -ionizes and 
the relay drops out. The solenoid 
in the fuel line now de -energizes, 
stopping the flow of fuel. 

Infrared Pyrometer 

The infrared pyrometer permits 
temperature measurement of hot 
surfaces at a distance, and can be 
used for both moving and station- 
ary objects. It is a noncontacting 
instrument that responds to the 
infrared radiation emitted from the 
object whose temperature is to be 
measured (all objects with a tem- 
perature above absolute zero emit 
infrared radiation). 

In the circuit shown in Fig. 10, 
the infrared detector is connected 
in one leg of a bridge circuit. A 
system of lenses focuses the infrared 
onto this detector. Since the resis- 
tance of the detector depends upon 
the amount of infrared reaching it, 
the bridge is unbalanced to an ex- 
tent determined by the temperature 
of the object. The bridge output is 
then amplified and displayed on a 
meter calibrated to read tempera- 
ture directly in degrees. 

Chopper Amplifier 
Industrial applications frequently 

require the use of amplifiers which 
will respond to low-level DC sig- 
nals. Because the input level may 
change very slowly or remain con- 
stant for long periods, conventional 
RC or transformer coupling cannot 
be employed. Direct -coupled stages 
may be used, but these tend to be 
critical with respect to temperature 
and supply voltage variations. The 
chopper amplifier shown in Fig. 11 

is designed to compensate for these 
disadvantages. 

In this type of amplifier, the DC 
input signal is converted to AC by 
the action of the chopper. As in- 
dicated in Fig. 11, the vibrating 
reed of the chopper alternately con- 

Please turn to page 56 
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Will the coming age 
of solid state TV 
catch you half ready? 

Not if you take advantage of our new 
"Professional Technician Program." Read on 
and see how Motorola's "PTP" can help. 
Home entertainment products are changing- 
fast. There's more transistorization . . . and 
more advanced solid state technology each year. 
This means great opportunity for service organ- 
izations that keep abreast, because, well- 
informed technicians will be in even greater 
demand than they are now. 

Motorola can help your ser- 
vice department be well 
prepared. 

We have recently increased 
our staff of field technical per- 
sonnel. It is their job to help 
provide you with Technical in- 
formation for your men and to 
give some of the training your 
men will need to cope with this 
rapidly changing industry. 

Each of our technicians has 

had extensive, practical consumer experience. 
They know their business-from your side of 
the fence. The training will be done right in 
your place of business. It will provide a valuable 
adjunct to the large-scale training meetings held 
by Motorola Regional Service Managers & 

Motorola Distributors. Two 
hours will be spent in formal 
training. The remainder of 
the day will be spent working 
with your men on your work 
to give information-and to 
help find ways to make more 
profitable and productive use 
of service time. 

Get full information on 
availability of this training for 
your shop. Just call your 
Motorola Distributor. 

OMOTOROLA 
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Fig. 1. A place for everything and everything in its place. 

MEE CB SPECIALIST 

Come along with us as we 
visit a shop specializing 

in Citizens -Band 
equipment. Many shops 
can enter this field on a 

profitable basis. 

HAL GURETZKY of L.A. 
Communications is a CB and 

business radio specialist in Los 
Angeles, California, and has been 
for the past 3 years. What's more, 
he is succeeding in this spot despite 
some obvious drawbacks. Let's take 
a look. 

Although the sales and service 
shop is properly housed, it's loca- 
tion is not a prime contributing 
factor to the business success. Since 
a good percentage of the work is 
on mobile equipment, it is essen- 
tial for any CB shop to have an 
adequate drive-in area. The south 
Fairfax address was chosen because 
of its central location and rear 
parking facilities rather than for a 
consideration of foot traffic or 
drive-in trade. There is considerable 
traffic on Fairfax, but these are 
mostly retail shoppers, not custom- 
ers for a specalized service such 
as CB installation. Hal feels that 
his location is good, however, "for 
this type of business." 

What might be considered a lack 
of space is overcome by proper use 
of the space available (Fig. 1). 
The quarters provide for a com- 
plete service shop, a small office, 
and enough storage space for sev- 
eral thousand dollars worth of 

John D. Lenk 

spares and stock. Everything in the 
shop was designed for efficiency. 
For example, the two service 
benches are placed so that a tech- 
nician can sit between them and 
move from one to another without 
taking more than one or two steps. 
There is no need to run the length 
of a long bench. All of the test 
equipment is located on shelves 
above the benches (Fig. 2) . This 
way the meters are eyelevel, and 
the equipment takes up no room. 
There is no need to dig out some 
special piece of equipment from a 
storage area. 

Hal keeps a good supply of tubes 
on hand at all times in the store 
room. As an added convenience, 
he keeps a complete set of pre- 
tested tubes on the bench. Since 
tube failure accounts for a good 
percentage of trouble in any elec- 
tronic equipment, Hal feels that 
a stage -by -stage replacement with 
tubes known to be in good condi- 
tion is the first logical step in rapid, 
profitable troubleshooting. 

An extension telephone is located 
next to the benches. Since Hal is 

often alone, he must answer service 
calls while working. Some one-man 
shops let their answering service 
take calls while they are very busy 
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SOLID STATE 

Here displayed on the RCA Solid -State Center is the RCA 
SK -Series Transistors, Rectifiers, and Integrated Circuits; 
the new RCA 3N128 MOS Field -Effect Transistor; RCA's 
40214 Silicon Stud Rectifier; and three RCA Experimenter's 
Kits. This new Solid -State Center, in addition to its host of 
devices, also includes technical literature to support the de- 
vices right on the rack, It's the "one -stop" answer to the solid- 
state needs of experimenter, hobbyist, ham, or the replace- 
ment requirements of the service technician. 
All devices and kits are packaged in easily identifiable see- 
through packs for your convenience. Included with each 
device is broad performance data or specific ratings and 
characteristics where applicable. 
RCA Solid -State Center Includes: 

RCA Experimenter's Kits. Three kits enable you to build 
a light dimmer or any one of 14 different circuits for 
dozens of applications around the house. 
RCA SK -Series "Top -of -the -Line" Devices: 17 Tran- 
sistors, 2 Rectifiers, and 2 Integrated Circuits, for exper- 

RCA 

Transistors 
Rectifiers 
Integrated 
Circuits 

For 
EXPERIMENTERS 

HOBBYISTS 

HAMS 
and 
TECHNICIANS 

LOOK FOR THIS 

DISPLAY AT YOUR 

RCA DISTRIBUTOR 

imenter or replacement use. 
RCA Technical Manuals. Four manuals include: RCA 
Experimenter's Manual, RCA Transistor Manual, RCA 
Linear Integrated Circuits Fundamentals Manual, and 
RCA Tunnel Diode Manual. 
RCA Solid -State Replacement Guide. Lists all RCA SK - 
Series "Top -of -the -Line" Transistors, Rectifiers, and 
Integrated Circuits and the more than 7,300 types 
which they replace. 

Keep RCA Experimenter's Kits and the RCA SK -Series in 
mind when you're shopping for solid-state devices. Look for 
the RCA Solid -State Center. Now at your RCA Distributor. 
Do it today! 

RCA Electronic Components and Devices, Harrison, N.J 

The Most Trusted Name in Electronics 



Fig. 2. Equipment shelves save space and improve 

on the bench. Hal feels that this is 
not good for customer relations- 
it gives the impression that the call- 
er is dealing with a part-time busi- 
ness. Hal prefers to take each call 
in person, if at all possible. 

One time -saving feature is use of 
the intercom loudspeaker that cov- 
ers the parking service area. A fre- 
quency meter can be patched into 
the intercom so that you can hear 
the zero beat signal of a mobile 
transmitter while working in the 
area. (Fig. 3.) Although the idea 
is not new, it does save many steps 
(and dollars) when working alone. 

As shown by the photos, Hal 
is a great believer in test equip- 
ment. The shop has at least two 

efficiency. 

of everything. Hal is the first to 
admit that a good techician can 
work wonders with an accurate 
VOM, and that he has more test 
equipment than any shop of the 
present size will ever need. But 
he also adds: "Why spend a lot 
of time on a tough CB service prob- 
lem when proper test equipment 
will give you an immediate an- 
swer." Also, he is looking forward 
to an expansion of his service facili- 
ties. When he has to hire in full- 
time techncians he wants to have 
the very best equipment on hand. 

Besides the basic meter and 
scope, the minimum tools for any 
CB service operation include a fre- 
quency meter, wattmeter and sig- 

LOS ANGELES 

COMMUNICATIONS 

nal generator. The technicians at 
L.A. Communications have this and 
more, in depth (Fig. 4.) . 

What about competition? Cer- 
tainly in Los Angeles there is no 
lack of CB sales or service facili- 
ties. There are several full time 
mobile communications sales and 
service organizations, plus other 
retail outlets that sell or service CB 
as a side line. And, like all major 
cities, there are the usual back- 
yard operators who work in their 
spare time. When asked about this 
competition Hal replied "I simply 
don't worry about it. There is no 
real price cutting among the com- 
petent service businesses. I charge 
$10 per hour for all service and 
installation, inside or out. My fixed 
charges are based on this figure. A 
competent organization can not 
charge less and make a living. Of 
course, another technician can 
come under this price, but he will 
not make money, and won't remain 
in business. If a mobile communi- 
cations. business charges substantial- 
ly less than this figure, they cannot 
pay competent technicians. And if 
they hire unqualified technicians, 
I don't consider them competition. 
Likewise, if they are good men 
working for themselves, there is no 
point in their charging less. There 
are too many good jobs available 
in other phases of electronics, for 
top technicians." 

L.A. Communications offers a 
wide variety of CB equipment for 
installation. They are authorized 

Fig. 3. Intercom speakers (arrow) in 
the parking lot save time and steps. 
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P71VG7 
Model 65-3 VHF -TV ANTENNA AMPLIFIER 

improves reception of WEAK VHF -TV signals in 
FRINGE AREAS even where strong local TV or FM 
signals are present. AMPLIFIES UP TO 7 TIMES for 
Better Color and B/W 

A two-transistor-high and low band-ampli- 
fier in one compact weather -resistant hous- 
ing. Engineered to provide the lowest noise 
and highest amplification with the most 
desirable overload characteristics. Designed 
for easy and convenient installation on 
antenna boom, mast, or under roof eave. 

Amplifier used in conjunction with dual out- 
let power supply for one, two, or multiple set 
installations (with Finco 3003 coupler). 117 V 

60 cycle input. AC power up to amplifier: 
24 volts - 60 cycle. Metal enclosed with easy 
keyhole mounting. Amplifier and power 
supply provided complete with mounting 
hardware. Each unit tested and inspected 
prior to shipment. 

Let Finco solve your Color and B & W 
reception problems. Write for complete 
information, schematics and specifications. 
Form #20-357. 

Model 65-3 VHF -TV ANTENNA AMPLIFIER 

F/I/1/C \ 
D FM'ANTENP 

THE FINNEY COMPANY 
34 West Interstate Street Bedford, Ohio 44014 Dept. 3 10 
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service stations for Hallicrafters, 
Johnson, and COMCO. They also 
sell Midland, Regency, and Metro - 
tech. Hal works factory direct with 
some lines, and through distributors 
with others. The distributors can 
often prove a help since they pro- 
vide sales/service leads, and are in 
a good position to sense trends in 
the area. On the other hand, the 
factory -direct lines offer the great- 
est margin of profit. 

L.A. Communications prefers 
direct -mail advertising. He sums it 
up this way. "There are two types 
of CB buyers-the general public, 
would-be hams, experimenters, hob- 
byists, etc.-and the business buy- 
er. The general buyer will buy his 
equipment at the electronic parts 
houses. We can't possibly compete 
With their tremendous walk-in trade 
no matter how much we spend on 
advertising. So we concentrate on 
the business buyer with direct mail 
advertising. Some CB sales are an 
alternate to business radio, but most 
are a supplement-an example of 
this is walkie-talkie paging. 

"Likewise, we find that the ex- 
ecutives of companies using busi- 
iess radio make excellent prospects 
for CB installations." It is interest- 
ing to note that many business ra- 
dio users were first CB customers. 
They bought CB because of its low 
price. Once they found the ad- 
vantages of radio communications 
to their business, they switched to 
the business radio and took ad- 
vantage of the better communica- 
tion range, less crowding, etc. 

All direct mail advertising is fol- 
lowed up with in -person calls by 
a salesman. At present, Hal em- 
ploys one salesman to follow up all 
direct mail leads. For a new cus- 
tomer, the sales pitch is supplement- 
ed by a working demonstration of 
CB operation. All sales work is on 
a straight commission basis. Hal 
does not believe in salary for sales- 
men. On the other hand, service- 
men are paid on an hourly or sal- 
ary basis. Where a salesman is given 
incentive by a commission basis, 
the same system tends to make a 
serviceman do fast, sloppy work, 

or to pad charges. 
With the basic $10 figure for all 

service, the usual charge for a mo- 
bile CB installation is $15, while 
a base station is $30. Hal spends 
at least 80% of his time in service 
or installation work, with the re- 
maining 20% in sales, paper work, 
etc. At present, the income or profit 
breaks down along this same per- 
centage. The business radio end of 
the operation makes most of its 
money from rental of equipment 
(mobile telephone systems) rather 
than from straight sales or service. 
A typical business radio system in- 
cludes 4 or 5 mobile installations 
plus the base station. Most of these 
are on yearly lease contracts. The 
CB equipment, on the other hand, 
is sold and serviced, but it is rarely 
rented. 

This commentary on Hal Gur- 
etzky's operation gives an insight 
as to how he is making CB sales 
and service a paying business. Not 
everyone has the same philosophies 
about running their business, but 
this is one that's a proven success. A 
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ARE YOU CASHING -IN 

ON THE PROFITABLE ti 

2 -WAY RADIO SERVICE BUSINESS ? 

* Motorola will train you for this rewarding, elite profession 

* Send for our FREE EVALUATION EXAM. Prove to yourself that 
you are ready to learn FM 2 -way radio servicing. 

Opportunities in 2 -way radio servicing are virtually unlimited. 
Just one of the hundreds of successful Motorola Service 

Stations writes, "we would be pleased to interview any graduate 
of your school that has received some training in 2 -way radio 
maintenance. We are an established firm, 10 years old, with 
a promise of expansion governed by our ability to obtain com- 
petent technicians." Get all the facts today. There is no 
obligation and no salesman will call. 

,li' MOTOROLA TRAINING INSTITUTE 
4545 West Augusta Blvd. Chicago 51, Illinois Dept. APX 71 4 

L 

Send me FREE entrance exam. 

I] Send full details on Home Study Course on FM 2 -way Radio 
Servicing 
Send me details on how you can help me prepare for an FCC 
License. 

Name Occupation - 

Address 

City Zone State 
J 

Discriminate Between 
Desired Signal and 
Unwanted Noise 

FREE SPACE 

STAN X WAVE 
MAGNETIC ANTENNA 

UHF -VHF -FM -COLOR 

Investigate now! 

3'64 Ekeb44 Ekek0Ilkf 
Manufacturers of the TARGET ANTENNA 

Phone 419-693-0528 

206 West Florence Street Toledo, Ohio 43605 
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WORLD'S LARGEST SELLING 
AND WORLD'S NEWEST Hand Size vow 

MODEL 310 
IMrEPM.LL, SHIELDED 

3 20 

TRIPLETT ELEC. 
INSTR. CO. 

1200V 
DC 

300 
60 

i2 

MODEL 310 

World's Largest Selling 
Volt-Ohm-Milliammeter 

Me 0E IN U.S.A. 

91UFFTON, O 

MODEL 310.0 
World's Newest 

Volt-Ohm-Milliammeter 

RIVLRT ELEC. 
INSTR. CO. 

300 C`xe. 

60 
12 

600V 
AC . ( --: 

BOTH TESTERS 

SHOWN 

ACTUAL SIZE 

t 
2 
3 

HAND SIZE AND LIGHTWEIGHT, but with the features of full- 
size V -O -M's. 

20,000 OHMS PER VOLT DC; 5,000 AC (310)-15,000 AC (310-C). 

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and 
range settings. The first miniature V -O -M's with this exclusive 
feature for quick, fool -proof selection of all ranges. 

SELF -SHIELDED Bar -Ring instrument; permits checking in strong magnetic fields. 
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA - 
TYPE JACKS-positive connection and long life. 
Model 310-$42.00 Model 310-C-$53.00 Model 369 Leather Case-$4.00 

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

310-C PLUS FEATURES 
1. Fully enclosed lever range switch 
2. 15,000 Ohms per volt AC 

(20,000 0/V DC same as 310) 
3. Reversing switch for DC measure- 

ments 

MODELS 100 AND 100-C 
Comprehensive test sets. Model 100 
includes: Model 310 V -O -M, Model 10 

Clamp -on Ammeter Adapter; Model 
101 Line Separator; Model 379 Leather 
Case; Model 311 leads. ($78.00 Value 
Separate Unit Purchase Price.) 
MODEL 100-U.S.A. User Net $74.00 

MODEL 100-C- 
Same as above, but 
with Model 310-C, 
Net $84.00 

USES UNLIMITED: FIELD ENGINEERS ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN ELECTRICAL 
CONTRACTORS FACTORY MAINTENANCE MEN ELECTRONIC TECHNICIANS HOME OWNERS, HOBBYISTS 

THE WORLD'S MOST COMPLETE LINE OF V0 -11e AILABLE FROM YOUR TRI , 
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ern TEST 
EQUIPMENT 

New Tube Tester 
Does Double Duty 

SENCORES NEW MP -140 tube 
tester brings a new style to the 

service industry. It's housed in a 
black -vinyl -covered steel attache 
case. If you are among the tech- 
nicians who are joining the trend 
toward white shirts and ties rather 
than blue collars, the MU -140 
should complement your new image. 
The impressive styling is continued 
inside the case too, as can be seen 
in Fig. 1. 

Styling is not the end of the story 
for the MU -140 though. It's been 
engineered too. Starting right at 
the set-up book, this instrument 
was designed to be used-and used 
often. The set-up book is printed 
on plastic -impregnated paper. This 

analysis of test instruments 
... operation ... applications 

by T. T. Jones 

paper is strong as cardboard, yet 
light and flexible so the pages turn 
easily. When it gets dirty, just wipe 
it off with a damp cloth. Setups are 
listed for over 2600 tube types, in- 
cluding Japanese and European. 

Two set-up choices are given for 
most tubes. The first is a cathode 
emission test. This is the same cir- 
cuit as that used in the "Mighty 
Mite" series of Sencore testers. 

In addition to the emission test, 
the MU -140 has a GM tester built 
in. This is the real heart of the in- 
strument, the incentive to pay that 
premium price. (As compared to 
a straight emission tester. Actually 
the price is lower than many GM - 

type testers) . 

In the GM circuit, Sencore has 
again brought some new features. 
First, the AC signal applied to the 
grid is a 4 -kHz squarewave. The 
high frequency and high harmonics 

of this signal closely duplicate ac- 
tual operating conditions of the 
tube under test. This signal is de- 
veloped in a transistorized multi - 
vibrator circuit. 

DC bias for the tube under test 
is developed by an interesting cir- 
cuit Sencore calls the "ABC" cir- 
cuit-Automatic Biasing Control. 
The circuit is really rather simple 
as can be seen in Fig. 2. R7 and 
R3 can be thought of as a single 
plate load resistor. Assume a cath- 
ode current of 25 ma, which would 
cause a 100 -volt drop across R7 
and R3, resulting in a plate voltage 
of + 110 volts. This would also 
cause a 326 -volt drop across R2 
and R6. By Ohm's law we can com- 
pute -7 volts at the grid of the 
test tube. An increase of cathode 
current to 30 ma will increase the 
drop across R7 tnd R3 to 120 
volts, and the plate voltage drops 

TUBE UNDER TEST 

5KHz 

+21w 

TO METER 

AMP 

Fig. 1. New G -Emission tester has radical styling. 
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+210V 

METER ZERO 

-216V 

TUBE UNDER TEST 

10 MEG 

5% 

Fig. 3. Meter bridge and Grid Test circuits. 

to + 90. Now there will be 306 
volts across R2 and R6, and the 
grid voltage will be - 20. This in- 
crease in bias will tend to cutoff 
the tube and return the cathode 
current to the original value. 

The value of R3 is selected by 
the Load switch to produce 3 

choices of plate current -2, 7, or 
25 ma, with plate voltages about 
+ 100. Regardless of the tube 
plugged in, the ABC will bias the 
tube so that it draws the current 
selected. The GM reading is then 
dependent on the amount of 4 -kHz 
signal. This is determined by the 
setting of the Signal control. 

The grid leakage test (Fig. 3) 
is also similar to that in the Mighty 
Mite. The grid of the tube under 
test is grounded through R39. A 
positive voltage is applied to all 
other tube elements, including the 
cathode. Any grid emission or gas 
will allow a current to flow through 
the tube, causing a voltage drop 
across R39. This voltage is then 
read by the meter circuit. The grid 
test is extremely sensitive; about 
35 na grid current will move the 
meter needle out of the "GOOD" 
area. 

The meter circuit itself is a 
bridge. It has to have a very high 
input impedance, due to the sensi- 

tivity desired in the grid circuit 
tester. For this reason, a 12A137 
tube was chosen for the amplifier 

,. 

ASK YOUR WIFE 
if she could use some extra Cannon 
terry cloth printed dish towels. If 
she says "yes" then 

ASK YOUR JOBBER 
how you can get them for her FREE 

with the purchase of certain PLANET 

condensers. 

PLANET SALES CORP. 
64 NEW STREET 

NUTLEY, NEW JERSEY 07110 

now there are 3 
time & tool -saving 

double duty sets 
New PS88 all -screwdriver set rounds out 
Xcelite's popular, compact convertible tool set 
line. Handy midgets do double duty when slipped 
into remarkable hollow "piggyback" torque am- 
plifier handle which provides the grip, reach and 
power of standard drivers. Each set in a slim, 
trim, see thru plastic pocket case, also usable 
as bench stand. 

313' 

PS88 

5 slot tip, 
3 Phillips screwdrivers 

PS120 

10 color 
coded nutdrivers 

1 

ediez° 

PS7 

2 slot tip. 
2 Phillips screwdrivers. 
2 nutdrivers 

WRITE FOR CATALOG SHEET N563 

XCELITE, INC., 18 Bank St., Orchard Park, N.Y., U.S.A. 
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loìn the 

P.O.M. Club! 
Photofact-of-the- 

Month Club) 

get full data coverage of 

COLOR TV! 

only PHOTOFACT 
gives you the up-to-the- 

minute data and know-how 

you need to perform expert 

Profitable Color TV Servicing 

(and P.O.M. membership now brings 
you 20% more coverage monthly, 

including at least 12 b&w TV 

Folders, plus AC -DC, FM -AM, Stereo 

Hi-Fi, Record Changer, and Phono- 

graph coverage-at least 50 chassis 

each and every month-for less 

than 200 per chassis model!) 

Act today-see your 
SAMS Distributor 

legs of the bridge, though the rest 
of the instrument is solid-state. In- 
sulated gate FET's could have been 
used in the bridge circuit but this 
would have added greatly to the 
cost of the instrument. 

As can be seen in the photo, 
there are quite a few sockets on the 
MU -140. By putting in a few extra 
sockets, Sencore has kept setup 
switches to a minimum. Every 
known configuration of heater and 
suppressor grid has its own socket. 
For the emission test there are only 
3 controls-heater voltage, cathode 
current (LOAD), and grid. The 
grid is used as the anode in the 
emission test. Additional controls 
are needed for screen, plate, and 
signal in the Gi test -6 switches 
in all, but this still allows a very 
fast setup. 

There are pre -punched holes un- 
der the name plate so that more 
sockets may be added later if neces- 
sary. This helps to insure that the 
MU -140 will give many years of 
efficient service. A 

For further informatoti circle 56 
on literature card 

Sencore MU -140 
Specifications 

Tube -socket complement: 
8 -pin Octal 
8 -pin Loctal 
7-, 9-, and 10 -pin Miniature 
9 -pin Novar 
9 pin Magnoval 
12 -pin Compactron 
5- and 7 -pin Nuvistor 

Tests performed: 
Grid leakage, shorts, emission, 
transconductance, and life. 

Sensitivity: 
Grid leakage; 100 megohms. 
Shorts; 180K ohms. 

Power Requirements: 
117 VAC 25 watts. 

Size (HWD): 
43/e" x 171/4" x l21/8" 

Weight: 
16 pounds. 

Price: 
$179.50. 

MOVING? 
Don't lose touch . . . 

RECEIVE PFR AS USUAL 

(INCLUDE OLD AND NEW ADDRESS) 

PF REPORTER 

CIRCULATION DEPT. 

4300 W. 62nd St., 

Indianapolis, Ind. 46206 

loin me 

P.O.M. Club! 
Photofact-of-the- 

Month Club) 

let the exclusive features of 

PH OTO FACT 
troubleshoot for you in minutes! 

OVER 40 GREAT FEATURES, INCLUDING: 

TUBE PLACEMENT 

Famous Standard Notation 
Schematic-always uni- 
form, accurate, complete- 
includes waveforms, volt- 
ages and test points, align- 
ment points, parts values, 
tube functions, etc. 

Full Photo Coverage of the 
actual equipment makes 
identification of all compo- 
nents and wiring easy-you 
can see everything. 

CircuiTracee saves printed 
circuit board tracing time. 
This exclusive Sams sys- 
tem pinpoints junctions 
and test points on schemat- 
ic and printed board. 

Tube Location Guide en- 
ables you to locate and re- 
place proper tubes in sec- 
onds-a big time-saver on 
many repair jobs. 

Unique Alignment System 
eliminates guessing; you 
get complete instructions 
with response curves, how 
to connect test equipment, 
proper adjustment se- 
quence. 

PLUS THESE IMPORTANT TIME-SAVERS: 
Tube Failure Check Charts 
Disassembly Instructions 
Field Servicing Notes 
Terminal Identification 
Complete Replacement Parts Lists 
Alternate Tuner Data 
Resistance Charts 
Dial Cord Diagrams 
Changer "Exploded Views," etc. 

PHOTOFACT GIVES YOU EVERYTHING 
YOU NEED TO EARN MORE DAILY! 

Act today-see your 
SAMS Distributor 

Circle 26 on literature card 
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Color Tube (Continued from page 22) 

TO 3.58 MHz 
OTRANSSFORMERR 

1 MEG 

R -Y OR R -Y 
DEMO DU LATO R 

330 S2 

1K 

18 

TO CRT 
CONTROL GRID 

REDOR BLUE 
GUN 

Fig. 4. Shorted diode can 

Lit up picture tube tester. 
Checked all three guns very quick- 
ly, for emission. Green gun-OK. 
Normal emission. Red gun? Blue 
gun? Both very low in emission! 
Hooked the set up again, and 
warmed it up, then rechecked. Fine; 
equal emission. Now, I could see 
the trouble (after it hit me over 
the head) . I hooked up the picture 
tube tester again, set it to "Rejuv," 
and shot both red and blue guns. 
I hoped that this would blow off 
the scale on the cathode, or what- 
ever it was that was keeping these 
two guns cool for too long. Some- 
what to my surprise, it worked! 

When I took the set home, I 
told the owner exactly what had 
happened, and what had been done 
(to cover my tracks if the trouble 
came back). However, it ' didn't; 
this set is still performing well. 

You can get similar symptoms 
from slow -heating tubes in color 
amplifiers, as well as from thermally 
changing resistors. In all cases, 
these possibilities should be checked 
out before you make the final diag- 
nosis. Check the grid -cathode volt- 
age at the base of the picture tube 
in all cases like this, and don't 
overlook the screen voltages. A bad 
resistor anywhere in the screen net- 
work, or a slightly low boosted - 
boost rectifier could affect screen 
voltage. 

A Sylvania DO3 color portable 
had to be serviced twice in the 
home for shifting color temperature. 
The second time, the color shifted 

cause loss of one color. 

again before I got the rear cover 
back on the set. When I pulled the 
set in the shop, it gave me no end 
of fits 'till I finally found the bias 
clamp diode (D1 in Fig. 4) was 
intermittently shorting out. This 
caused a loss of bias on the demod, 
since the grid was then only 1K 
ohm above ground. 

I remember another that hap- 
pened while I was watching the 
set. The screen suddenly turned 
a very bright green and there was 
a sound like "GZLEEPF!" (This 
wasn't in the set-it was me. I was 
remembering the line in the service 
data under possible causes of trou- 
ble where it said "Bright green 
screen-defective kine") However, 
this turned out to be nothing more 
than a shorted 12BY7 in the green 
amplifier stage. Since this just hap- 
pened to be MY set, I was highly 
relieved. In fact, I heaved such a 
sigh of relief that I blew all the 
dust out of the cabinet. 

"The Boss fold him he should be more 
relaxed in dealing with the customers." 

jein the 

P. O. M. CIuDI 
( Photofact-of-the- 

Month Club) 

ONLY $10 PER MONTH 

brings you 20% MORE 

PHOTOFACT® coverage! 
YOT 

pq 
31115m erceT peot sti lee '-, 9L.`. 

SreCiMKIl8LM8S_ 
+lYe'tJ 

< 

iY115 
pqló(t I9CIXl 

1:..- ""----" .. 

As a P.O.M. member, you get 6 new 
PHOTOFACT Sets every month to 
keep you ahead earning more-and 
you SAVE OVER $60 PER YEAR! 
(Individually purchased Sets now sell 
for $2.50 each.) Your 6 Sets come in 
sturdy file folders sealed in factory 
carton to insure perfect condition and 
completeness-easier-than-ever to file 
and use. To stay ahead, to save money 
-join the P.O.M. Club today! 

SEE YOUR SAMS DISTRIBUTOR 
OR SEND ORDER FORM BELOW 

HOWARD W. SAMS 8 CO., INC. Dept. PFF.4 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Enroll me in the Photofact-of-the-Month 
Club. I agree to pay $10 per month, and 
understand I will receive 6 current Photo - 
fact sets monthly to be delivered by my 
Sams Distributor (named below). 

Name 

Shop Name 

Address.. 

City State Zip 

My Sams Distributor is: 

LSigned: J 
April, 1967 PF REPORTER 47 
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Are you eligible 
for the 

Bright Guy Awards? 

It's easy to get them-and to get all the 
business they'll bring you. New custom- 
ers. More sales. More money. 

The Bright Guy Awards is the big 
program Sylvania's running this year to 
boost your sales. 

Your Sylvania distributor can put 
your name and address in up to four 

TV Guide ads in your 
area. The ads call you 
"the brightest service- 
man in town"-and tell 
people in your town why 
they should call you. 

You'll get into the Yel- 
low Pages, too, under 
the heading "TV Service 
and Repairs." 

Once again this year 
you'll be eligible for over 

t 

one hundred valuable, 
0 interesting SMB-Bright 

SMB I Guy gifts, just for buying 
the Sylvania TV replace- 
ment parts you normally 
buy anyway. 

And you'll get window displays pro- 
claiming you "the brightest"-the TV 
serviceman everyone's reading about. 

You're eligible for the 
Bright Guy Awards just 
by buying Sylvania's fa- 
mous color bright 85® 

color picture tube. And color bright85 

our other picture tubes, 
and our receiving tubes. So see your 
Sylvania distributor. 

Sylvania Electronic Tube Division, 
Electronic Components Group, Seneca 
Falls, New York 13148. 

color bright 

SYLVANIA 
SUBSIDIARY OF 

GENERAL TELEPHONE & ELECTRONICS GTE 
Circle 28 on literature card 



We set out to give 
you the industry's 
outstanding VOM value. 
We succeecea. 

Leave it to B & K engineering 
know-how to create a Volt- 
Ohm-Milliammeter that puts 
you a jump ahead of your com- 
petition-helps make your job 
more rewarding and profitable. 
Only B & K Model 120 VOM 
offers a 2 ohm center scale, 
burnout -proof meter movement, 
a polished mirrored scale plus a 

total of 61 ranges! Model 120 
VOM ranges start lower ... and 
go higher than other instruments 
of similar size and type, making 
transistor servicing far easier. It's 

true. B&K brings you the indus- 
try's outstanding VOM value- 
Model 120 VOM, and prices it 
right! Only $51.95, net. 

Division of Dynascan Corporation 
1801 W. Belle Plaine 

Chicago, Illinois 60613 

Export: Empire Exporters. 123 Grand St.. New York 13. U.S.A. 

And we succeeded with our VTVM, too. 

Only the B &K Model 175 VTVM 
has a built-in battery eliminator 
-no ohmmeter battery re- 
quired! B & K Model 175 fea- 
tures Transit -Carry - reducing 
possibility of a bent meter in- 
dicator. In addition, B&K built 
into this VTVM a totally reliable 
protection system. The meter 
movement cannot be damaged 
from application of a wrong in- 

put voltage. Looking for the in- 
dustry's outstanding value in 
VTVM application? Look to B&K 
Model 175, only $59.95, net. 

Where Electronic Innovation 
Is A Way Of Life 

Circle 29 on literature card 
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11V 
*33V 

3 27d 7875- LC 

P.-- 

Chroma Oscillator 
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DC RESISTANCES taken with VTVM with interconnect- 
ing cable unplugged from main chassis. All con- 
trols set for proper convergence. 

. Z DEMOD 

200 m GtV Q 5% 2700 sx 
1W 0V 

*0V 
)( DEMOO 

WAVEFORMS taken with wideband scope; low -ca- 
pacitance probe (IC), connected across convergence 
yoke windings, used to obtain all waveforms shown. 

Normal Operation 

Purpose of chroma reference oscillator is to generate 
3.58 -MHz subcarrier that was used for chroma signal 
modulation at transmitter (subcarrier canceled at trans- 
mitter and not transmitted). The receiver 3.58 -MHz 
CW signal must have exact same frequency and phase 
as station subcarrier. Sample of station subcarrier 
(burst signal) used to control receiver oscillator. Búrst 
signal removed from chroma signal, amplified by burst 
amplifier, and coupled to phase detectors through 
burst transformer. Phase detectors compare burst and 
output of 3.58 -MHz oscillator. Burst at X1 cathode 
180° out of phase with burst at X2 anode. Output 
of reference oscillator coupled to common connection 
of detectors. If reference oscillator drifts so that burst 
and reference oscillator signal are not same frequency 
and in phase, one diode will conduct more than other, 
developing a positive or negative correction voltage 
at junction of R1 and R2. Correction voltage then 
applied to grid of V1 A, which functions as an elec- 
tronic variable capacitor across 3.58 -MHz crystal. Posi- 
tive correction voltage increases capacitance, thus 
lowering oscillator frequency-negative correction volt- 
age causes opposite reaction. 3.58 -MHz oscillator com- 
posed of screen grid (acting as oscillator plate), control 
grid, and cathode of V 1 B. L 1 sets the free -running fre- 
quency of the oscillator and compensates for any in- 
herent capacitance in V 1 A. 3.58 -MHz Cw signal is 
electron coupled to V l B plate and fed through oscil- 
lator transformer to X and Z demodulators. The X 
signal, coupled directly to X demodulator, is in phase 
with chroma signal, while Z signal, coupled to Z de- 
modulator through phase shifting network, is 85° out 
of phase with X signal. 

A, B 

Operating Variations 

DC voltage is determined by amplitude 
of burst (varies with station signal) and 
amplitude of feedback from oscillator 

(relatively stable with or without station signal) . DC 
voltage at A varies from about 10 volts (-10 volts at 
B) with no signal, to 42 volts (-42 volts at B) with 
strong local signal. More important, voltages at A and 
B must be balanced (if A is 35 volts, B must be -35 
volts) . If not, phase detector not operating correctly, 
or oscillator drifting. 

TPI, Pin 9 
and lof 
VIA 

Voltages depend on how close oscillator 
is running to proper frequency-if oscil- 
lator drifts, correction voltage develops 
at TPI and appears at grid of VIA. 

Change in grid voltage changes conduction of VIA, 
and plate voltage varies accordingly. VIA plate volt- 
age also dependent on setting of L1. VIA grid voltage 
varies from about + 1 volt to - 1 volt, causing plate 
voltage to vary from about 70 to 90 volts. 

VIB 
Element voltages remain fairly constant 
since oscillator runs all the time (with 
or without color signal) . Grid measures 

about -3.5 volts with color signal, -5 volts without. 
Plate increases to about 200 volts with color signal, 
decreases to 190 volts without. Voltage at screen grid 
increases slightly with color signal. 

Waveforms 
Amplitude of W1 and W2 depends upon 
level of station signal. Other waveforms 
remain constant, with or without station 

or generator signal. 

TE-" 



Symptom 1 

Symptom 
Analysis 

Color Sync Weak 

Possible Loss of Color 

X1 and X2 Unbalanced 

(Phase Detector Diodes) 

Color picture missing - b -w picture normal. Mis - 
adjusting color killer produces barber -pole effect on 
both strong and weak station signals. Readjusting re- 
actance control coil produces color picture on strong 
station signal, but loss of color sync on weak signal. 

III 7355 - L[ 

cri 
WS YN 71A5- 

Waveform Analysis 

Amplitude of waveforms W 1 

and W2 only slightly low (70 
volts p -p, normally 80 volts 
p -p), but unwanted "hash" pres- 
ent in content - burst is not 
clean. Indicates trouble in burst 
amplifier or phase detector cir- 
cuitry. Amplitudes of other wave- 
forms are also within normal tol- 
erances, but excessive burst ap- 
pears in content, as shown in 
waveform W5. Phase of signal 
is as important as amplitude, but 
cannot be determined from wave- 
forms shown here.. 

Voltage and 
Component Analysis <>35V OB -25V 

Voltages at A and Bbest clue (voltages should be with- 
in one or two volts of each other, but opposite polar- 
ity). In this case, A is 35 volts, B is -25 volts-cre- 
ates positive voltage at TP 1, causing V 1 A to alter 
frequency of oscillator. If condition not too severe, fre- 
quency can be corrected by L1. Change in frequency 
causes killer detector to think no color received, cutting 
off bandpass amplifier, unless killer control misadjust- 
ed. Symptom similar with 121 and R2 unbalanced. Re- 
sistance measurements of X1 and X2 confirms trouble. 

All Color Bars Green 

Only Green On Station Signal 

M1 Open 

(3.58 -MHz Crystal) 

Symptom 2 

Symptom 
Analysis 

Station color signal produces no color. Misadjusting 
color killer produces green where other colors should 
be-more predominant in areas that should be red. 
Generator signal produces 10 green bars. Hue control 
has little effect. Color control varies amount of green. 

Waveform Analysis 

Waveforms W5 and W6 show 
only small amount of burst feed- 
ing thru diodes X1 and X2, with 
slight amount of chroma from 
grid of demodulators. Although 
not shown, W3 at oscillator grid 
measures only .2V p -p. W4 (os- 
cillator plate) indicates only 
small amount of horizontal infor- 
mation. Waveforms W1 and W2 
(not shown) appear normal in 
content, but slightly high in am- 
plitude. All waveforms in oscil- 
lator circuit indicate oscillator 
not running. 

-.5V 
*-.5V r 

2 

1 

155 V 
*160V 

96V 
*98V 
3 

W6 LM 761i- LG 

Voltage and 
Component Analysis 

Grid, plate, and screen voltages of V 1 B below normal 
-grid extremely low-confirms oscillator not operat- 
ing. With killer control correctly adjusted, failure of 
3.58 -MHz oscillator will produce no color symptom 
since output of oscillator needed to cut off killer and al- 
low bandpass amplifier to conduct. Misadjusting killer 
control allows bandpass amplifier to conduct, but with- 
out 3.58 -MHz signal applied to demodulator grids, 
color cannot be properly demodulated. Component sub- 
stitution best troubeshooting procedure in oscillator. 

Best Bet: VTVM for voltage and resistance Best Bet: Scope; VTVM; component substitution 



Symptom 3 

Symptom 
Analysis 

Colors Not Stable 

Color Bars Drift Through Picture 

C2 Open 

(Noise Canceller Circuit-.lmfd) 

Station color signal produces true colors, except hori- 
zontal bars of wrong color drift through picture from 
top to bottom. B -W picture normal. Generator color 
bars predominantly blue, with effect similar to barber 
pole, except colors in sync. Controls operate normally. 

wl ea7 Tan- m 

W7 Ba 787t 

iPl .5V 7875^ LC 

Waveform Analysis 

Burst transformer output (not 
shown) stable. W1 and W2 have 
correct amplitude but indicate 
excessive noise between burst 
signals. Normally, only pure DC 
control voltage at TP1, with am- 
plitude dependent upon amount 
needed to correct oscillator fre- 
quency-waveform shown here 
indicates AC component present 
at this point. Waveform at grid 
of V1A (not shown) measures 
5 volts p -p (normally about 1 

volt p-p)-probe causes loss of 
color sync. 

Voltage and 
Component Analysis NO SYMPTOM 

All DC voltages within tolerance, indicating that phase 
detector circuit balanced and operating correctly. Since 
open C2 does not upset DC voltages, best clue is AC 
component present in waveform at TP1. C2, R3, and 
Cl form noise cancelling filter to remove any noise 
present in burst amplifier output. With C2 open, noise 
is applied to grid of V1A, varying conduction of this 
tube, and altering phase of 3.58 -MHz oscillator at noise 
rate-noise signal is impressed on 3.58 -MHz input to 
demodulators, upsetting chroma demodulation. 

No Color Sync 

Possible Loss of Color 

R7 Increased In Value 

(VIA Plate Load Resistor -47K, 1W) 

Symptom 4 

Symptom 
Analysis 

First symptom is no color. Misadjusting color killer 
control produces color-but out of sync. Shorting TP1 
to ground and adjusting L 1 brings color bars into sync, 
but when short removed from TP1, color bars again 
lose sync-barber-pole effect. 

Waveform Analysis 

Amplitude of W 1 and W2 at in- 
put of phase detector is good, 
but content-along with pres- 
ence of unwanted signal at TP1 
-indicates that oscillator is off 
frequency. W3 (not shown) 
measures 26 volts p -p. Wave- 
forms W5 and W6, at output of 
reference oscillator, can be 
checked to confirm that oscillator 
is running when no color is ob- 
served - aside from these ob- 
servations, waveforms little help 
in diagnosing trouble since phase 
cannot be determined. 

-.45V 
-.4V 

8 

.8V 
*.8V 

21V 
*20V 

1P1 IV 7875- LC 

Voltage and 
9 Component Analysis 

Best clue is decreased DC plate voltage . of V 1 A (20 
volts, normally 70 to 90 volts). Reactance tube plate 
current leads oscillator voltage by 90°, adding capaci- 
tance across L 1. Normally, correction voltage at grid 
of V 1 A varies plate current to compensate for fre- 
quency shift of oscillator. Increase of R7 decreases 
plate current, causing less capacitance across L1, in- 
creasing oscillator frequency. Also, plate voltage low- 
ered beyond point at which grid voltage can cause 
enough change in plate current to offset error. 

Best Bet: Scope; circuit analysis Best Bet: Preliminary checks; VTVM 



Symptom 5 

Symptom 
Analysis 

Weak Color 

Color Sync Unstable 

C9 Open 

(Bypass Capacitor-.01mfd) 

Colors on strong station, even with color control wide 
open. Weak stations don't produce enough color-sync 
unstable. Generator with output higher than normal 
produces only weak color, although sync is stable with 
lower output. Hue control produces proper hues. 

Wb >V ]575- lC 

JUNO CV, RIO INN ]Sß- IC 

Waveform Analysis 

Amplitude of waveforms W5 and 
W6 extremely low (7 volts p -p, 
normally about 22 volts p-p)- 
indicates demodulators, phase 
detectors, and killer detector not 
receiving enough 3.58 -MHz sig- 
nal. Although waveform W3 
(not shown) is low (13 volts 
p -p, normally 20 volts p -p) , it 
does show oscillator running. Ob- 
vious clue to trouble is wave- 
form at junction of C9, L13, R10 
-should be nearly pure DC in- 
stead of AC shown here. 

Voltage and 
Component Analysis 

-3.21 
*-3.3V ,-- 

2 

185V 
185 V 

130 V 
*133V 
3 

DC voltages at A and B low, but balanced. V 1B grid 
voltage slightly low. V1B screen (oscillator plate) volt- 
age high (133 volts, normally 110 volts). C9 is RF 
ground for output of V 1 B. Open C9 causes signal to be 
dissipated along B + line, reducing amount of signal 
applied to L3. Weak signal at C and D reduces effec- 
tiveness of demodulators, resulting in weak colors. 
Leaky C9 causes same symptoms by reducing V1B 
plate voltage-shorted capacitor kills color. Increase in 
R10 causes same symptoms by reducing W5 and W6. 

Color Sync Unstable 

Phase Error Slight 

L2 Open 

(Oscillator Feedback -5.6 uh) 

Symptom 6 

Symptom 
Analysis 

No color when set first checked. Grounding TP1 and 
adjusting L1 produces color, but not stable-hue keeps 
changing-not complete loss of color. Generator signal 
produces color, but phase constantly changes until sync 
or color is lost. 

Waveform Analysis 

Amplitude and content of W 1 

and W2 near normal - along 
with preliminary check (ground- 
ing TP1 and adjusting L1 for 
color), eliminates phase detector 
input as source of trouble. W5 
and W6 (not shown) are normal 
and indicate oscillator is run- 
ning, with or without sync or 
color. Waveform at junction of 
L2, X1, and X2 is obvious clue 
to trouble-should be similar to 
W5, but only trace of rectified 
burst is observed. 

-.1V -7V 
*-.2V *-27V 

O 0 
OV 

* OV 

TP1 

W3 1W 7875- LC 

JUNGT IZX4X2 IV 7515- LC 

Voltage and 
Component Analysis 

Preliminary checks indicate oscillator capable of run- 
ning on correct frequency. DC voltages at A and B un- 
balanced-would normally indicate X 1, X2 or R 1, R2 
unbalanced or defective; however, absence of correc- 
tion voltage at TP1 does not support this assumption- 
normally, such unbalance would produce large correc- 
tion voltage. Another clue is absence of even small volt- 
age (- .1 to .1 volts) normally present at junction of 
L2, X1, and X2 with signal-best clue is waveform at 
this junction-resistance checks verify trouble. 

Best Bet: Scope will solve. Best Bet: Scope; then VTVM. 



This little part' plays 
a big role in radio. 

This box gives you top revues. 

The transistor is no bit player 
when it comes to radio 

performance. That's why Delco 
transistors are manufactured 

under controlled conditions that 
assure extremely high reliability. 

And why they're thoroughly 
tested before being placed in 

the familiar blue and black box. 

Delco Radio engineers are 
leaders in auto radio design 

and transistor technology. 
One reason why Delco radios 

are original equipment on over 
half of the cars on 

the road today. 

That United Delco box is your 
guarantee of genuine OEM 

1 CM 

Transistor 

quality replacement parts. 
Doesn't it make good sense to 
stock the best for your customers? 

Remember these facts when you 
re -order. And remember, too, 
that your United Delco supplier 
handles the most widely 
advertised, merchandised and 
recognized name in the 
parts business. 

Next time you think little, 
think big. Think Delco. 

DELCO RADIO, Div. of General Motors, Kokomo, Ind. 

GM 
MARK OF EXCELLENCE 

/11 United V 
Delco 

April, 1967/PF REPORTER 55 



The industry's most complete line of ceramics, miniature 
electrolytics and polystyrenes cover almost all of your color TV 
Capacitor needs-and they are in stock at your Centralab Distributor. 

OTHER COLOR TV COMPONENTS 

Color TV Controls 
The Fastatch II system provides an exact 
duplicate control for almost any applica- 
tion with exact length shafts, shaft ends, 
mounting hardware and electrical ratings 
for singles, twins and dual concentrics, 
with or without line switches. 

Color TV Packaged circuits 
With over 200 types of exact replacement 
PEC® packaged circuits in stock and the 
industry's most complete replacement 
Guide, your Centralab Distributor can 
supply most of your TV replacements 
faster than any other source! 

RELY ON YOUR CENTRALAB DISTRIBUTOR FOR THE FINEST COLOR TV REPLACEMENTS: 

FREE 
New detailed Catalog 33 -GL 

of Centralab Color TV Replacement 
Components is available from your Distributor 
or by writing directly to Distributor Products, 

Centralab, The Electronics Division of 
Globe -Union Inc., P.O. Box 591, 

Milwaukee, Wisconsin 53201. 

S-6712 

CENTRALAB 
Electronics Dwision 
GLOBE -UNION INC. 

Electronic Notebook 
(Continued from page 36) 

ANODE 

CATHODE 

DYNODES 

LIGHT 
H IELD 

LIGHT 

MICA SHIELD 

(A.) Physical construction. 

(B.) Schematic symbol. 

Fig. 12. Photomultiplier provides 
greater sensitivity. 

nects the DC input to opposite ends 
of the transformer primary. The 
resulting AC signal from the trans- 
former can now be amplified in 
conventional RC or transformer - 
coupled stages. Another reed, driv- 
en in synchronism with the input 
reed, demodulates the output to 
provide a DC voltage which is an 
amplified reproduction of the DC 
input signal. 

Photomultiplier 
The photomultiplier shown in 

Fig. 12 is used for applications re- 
quiring a phototube of extremely 
high sensitivity. This tube is so 
sensitive it can be driven to satura- 
tion by a level of illumination too 
low to produce a response from a 
conventional phototube. This high 
level of sensitivity is achieved by 
utilizing the phenomenon of sec- 
ondary emission. 

Electrons emitted from the light- 
sensitive cathode are attracted to an 
adjacent element known as a dy- 
node. This action is shown in Fig. 
12A. As a result of the impact, 
secondary electrons are knocked off 
of the first dynode, and in turn, are 
attracted to the second dynode. 
Similarly, secondary electrons from 
the second dynode are attracted to 
a third dynode, etc. Each dynode 
is made more positive than the 
preceding one so that electrons will 
flow from dynode to dynode in suc- 
cession. A 
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NIINEN 
AMERICA'S FINE 

MOST RELIABLE 
TUBE 
ANALYZER 

A "MUST" FOR MODERN SERVICING 
. . . PRODUCTION LINE TESTING . . . 

QUALITY CONTROL ... LABORATORY. 

A True Gm Tester 
5000 Cycle Gm Test 
Full Cathode Emission Check 
100 Megohm Grid Leakage Test 

and Still the Speediest Tester in Town 

In a nut shell ... here is how Sencore 
does it. Using only the first three con- 
trols, the MU140 becomes a speedy 
"Mighty Mite" cathode emission tester 
with grid leakage sensitivity checks up 
to 100 megohm ... for fast on the spot 
service. Flip the last three switches into 
operation from the set-up data and the 
MU140 becomes a true mutual conduc- 
tance tube tester using 5000 cycle square 
wave to completely analyze any tube. 
You can't go wrong. No more need to 
mess around with time-consuming old 
fashioned tube testers with up to four- 
teen knobs and a rough 60 cycle sine 
wave test. The Continental tests them 
all including foreign tubes . . . over 
3000 in all. And, it's guaranteed against 
obsolescence too with replaceable "new 
socket" panel and controls so standard 
that the switch numbers correspond to 
the pin numbers shown in any tube man- 
ual. You can actually set up the Con- 
tinental without the set-up data in the 
cover if the need should arise. Here 
is everything that you could want. Its 
famous four way independent tests make 
you a master of the art of tube testing 
. . . internal shorts test; full cathode 
emission test; 100 megohm grid leakage 
test; and to back you up on critical tubes ... a superb mutual conductance test. 
The beautiful Continental is housed in 
a vinyl -clad solid -steel attache case with 
lustrous all -chrome front panel. Yet at 
a price below all competition. 

(7950 S NCOR, 
NO 1 MANUFACTURER Of ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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ANTENNAS 

can add 

PROFITS 

Spring and summer antenna 
sales can put dollars in your 
pocket. Apply the practices 
outlined here. 

With warm weather just around 
the next page of the calendar, 

now is the time to make your plans 
for the big push to sell antenna in- 
stalstallations this year. Industry 
forecasts place color receivers in 40 
million homes in the U.S. by 1970. 
This could mean 40 million potential 
customers for antenna installations. 
Furthermore, there is a potential 
market of staggering proportions for 
replacement antennas. 

Quality Units 

The installation of a modern an- 
tenna, particularly for use with a 
color receiver, is not a low -end, in- 
expensive unit such as we all re- 
member in the past. These installa- 
tions require quality, top -of -the -line 
merchandise calling for a profes- 
sional installation. This is basically 
the reason the new set owner should 
contact a serviceman, rather than 
"do it himself." 

During our travels around the 
country, we have encountered in- 
numerable problems resulting from 
the improper installations of anten- 
nas for use with color sets. These 
improper installations, usually done 
by "do-it-yourselfers," make the 
best advertising for you, the profes- 
sional installer. To paraphrase Con- 
fucius: One bad picture on TV 
worth one thousand newspaper ads. 

As previously indicated, the in- 
stallation of an outdoor antenna to- 
day is much more critical than it 
was in the early days of television. 
Some of the problems encountered 
today are the results of: 

1. Increasing number of UHF 
stations broadcasting color. 

2. Intereference, ghosts, and 
snow are much more irritat- 

Jack Graham 

ing on a color picture. This 
requires more attention to 
the choice of lead-in wire and 
the manner in which the wire 
is installed, as well as the 
qualiyt of the antenna. 

3. Installations using p o or 
mounting materials. 

UHF 

Fifteen years ago, a UHF 
station was somewhat of an oddity 
in most areas. In most cases it was 
an experimental educational station 
or a translator. There were very 
few locations in the country where 
a prime network affiliate was broad- 
casting on UHF. Virtually every 
metropolitan area in the country 
was a solid VHF territory. As tun- 
ers became more and more sensi- 
tive, the need for high -quality, high - 
gain, directional antennas dimin- 
ished. The inexpensive conical be- 
came the standard in almost every 
area. As is the case in most dimin- 
ishing markets, the profit margin 
for those servicemen working in 
the field became smaller. 

As UHF stations came on the 
air, the tendency was to install an- 
other inexpensive antenna to pick 
up the additional signal. Of course, 
if there were two UHF stations in 
different directions, either a rotator 
installation or still more antennas 
were required. We have seen as 
many as three knife switches 
mounted on the back cover of a 
console in order to connect differ- 
ent antennas. The FM stereo market 
was also on the upswing at this 
time, and that called for still an- 
other antenna, since neither the con- 
ical nor the UHF antenna could 
give satisfactory stereo reception. 
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hats off to the 
new king... 

ri4 
...THE NEW SENCORE COLOR KING 

CG141 DELUXE COLOR GENERATOR 
This is it . the KING of all standard color bar 
generators. It is standard in every respect but has 
new regal features that tower over any other color 
generator on the market. Check these new royal 
features before you dare let yourself look at any 
other color equipment. 
Two new color patterns: The Color King has all 
five standard patterns plus two new patterns; a 
single dot and a single cross. The dot and cross 
can be centered or moved to any spot on the 
screen. Truly a Sencore exclusive. 
Temperature Controlled Circuits: No more worry 
about timer jump in cold weather or on hot days. 
Sencore's new "Temp Control" maintains a thermo- 
statically controlled temperature above 80 degrees. 

The Color King will maintain stability anywhere 
from 20 degrees below zero to 140 degrees in the 
shade. Another Sencore first. 

New Snap Tuning: Eliminates troublesome tuning 
between channels. It's just like tuning in a channel 
on your TV. You know that you are"on the nose" 
with the Color King. 

New Analyzing Features: Increased output of Chro- 
ma and Sync signals for new TV sets make the 
job of tying down Chroma troubles a snap. 

Check all these features, the price, and appearance. 
Then compare with other color generators. You, 
too, will say "hats off" to the new Sencore COLOR 
KING. THE KING OF VALUE AT ONLY $149.95 

See America's most complete line of professional test instruments-at your Distributor now. 

F V V O NO 

MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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You will probably recognize the 
"aluminum jungle" look that most 
of our cities and suburbs began to 
develop. That "aluminum jungle" is 

still there and has not improved. 

New Antennas 

In most cases, the antennas in 

one of these multi -multi -antenna in- 
stallations were placed so close to- 
gether that interference resulted and 
considerable signal was lost. 

To eliminate these disadvantages, 
the antenna engineers had to de- 
velop antennas that would provide 
uniformly good reception through- 
out the entire television spectrum 
and also have sufficient emphasis 
on the FM band to allow for stereo 
reception. Such antennas are now 
available from many manufacturers, 
and you can sell them. 

When a new color receiver is in- 
stalled with the existing black -and - 
white antenna as the only method 
of receiving a signal, the new set 
loses almost 50 percent of its value 
to the owner. The ills inherent in 

the old antenna can completely 
block out any real fidelity in the 
color reception. Also, the conical 
antenna will pass all kinds of spu- 
rious transmissions. 

Obviously this customer is now 
ready for a new antenna. However, 
since he has just paid in the neigh- 
borhood of $500 for his color set, 
he might pick the antenna as the 
spot to start economizing. This is 

your opportunity to point out the 
troubles he can incur by relying on 
the old antenna. If there are no 
UHF stations operating in the area 
you are probably trying to sell a 
VHF antenna. However, you can 
upgrade your sale by pointing out 
that UHF stations may be sched- 
uled for future operation. Stress the 
beauty of FM stereo and have a re- 
ceiver installed in the salesroom so 
the customer can hear it. He may 
now be in the market for a UHF - 
VHF -FM combination antenna. 
Don't forget the possibility of a ro- 
tator if stations in your area are 
widely scattered. 

Each and every house call pro- 

vides an opportunity to sell a re- 
placement antenna. As you ap- 
proach the house, give the antenna 
a once-over. When you have the re- 
ceiver repaired, mention that you 
do make antenna installations and 
that the antenna is really due for re- 
placement. Have a reminder card 
ready to hand to the customer. Ask 
if they are having trouble receiving 
any stations. If they are, point out 
that the antenna is a likely cause. 
Explain how corrosion and old age 
cause an antenna to deteriorate 
gradually, along with a correspond- 
ing decrease in picture quality. Such 
an explanation may help the cus- 
tomer realize that his reception isn't 
as clear and solid as when the an- 
tenna was new. Thus, the prospect 
of restoring good reception may sell 
the antenna installation for you. 

The Installation 

Of course, all of the black -and - 
white "do's and don'ts" are still 
valid; however, they are even more 
important with a color antenna in- 
stallation. Do use the shortest pos- 

BE SUSPICIOUS 
DON'T WAVER 

IF IT SAYS BELFUSE...YOU CAN TRUST li! 
No Matter What Else 

You See or Hear 
You Run a Risk 

If You Don't See 
BELFUSE " 

THE ONLY 
CHEMICAL FUSE 

USED BY 

LEADING 
SET MANUFACTURERS! 

"BELFUSE",., 
SUPPLIED EXCLUSIVELY BY 

GC ELECTRONICS. 
DIVISION OF HYDROMETALS, INC. 

EASTERN PLANT I MAIN PLANT 
I 

WESTERN PLANT 
HICKSVILLE, L.I., N.Y. ROCKFORD, ILL,U.S.A LOS ANGELES, CALIF. 

GC 
ELECTRONICS 
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ISOLATE ANY 

SWEEP PROBLEM 

IN SECONDS 

COLOR OR 

B/W 

INADEQUATE WIDTH 

ALL NEW SENCORE 

SS137 

SWEEP CIRCUIT ANALYZER 

Sync circuits and 

horizontal sync dis- 

criminator 

Horizontal oscilla- 
tor by direct sub- 
stitution from 
SS131 Universal 
Horizontal Oscilla- 
tor 

Vertical oscillator 
by direct substitu- 
tion from SS131 
Universal Vertical 
Oscillator 

Horizontal output 
by direct signal 
substitution 

NEW/ 

Sweep circuit defects cause the toughest dogs, especially with color. 
Simplify them in seconds with the All New Sencore Sweep Circuit 

Analyzer. The only complete Sweep Circuit Analyzer available. 
The SS137 trouble shoots each and every stage in both the 

vertical and horizontal sweep sections of the receiver, by either 
signal injection or direct substitution of the entire stage. 

Using tried and proven methods, the Sencore SS137 takes the 
sweat out of sweep circuit trouble shooting. All tests are with the 

set on, dynamically in the circuit ... to insure the 
most reliable and accurate check on each component. 

Vertical output 
by direct signal 
substitution 

Horizontal flyback 
transformer dynam- 
ic check with TV on 

reads in degrees of 
deflection 

In addition, a built-in VTVM and milli- 
ampere meter to back you up when 
setting regulator currents and measur- 
ing current through the horizontal out- 
put stage. Measures AC peak to peak 
and DC voltages up to 1000 volts. There 
is even a clip -on high voltage probe 
and a meter circuit for measuring and 
monitoring the second anode up to 
30,000 volts in two ranges at the flick 
of a switch. An absolute MUST for 
color. 

Vertical output 
transformer by spe- 

cial vertical trans- 
former drive signal 

High voltage focus 
and 2nd anode with 
built-in probe g 

meter 

ALL 

FOR 

ONLY 

$945° 

Vertical deflection 
yoke by special ver- 
tical yoke drive 
signal 

Horizontal deflec- 
tion yoke by direct 
substitution of uni- 
versal horizontal 
yoke 

PLUS - These Special 

Sencore Extras 
Glass mirror in the lid to setup linear- 
ity and height adjustments. 
Removable hinged cover that can be 
left right on the unit for protection to 
and from the job. 

All steel construction for maximum 
durability. 

See America's most complete line of professional test instruments - at your Distributor now. 
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