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The name of 
the game 

was hide and seek. 
The good color picture hides. The viewer 
looks for it. And sometimes it takes quite 

a while to find. The 

good sound 
drifts, and 

between 
rotor 

and tuning dial the search for 
a perfect stereo balance be- 

gins again. 

Well now all that time - 
wasting and bother is over. 

Because CDE invented the 
AutorotorTM system. 
It's more than 
an ordinary 
rotor. Buttons 
are easily set 

forclear, bright, 
perfect color pic- 

tures. And pure 
stereo sound. There 
are five and they allow 
you to pre-set 10 to 15 

channels. Leave one 
channel and whenever 
you choose to return to 
it, just press the 
button again. 

CDE'sfamous heavy- 

duty Bell Rotor gives you high repeatability 
and no antenna drift. It's an all -solid-state, 
silent operation. The Autorotor system's 

precision is within 1° and com- 
bining it with pushbutton elec- 

tronic control, not mechani- 
cal control, makes it today's 
most advanced rotor. 

CDE took another step 
forward in the Autorotor con- 

trol design. They had William 
Snaith, of Loewy-Snaith, world 

famous designers, create the 
Autorotor console. He 

made it attractive. Made 

it so you can place it on 

a table top or shelf with- 
out it being an eyesore. 

This is the story you 

can tell your customers 
to sel I thetop-of-the-line 

in rotors. The latest ad- 

vance from the quality 
house of rotors - 

Cornell-Dubilier. 
For complete informa- 

tion on new Autorotor write: 

cog CORNELL- 
DUBILIER 

50 Paris Street, Newark, New Jersey 07101 
"Remember to ask what else needs fixing" 
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MALLORY Tips for Technicians1 

Do-it-yourself stereo clutch controls 

First, squeeze the end tines of the outer shaft together (the tines on 
the end of the shaft that go into the control) with a pair of pliers, until 
the tines just touch. Then insert the outer shaft into the front control 
section. 

Next, insert the inner control shaft through the outer shaft from the 
front. You'll have to apply some pressure to force the inners dt 
ttE sigh the squeezed tines of the outer shaft. As you do this, the 
outer shaft will lock in place in the front control section. 

Now push the inner shaft through the front control far enough so you 
can slide the rear control section in place on the shaft. Finally, attach 
the rear control section and snap it into place. 

Many stereo sets use a dual volume control which 
lets you adjust volume of both channels either to- 
gether or separately. As in most dual controls, there's 
an inner and outer shaft linked to the front and rear 
control sections. By means of separate knobs, you 
can adjust each channel simply by holding one knob 
and rotating the other ... and this is how you adjust 
right and left balance. These controls have an extra 
feature: there's a friction clutch that ties the two 
shafts together. So once you set the balance the way 
you want it, you can turn just one knob and raise 
or lower both channels together. 

When you need to replace one of these clutch con- 
trols, you may find that an exact replacement may 
be tough to locate. Rather than go to the delay and 
cost of ordering from the manufacturer, you can get 
the job done quickly and economically by one visit 
to your Mallory distributor. He'll have the parts 
you need in his Sta-Loc® Control cabinet. They're 
all standard Sta-Loc parts. It's what you do to 
them that's special. 

And what have you got? A friction clutch dual con- 
trol, tailor-made for stereo. Friction between inner 
and outer shafts will make both controls move when 
either knob is turned-or either knob can be turned 
separately while you hold the other. 

This is just one of the many time -saving tricks you 
can do with the Sta -Loe Controls components im- 
mediately available from your Mallory Distributor. 
See him for all your replacement parts requirements. 
Or write Mallory Distributor Products Company, 
a division of P. R. Mallory & Co. Inc., Indianapolis, 
Indiana 46206. 

DON'T FORGET TO ASK 'EM --Vda ̀  e& geed -4 cx¿i ? " 
Circle 2 on literature card 

September, 1968/PF REPORTER I 



September, 1968 Volume 18, No. 9 EDITORIAL 

PF Reporter a 
PH OTO FACT 

the magazine of electronic servicing 

!!L fAit itiae 

4 Sync Is Simple ... Almost. A case history that points up the 

value of waveform analysis in solving sync problems. 

14 This Thing Called Stereo. A fresh approach to the how's and 
why's of in-depth sound. 

18 Transistors: State of the Art Report-Part 3. A discussion on 

test methods and test equipment required to service solid-state 
designs. 

26 Stage -by -Stage Gain Testing in Solid -State TV. An "old" 
troubleshooting method applied to today's transistor circuitry. 

34 Routine Servicing of Auto Radio. In -auto and bench -servicing 
procedures that pinpoint defects in minimum time. 

ABOUT THE COVER 

The service technician on 

this month's cover is 

using the proper tech- 

nique for solving sync 

problems-the scope and 

waveform analysis. 

DEPARTMENTS 

Tube Substitution 
Supplement a 

The Electronic Scanner 11 

Notes on Test Equipment 40 
Symfact 47 

The Troubleshooter 53 

Photofact Bulletin 56 

Product Report 57 

Book Review 67 

Advertisers' Index 67 

Free Catalog and 
Literature 68 

Second -Class Postage Paid at Indianapolis, Ind. Published monthly by INTERTEC PUBLISHING 
CORP., 1014 Wyandotte St., Kansas City, Mo. 64105. 

Copyright, 1968, Howard W. Sams Co., Inc. All Rights Reserved: Material may not be repro- 
duced or photocopied in any form without written permission of publisher. 

GEO. H. SEFEROVICH, Director 
J. W. PHIPPS, Managing Editor 

ELLSWORTH LADYMAN, Technical Editor 
B. J. MILLER, Editorial Assistant 

DUDLEY ROSE, Art Director 
LEILA JOHNSON, Assistant Artist 

TECHNICAL CONSULTANTS 

JOE A. GROVES 

C. P. OLIPHANT 

EDITORIAL ADVISORY BOARD 

LES NELSON, Chairman 
Howard W. Sams & Co., Indianapolis 

CIRCULATION 

R. VINCENT WARD, Director 
PAT OSBORNE, Manager 

ADVERTISING 

E. P. LANGAN, Director 
R. JACK HANCOCK, Manager 

S. F. WILSON, Production 
LEE MILLER, Promotion 

REGIONAL ADVERTISING SALES OFFICES 

Indianapolis, Indiana 46206 
ROY HENRY 

HOWARD W. SAMS & CO., INC. 
4300 West 62nd St. 
Tele: 317/291-3100 

New York, New York 10019 

ALFRED A. MENEGUS 
3 W. 57th St. 

Tele: 212/MUrray Hill 8.6350 

Los Angeles, California 
THE MAURICE A. KIMBALL CO., INC. 

2008 Carson St., Suites 203-204 
Torrance, California 90501 

San Francisco, California 94104 
THE MAURICE A. KIMBALL CO., INC. 

580 Market Street, Room 400 
Tele: 415/392-3365 

London W. C. 2, England 
JOHN ASHCRAFT & CO. 

12 Bear Street 
Leicester Square 

Tele: WHitehall 0525 

Amsterdam C. Holland 
JOHN ASHCRAFT & CO. 

W.J.M. Sanders, Mgr. 
Herengracht 365 

for Benelux & Germany 
Tele: 24.09.08 

Paris 5, France 
9 Rue Lagrange 

ODEon 20.87 

Tokyo, Japan 
INTERNATIONAL MEDIA 

REPRESENTATIVES, LTD. 
3, Nakanocho, Akasaka, Minato-ku 

Tele: 582-5881 

Óé 
PF REPORTER is published monthly by In. 
tertec Publishing Corp., 1014 Wyandotte 
Street, Kansas City, Missouri 64105. 

Subscription Prices: 1 year-$5.00, 2 years 
-$8.00, 3 years-$10.00, in the U. S. A., 
its possessions and Canada. 

All other foreign countries: 1 year-$6.00, 
2 years-$10.00, 3 years-$13.00. Single 
copy 75t; back copies $1. 

Qtäi Robert E. Hertel, Publisher 

Intertec Publishing Corp. 
Subsidiary of Howard W. Sams & Co., Inc. 

2 PF REPORTER/September, 1968 



YOU DON'T NEED TO MAKE IgVU_z 

MORE SERVICE CALLS 
TO DO MORE BUSINESS 

JUST ASK, "WHAT ELSE NEEDS FIXING?" 
ON EVERY SERVICE CALL YOU MAKE 
A test program initiated by the Electronic Industries Association in a large mid -west 
area proved the point. Participating service dealers enjoyed a 71/2% bounce in business. 
There's magic in asking! 

You can do it too: Put the question to your customers visually as well as verbally. 
Apply "What else needs fixing?" stickers on your caddy and in your store. Request sticker 
D-200 from your Sprague distributor, or write: Sprague 
Products Co., 105 Marshall St., North Adams, Mass. 01247. 

SPRAGUE® 
THE MARK OF RELIABILITY 

WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
Circle 3 on literature card 
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Sync is simple.,. a/most 
An analysis of waveforms pinpoints 
the cause of a sync problem. 

by Stan Prentiss 

When broadcast sync pulses and 
the output of the receiver sync os- 
cillators fail to mesh there is always 
trouble. 

Here is an example. An older 
receiver, an RCA 17PD8094, had 
a shorted RF amplifier that burned 
a 270 -ohm current limiting resistor 
connected to B+. In addition, a 
misplaced audio tube (a 4AU6 can 
be substituted for a 4DT6) produced 
buzzing sounds. After these troubles 
were eliminated we were ready to 
tackle the sync problem: intermit - 

Fig. 1. Signal at plate of video amplifier. 

tent vertical roll accompanied by in- 
termittent shrinkage of the raster. 

This receiver is one of the first 
printed -circuit portables with a 
combination video and sync chassis 
separate from the remaining cir- 
cuitry. The video -sync chassis is 
securely fastened at right angles to 
the hand -wired horizontal output 
and high- and low -voltage supplies 
that are attached to an upright metal 
plate which is parallel to the CRT. 
Screws secure the perpendicular 
video -sync chassis. There are also 
numerous solder points hidden be- 
neath a bolted and soldered shield 
plate that covers the entire bottom. 
Therefore, investigations or repairs 
from the underside of these circuits 
can be difficult. 

The best approach to both tubes 
and components was from the top. 
The chassis and the CRT had to be 
pulled from the cabinet. After at- 
taching an isolation transformer 
(the set has one side of its AC 
power input connected to the chas- 
sis), B+ was measured and found 
adequate, as was B+ boost. With 

these two voltage sources eliminated 
as possible causes of the trouble, the 
next problem was getting at the 
tubes to make voltage and wave- 
form measurements. This was ac- 
complished with 7- and 9 -pin tube 
mounts that fitted in the several 
tube shields housing the video am- 
plifier, the sync separator and the 
vertical oscillator -output stages. All 
mounts were secured so there was 
no excess wiring capacitance. 

The next step was to apply the 
oscilloscope, which employed a set 
of DC and AC amplifiers with a 
triggered sweep time base calibrated 
to within 5 percent. With the centi- 
meter values shown for each wave- 
form, the AC peak -to -peak value 
for each signal and its DC operat- 
ing voltage level could be quickly 
determined. This also gave an ac- 
curate time base reference. Trig- 
gered sweep held each waveform 
steady throughout the entire volt- 
age and frequency investigation. 
Since sine T=1 /f and F=1 /t, the 
use of the time base allowed sec- 
onds to be conveniently converted 
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OVERHAUL S9.75 

OVERHAUL 

GUARANTEED 

for 1 Year 

REPLACEMENT TUNERS .'$10.45 
Nine -seventy-five buys you a complete tuner overhaul-in- 
cluding parts (except tubes or transistors)-and absolutely 
no hidden charges. All makes, color or black and white. 
UV combos only $15. 

Guaranteed means a full 12 -month warranty against defec- 
tive workmanship and parts failure due to normal usage. 
That's 9 months to a year better than others. And it's 
backed up by the only tuner repair service authorized and 
supervised by the world's largest tuner manufacturer- 
Sarkes Tarzian, Inc. 

Four conveniently located service centers assure speedy 
in -and -out service. All tuners thoroughly cleaned, inside 
and out ... needed repairs made ... all channels aligned to 
factory specs, then rushed back to you. They look-and 
perform-like new. 

Prefer a universal replacement? Sarkes Tarzian will 
give you a universal replacement for only $10.45. This 
price is the same for all models. The tuner is a new 
tuner designed and built specifically by Sarkes Tarzian 
for this purpose. It has memory fine tuning-UHF 
plug-in for 82 channel sets-universal mounting- 
hi-gain-lo-noise. 

ORDER TUNERS BY PART NUMBER, 
AS FOLLOWS: 

Intermediate AF Amp Osc. Mixer 
Part Frequency Tube Tube Heater 

MFT-1 41.25 me Sound 
45.75 me Video 

MFT-2 41.25 me Sound 
45.75 me Video 

MFT-3 41.25 me Sound 
45.75 me Video 

6GK5 

3GK5 

2GK5 

6L18 Parallel 6.3V 

5L18 Series 450 MA 

5CG8 Series 600 MA 

Prefer a customized replacement tuner? The price will 
be $18.25. Send us the original tuner for comparison 
purposes, also TV make, chassis and model numbers. 

SEND ORDERS FOR UNIVERSAL AND CUSTOMIZED REPLACEMENT 

TSC 

TUNERS TO OUR OFFICE IN INDIANAPOLIS. 

TUNER SERVICE CORPORATION FACTORY -SUPERVISED TUNER SERVICE 

MIDWEST 

EAST 
SOUTH-EAST 
WEST 

817 N. PENNSYLVANIA ST., Indianapolis, Indiana 
Heme Office) 

547-49 TONNELE AVE., Jersey City, New Jersey 
938 GORDON ST., S. W., Atlanta, Georgia 
SARKES TARZIAN, Inc. TUNER SERVICE DIVISION 
10654 MAGNOLIA BLVD., North Hollywood, California 

TEL: 317-632-3493 

WATCH FOR NEW CENTERS UNDER DEVELOP VENT 

TEL: 201-792-3730 
TEL: 404-758-2232 

TEL: 213-769-2720 
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Fig. 3. AC voltage measured with the ver- 
tical amplifiers of scope on DC. 

Fig. 4. Waveform with negative tipp was 
obtained at grid of sync separator. 
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Fig. 5. Amplified signal al plate of sync 
separator appeared inverted. 

11 
In +tlrtar tas 

Fig. 6. Plate waveform of sync amp ifier 
at p -p val Je of 40 volts. 

1111111111111111 
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impuzzowir 

1111111111111111111 
Fig. 7. Waveform at grid of vertical es- 

cillator with plate shorted 'o ground. 

Fig. 8. Waveform less than 20C volts p -p. 

to cycles per second, milliseconds 
to kilohertz and microseconds to 
megahertz. In estimating the repeti- 
tion rate of a 3.5 -MHz sync signal 
in a color set, timing a 19-KHz 
sinewave in a stereo receiver, or do- 
ing industrial digital or analog work, 
this extra facility is almost a neces- 
sity. This timing will be demon- 
strated later. 

Investigating the associated wave- 
form showed obvious defects that 
helped pinpoint the cause of the 
trouble. The signal shown in Fig. 
1 was obtained at the plate of the 
video amplifier (V6A, Fig. 2) that 
supplies both the CRT and the sync 
section. With the contrast control 
set at mid range, the video mea- 
sured about 40 volts p -p. In the 
waveform in Fig. 3, this same AC 
voltage was measured with the ver- 
tical amplifiers on DC and was 
shown riding at about 170 volts DC. 
Checking the schematic showed both 
levels within tolerance and, even 
with the sync plateau a little higher 
than the remainder of the wave- 
form, it passed as a satisfactory AC 
and DC voltage. 

Connecting the scope probe to 
the grid of the sync separator (V6B, 
Fig. 2) produced the waveform 
shown in Fig. 4. It was noticed that 
the waveform's tip was negative one 
or two volts and its amplitude varied 
between 10 and 20 volts, depend- 
ing on the incoming signal from the 
video amplifier. The video at this 
point was stripped from the sync 
signal by a combination of grid 
biasing and low plate voltage. The 
amplified signal appeared inverted 
at the plate of the sync separator, as 
shown in Fig. 5. The amplitude was 
22 volts and was hanging at a DC 
level of 60 volts. This waveform 
must swing to considerably more 
than the 45 volts DC illustrated on 
the schematic, and the signal ampli- 
tude should be at least 35 volts to 
correspond to that at the grid of the 
sync amplifier, V5B. This was the 
first defect to be investigated. 

Keeping Fig. 5 in mind, the re- 
mainder of the sync and vertical 
circuits were checked. Fig. 6 
showed the plate waveform of the 
sync amplifier at a peak -to -peak 
value of 40 volts (plus 40 volts 
more for the vertical spike) and 
riding at a DC level of 35 volts. 
This did not seem unusual consid- 
ering the signal input and voltage 
tolerances. 

In Fig. 7 the plate of the vertical 
oscillator had been shorted. The 6 - 
volt negative spike of voltage at its 
grid was a couple of volts off and 
may have been significant. 

The waveform in Fig. 8, how- 
ever, had two noteworthy peculiari- 
ties: It was less than 200 volts p -p 
and its sync tips were not quite at 
the zero reference level. This, then, 
was the next probable fault. The 
plate of the vertical oscillator (V4B, 
Fig. 2) was riding high at 180 volts, 
but the shape of the waveform (Fig. 
9) was normal, and the plate volt- 
age could be adjusted by the height 
control, R4B. Following the path 
to the vertical output stage, the grid 
waveform, Fig. 10, looked accept- 
able and the DC level was at just 
about -25 volts, within tolerance. 

Returning to the plate of the sync 
separator, R56, R58 and C70 were 
investigated. R56 measured 1.2 
megohms instead of 680K ohms, 
and R58 measured between 30K 
ohms and 40K ohms instead of 1 

megohm. The sync separator tube 
was pulled and the 260 -volt line 
grounded to make sure the 1.2- 
megohm reading for R56 was ac- 
curate. (Current through a resis- 
tance is the IR drop, which is how 
an ohmmeter makes its measure- 
ment.) C70 and C71 might have re- 
tained a charge. To check R58, the 
junction at that point was grounded 
with a shorting clip to remove any 
charge. The measurement across 
R58 was now 30K ohms, and this 
looked suspicious. As another 
check, the 260 -volt bus to the 
chassis was grounded and the junc- 
tion of C70 -C71 was checked to see 
if R57 was actually 18K ohms. This 
was also a check to see if C71 was 
leaking badly. The measurement in- 
dicated that C71 was okay. But 
what should be the DC reading at 
the junction of R58 and R57? Since 
this is a series filament string set, 
pull any tube and the DC bus 
should immediately rise from 260 
to 350 volts. 

Ein X R1 350 X 18K 
Eo = 

R1+R2 1meg.+18K 
350 X .18 X 106 

= 6.2 volts. 
1.02 X 10° 

This voltage divider measured 7 
volts and was working correctly. 
The reason the 1-megohm resistor 
could not be measured in -circuit 
was that the small current in the 
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REVOLUTIONARY 

N E W 

The COLOR -TUNED 
Family of 
Antennas 

CT -34G 
UHF -VHF 

T'S " 

FIRST 
FROM KAY-TOWNES 

AN ENTIRELY NEW CONCEPT IN ANTENNA DESIGN! 

Most conventional UHF -VHF combination an- 
tennas use the "pass through" coupling system. 
The VHF signals pass through the UHF an- 
tenna, acting as a section of the transmission 
line. The presence of the UHF elements at- 
tached to this transmission line results in a 
line mismatch at various VHF frequencies with 
the standing waves being detrimental to color 
reception. 

NOW - RECEIVE TRUE COLOR 
AS IT IS TRANSMITTED! 

17U 

Kay -Townes new "Color -Tuned" concept ob- 
soletes the old "pass through" system. The 
high gain, nine driven element UHF antenna 
is coupled to the VHF portion in a manner 
that actually tunes the VHF section. The an- 
tenna features a double stub UHF trap to 
assure 100% isolation, resulting in a no -loss 
coupling of the two systems to a single trans- 
mission line. A corner reflector doubles as a 
high gain UHF reflector and a broad, high 
band, high gain director on VHF channels 7-13 
and reduces the space loop losses in both bands. 

KA fir- To wives ANTENNA COMPANY 
Box 593 Rome,Ga.30162 
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Fig. 9. Waveform at plate of vertical os- 
cillator was normal, but reference level 

of 180 volts was high. Ii-- 
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WHIN 

Fig. 10. Normal waveform at grid of ver- 
t.cal output stace. 

Fig. 11. Waveform with DC level almost 
80 volts and AC amplitude 35 volts. 

111IMO 
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Fig. 12. Amplitude of waveform at grid 
of vertical oscillator about 200 volts p -p. 

Li11111111111111Mi 

I« 
_ e 

l r1r ! 
1111111111111111111111 

Fig. 13. Waveform with 200 -volt DC level 
at plate of vertical oscillator. » 
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Fig. 14. Waveform ar junct on of R70, 

C82 and C83 in feedback network. 

voltmeter divides through R57 and 
R58, or back into the power supply, 
and there was no positive reading. 
Without making a single disconnec- 
tion, a little probing and reasoning 
established that R56 was defective. 

To check C70, the 350 -volt bus 
was jumpered to pin three of empty 
tube mount V6B and a check then 
made to see if there were more than 
7 volts DC on the other side. The 
reading (DC level) remained at 6.2 
volts, which was correct. More volt- 
age at this point would have indi- 
cated that C70 was leaking. R56 
was replaced by dexteriously posi- 
tioning the little shielded chassis, 
first on one end and then on the 
other. The appearance of the wave- 
form in Fig. 5 then more closely 
resembled that shown in Fig. 11. It 
was hanging at a DC level of al- 
most 80 volts and its amplitude was 
just about 35 volts, exactly where 
it should be. So the first fault was 
corrected and a more usable sync 
signal was then available to the ver- 
tical and horizontal oscillators. 

The waveform in Fig. 12 showed 
that the amplitude of the waveform 
at the grid of the vertical oscillator 
was then about 200 volts p -p and 
the sync tip had reached a -20 to 
0 volts-a solid conduction level 
for this particular oscillator. The 
biggest change was at the plate of 
the vertical oscillator, where the 
waveform also measured 200 volts 
p -p and was riding at about 200 
volts DC, as shown in Fig. 13. A 
bar generator indicated that the 
vertical scan was linear and the 
vertical hold seemed to be normal 
with one exception: It was near the 
end of its range. Vertical linearity 
and height adjustments, however, 
soon cleared this. But the schematic 
indicated that the DC level at the 
plate of this oscillator should be 
approximately 125 volts. 

The AC and DC voltages at the 
grid of the vertical output tube were 
still correct, as they were in the be- 
ginning. The linear vertical scan 
showed black at the top and bottom 
of the picture immediately follow- 
ing the overflight of an aircraft. To 
see if the flutter caused by signal 
change was the result of defects 
within the sync circuits, the capaci- 
tors in these circuits were checked. 

First the circuit was examined. 
From the schematic it was apparent 
the vertical oscillator was being 

driven very hard with considerable 
plate voltage in order to operate 
satisfactorily. This plate supply is 
coupled through the height control 
from the 570 -volt boost source, 
which is generated in the flyback 
transformer and damper circuits. 
The plate supply measured normal 
and the height control correctly in- 
creased and decreased this voltage. 
The linearity control (the grid re- 
turn for the vertical multivibrator) 
rotated through its range without 
skips, so it, too, was satisfactory. 
The output of the oscillator was 
shaped by C80, R72, R3 and R73 
and then fed to the grid of the 
vertical output stages. Since there 
seemed to be no problem with 
either the DC voltage at the grid 
of V10 nor the waveshape, these 
components were assumed to be 
functioning properly. Once more, 
the receiver was turned off for a 
few minutes, turned on again, and 
the height and linearity controls ad- 
justed for a symmetrical picture. 
The vertical hold control was in the 
center of its range, as it should have 
been. 

To solve the shrinkage problem 
the defective capacitor had to be 
isolated. Before printed circuit 
boards, one could unsolder a half 
dozen of the plate and dielectric 
capacitors associated with such cir- 
cuits and test them individually for 
leakage. However, in a chassis such 
as this there was no room to get 
into the board to do this, or time 
for a protracted job of trouble- 
shooting. 

The capacitors in the feedback 
and lower plate -circuit network 
(C78, C79, C82 and C83) were 
heated while monitoring the wave- 
form developed at the junction of 
R70, C82 and C83 in the feedback 
network (Fig. 14). A positive spike 
of 300 volts AC was showing; how- 
ever, this waveform was riding on 
150 volts of DC. Tracing the wave - 
shaping circuit through R70, C79, 
R69, C77, etc., it was discovered 
that this was a closed AC circuit 
and there should be absolutely no 
DC in it. The voltage on one side 
of R69 was about the same as that 
on the other side. Either C77 or 
C82 was leaking. Shorting either 
capacitor caused the picture to fold 
severely from the bottom and elon- 
gate from the top. Shorting C82, 
however, had less effect than short- 
ing C77, so C82 was checked first. 
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Since this 0.027-mfd unit was a 
vertical tubular capacitor and rather 
difficult to reach, the end of R74 
was raised and the entire capacitor 
was bypassed by a new one to the 
junction of C83 and R70. The DC 
level of the waveform then returned 
to zero (Fig. 15). The DC level of 
the waveform at the plate of the 
vertical oscillator (Fig. 16) in- 
creased to 125 volts-exactly what 
it should be. Thus, the receiver was 
returned to normal operation after 
replacing only one capacitor and 
one resistor. 

111111.11.1111 

711111111111MNI I .....- 
uiiuri 

Fig. 16. DC level of waveform at plate of 
vertical oscillator increased to 125 volts. 

Determining Frequency 
In checking the repetition rate or 

frequency, look at the waveform in 
Fig. 8. The calibrated oscilloscope 
interval is 2 milliseconds per di- 
vision. This takes almost exactly 
8.2 divisions. Therefore, 

1 

F 
8.2X2X 10-3 

0.061 X 103 or 61 Hz. 
It is within 2 percent of the 60 
cycles per second scanned in each 
complete picture waveform. Figs. 2 
and 3 were also taken at 2 milli- 
seconds per centimeter. The divi- 
sions occupied by each cycle is 
roughly 5.8. Use the same equation: 

1 1 

F --- 
t 5.8 X2 X10.3 

1 - 86 Hz. 
11.6 X 10-3 

The different findings could be the 
result of an uncalibrated scope. 

--and 
for 
less 

money 

C INPUT-15MEG, 14 Pi 
QINPUI-I0MIG,I9PF 

FIELD EFFECT METER 

D MA T : .:. 
BATT. CNK. 

NEW FIELD EFFECT MULTIMETER 
Here is the revolutionary new approach to circuit testing, the solid 
state Sencore FIELD EFFECT METER. This FE14 combines the 
advantages of a VTVM and the portability and versatility of a VOM 
into a single low-cost instrument. This is all made possible by the 
use of the new space age field effect transistor that is instant in 
action but operates like a vacuum tube in loading characteristics. 
Compare the features of the FIELD EFFECT METER to your VTVM 
or VOM. 

Minimum circuit loading - 15 megohm input impedance on DC is better than a 
VTVM and up tº 750 times better than a 20,000 ohm per volt VOM - 10 megohm 
input impedance on AC is 20 times better than a standard VTVM. The FIELD 
EFFECT METER is constant on all ranges, not like a VOM that changes loading 
with each range. 

Seven AC peak -to -peak ranges with frequency response to 10MHz. Seven zero 
center scales down to 0.5 volt. Five ohmeter ranges to 1000 megohms. DC current 
measuremerts co 1 ampere. Full meter and circuit protection. Mirrored scale. 
Low current drain on tatteries - less than 2 milliamps. Built-in battery check. 
Unbreakable al -steel vinyl clad case. Optional Hi -Voltage probe adcs 3KV, 
10KV and 30KV ranges with minimum circuit loading for greatest accuracy in the 
industry... $9.55. 

Only Sencore offers the FIELD EFFECT METER. 
Ask for it by name at your distributor. 

only $69.95 (less batteries) 

1\1COF= 
NO. t MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON. ILLINOIS 60101 
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Mechanical Switching Eliminated in New Tuner 

The industry's first fully solid-state television tuner 
substitutes varactor diodes for mechanical switching 
and tuning mechanisms. Production designs of the 
new solid-state tuner for VHF channels 2 through 13 
have been completed at Standard Components Di- 
vision of Standard Kollsman. Production engineering 
on a companion varactor tuner for UHF channels 14 
through 83 will be completed in the near future. Both 
tuners are reportedly readily adaptable to the use of in- 
tegrated circuitry. 

The varactor diodes in the new tuner use voltage - 
variable capacitance to tune RF amplifiers, oscillators 
and mixers to resonance. Other diodes, under forward 
biasing, short out part of the tank coil for bandswitch- 
ing. The only mechanical switches in the system con- 
trol direct current voltage, not signal. 

Varactors are distant relatives of the transistor and 
of the "galena and cat's whisker" remembered by those 
who tuned in their first radio program more than 50 
years ago. When voltage passes through a varactor 
diode from one direction, it acts like a conventional 
variable -capacitor tuner-from the opposite direction, 
it acts like a shorting switch. 

Present-day VHF tuners, which succeeded the 
ganged -capacitor tuners of early television, are essen- 
tially electromechanical switches containing as many 
as 157 electrical contacts. 

The new tuner replaces this electromechanical switch- 
ing with solid-state varactors. Nothing moves inside 
varactors but electrons. In addition to its solid-state de- 
pendability, the patented varactor tuner is smaller than 
present-day devices. 

Keep abreast of modern 
Electronics Technology 

This very tiny thin-film transistor is an important new semiconductor development. 

4 WAYS TO INCREASE YOUR INCOME ... RCA Institutes, Inc., 
offers these four comprehensive home study courses especially 
designed to help build your income immediately! 

COLOR TV Add profitable color TV to your skills with this home 
training course, newly revised to include information on the 
latest techniques, receiver circuitry and equipment. 
TRANSISTORS Get the necessary background for semi- 
conductor technology including characteristics of tunnel diodes, 
rectifiers and other solid state devices. Transistor TV receiver 
kits also available. 
AUTOMATION ELECTRONICS Trains you for its many applications: 
Photoelectronics, Digital Computer Techniques, Synchros and 
Servomechanisms, Automatic Control Systems, many more! 
MOBILE COMMUNICATIONS Trains you to service 2 -way radio 
communications on land, sea, and air. FCC License Preparation 
Course also available. 

Take advantage of RCA's Liberal Tuition Plan. You only pay for the 
lessons you order; no long-term obligations. Licensed by New York 
State Education Department. Approved for Veterans. 
Accredited Member National Home Study Council. 

RC,' 
RCA INSTITUTES, INC. Dept PF -98 
320 West 31st Street, New York, N.Y. 10001 

Please send me your FREE Home Study Catalog. No sales- 
man will visit you. I am also interested in Resident School 

Name 

Home Address 

City State Zip 
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SUB -MINIATURE FUSES 
Ideal for space tight applications, light weight,vibration and shock 
resistant. For use as part of miniaturized integrated circuit, large 
multi -circuit electronic systems, computers, printed circuit boards, 
all electronic circuitry. 

TR 0 NSub-miniature Pigtail 

Fuses _ Body size only .145 X 
.300 inches. Glass tube construction 
permits visual inspection of element. 
Hermatically sealed. Twenty-three 
ampere sizes from 1/100 thru 15. 

BUSS Sub -miniature GMW 

Fuse and HWA Fuseholder 
Fuse size only .270 X .250 inches. 
Fuse has window for visual inspec- 
tion of element. Fuse may be used 
with or without holder. 1/200 to 5 
amp. Fuses and holders meet Mili- 
tary Specifications. 

INSIST ON 

lALI 
BUSSMANN MFG. DIVISION, McGraw -Edison Co. St. Louis, Mo. 63107 

THE COMPLETE LINE OF Small Dimension FUSES 

For The Protection of All Types of Electronic 

and Electrical Circuits and Devices .. . 

... includes dual -element 
"slow -blowing", single -ele- 
ment "quick -acting" and 
signal or visual indicating 
types ... in sizes from 1/500 
amp. up. 

For special fuses, clips, 
blocks or holders, our staff 
of fuse engineers is at your 
service to help in selecting 
or designing the fuse or fuse 
mounting best suited to your 
requirements. 

INSIST ON 

IJljss uALI 
FUSES 

BUSSMANN MFG. DIVISION, McGraw -Edison Co. St. Louis, Mo. 63107 

BUSS : The Complete Line of Fuses and .... 
Because it is electronic, varactor tuning can simplify 

remote control and automatic frequency control cir- 
cuitry and permit additional options in the method of 
channel selection. 

TEA Salary and Pricing Survey 
The hourly pay of electronic service technicians 

ranges from a low of $1.75 for an outside technician 
to a high of $4.50 paid to top inside technicians. The 
foregoing figures were compiled from information sub- 
mitted by 84 association members who responded to 
a recent survey by the Texas Electronics Association 
(TEA). According to the survey, the median salary of 
an outside technician is $3.00, while the top scale is 
$4.00. Inside technicians are reportedly better paid, 
with a low salary of $2.25 and a median of $3.25. 
Trainee pay was also a subject of the TEA survey, 
with the following results: top, $2.00; low, $.85; and a 
median of $1.50. Of the shop owners who responded, 
67 percent employed two or less technicians, and 24 
percent indicated they did not want trainees. 

Service pricing information compiled from the TEA 
survey revealed that a wide range of pricing still exists. 
B -w home -call charges ranged from a low of $4.00 to a 
high of $9.95. Color TV home service calls were 
only slightly higher with a range of $5.00, low; to 
$10.95, high. An even greater variation in pricing was 
evident in the minimum charges for b -w in -shop re- 
pairs-low only $2.50 and high, $12.50. Another in- 
teresting fact revealed by the survey was that the 
median minimum charge for under -chassis work was 

$12.50 for both b -w and color TV, while the high for 
such charges varied by $10.75-$29.50 for color TV 
and $18.75 for b -w. The maximum price charged by 
any shop for setting up color TV was $25.00, as op- 
posed to a low of $7.50-again, a considerable spread. 
Of the shop owners who responded, 445 said they 
charged extra for additional home time, while only 15 
percent charged extra for installing tubes during a 
house call. Asked if they would raise prices in 1968, 
56 percent replied yes; 32 percent, no; and 12 percent 
were undecided at the time of the survey. 

-Merchandising Week 

Electrohome to Supply TV for Olympics 
Electrohome Limited has announced that it has been 

awarded a $250,000 contract to supply 1,000 TV sets 
to Mexico for the 1968 Olympic games in the fall. 

The sets will be installed in the auditoriums of 
about 40 high schools in and around Mexico City so 
that persons who do not own a set or cannot afford a 
ticket for the games will be able to see the international 
spectacle. 

The sets, which are b -w special educational models, 
were sold to a Mexican "Organizational Games Com- 
mittee." Following the conclusion of the games, the 
sets will be retained in the schools for continued edu- 
cational use. 

Markets Selected for "Discover Color TV" Push 
Fifteen basic metropolitan markets nationally have 

been selected for local action programs during the na - 
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tionwide "Discover Color TV" promotion this fall 
sponsored by the Consumer Products Division of the 
Electronic Industries Association (EIA). 

According to Jack Wayman, EIA staff vice presi- 
dent of the division, they represent 28 percent of the 
country's retail sales volume. 

The 15 key markets are: Boston, Chicago, Dallas, 
Denver, Houston, Jacksonville, Los Angeles, Minne- 
apolis/St. Paul, Philadelphia, Phoenix, Pittsburgh, 
Providence, San Francisco/Oakland, Seattle and Wash- 
ington, D.C. 

"Discover Color TV" is the first industry -wide pro- 
motion for consumer electronic products. It is mo- 
bilizing all elements of the industry for impact on the 
general public starting mid -September, 1968.. Timing 
is keyed to the heightened interest in color TV, gene- 
rated both by the season's programming as well as by 
manufacturer innovations in product lines. 

"Discover Color TV" is the first in a year-round pro- 
gram of special promotions planned by the division. 
It will be followed in the spring of 1969 by a campaign 
built around portable televisions, radios, phonographs 
and tape equipment. 

All -Electronic Remote 
Remote operation of a variable control, such as 

volume, in past and present television remote control 
systems involved the use of a small DC motor mechani- 
cally coupled to the control. The motor rotated the 
control in response to a transmitted signal. 

Motorola has recently announced the development 

of a new all -electronic system to replace the previously 
described electromechanical method of remote "vari- 
able adjustment." The heart of the new system is a 
memory module. A neon bulb acts as an electronic 
switch, isolating the critical capacitor timing circuit 
from the external charging circuitry when the function 
switches are closed. When either of the function switches 
is closed, the neon bulb conducts, allowing the ca- 
pacitor charge to be varied up or down in response to 
the direction of control desired. The resultant DC con- 
trol voltage is then used to control, or bias, a variable - 
gain amplifier in the audio section of the receiver. 

The capacitor is a special low -leakage unit designed 
to minimize stray leakage resistance. The semiconduc- 
tor device is an insulated gate field-effect transistor 
(IG FET) designed for maximum input resistance. 

All devices employed in the memory module are 
carefully selected for high -resistance, low -leakage char- 
acteristics. The high resistance is maintained by en- 
capsulation in a special Motorola compound material. 
Ultra -sonic cleaning of the assembly prior to encapsu- 
lation, plus vacuum wax impregnation after encapsula- 
tion protects the entire unit from the adverse effects 
of environment. The preceding manufacturing process 
is necessary since the ability of the device to "remem- 
ber" voltage is dependent upon the capacitor retaining 
the desired charge over a long period of time. (Labora- 
tory tests indicate that the unit is capable of retaining 
a high voltage level with less than a 5 percent change 
over a period of 1000 hours.) 

Fuseholders of Unquestioned High Quality 
The Complete line of Signal -Indicating 

Alarm Activating Fuses 
For use on computers, microwave units, communication equipment, 
all electronic circuitry. 

BUSS GLD-% x l'/ in. 
Visual -Indicating, 
Alarm -Activating. 

BUSS GBA-'% x l'/ in. 
Visual -Indicating - 

BUSS MIC-13/32 x 11 
in. Visual -Indicating, 
Alarm -Activating. 

BUSS MIN -13/32 x 11/2 

in. Visual -Indicating. 

FNA FUSETRON Fuse 
13/32 o 11/2 in. slow - 
blowing ,Visual -Indica- 
ting, Alarm-Activat ng. 
(Also useful for snail 
motors, solenoids, 
transformers in ma- 
chine tool industry.) 

BUSS Grasshopp 
Fuse, Visual -Indicating, 
Alarm -Activating. 

BUSS AC 
Aircraft Limiter, 
Visual -Indicating. 

BUSS GMT and HLT 
holder, Visual -Indica- 
ting, Alarm -Activating. 

QUALITY 

The Complete Line of fuseholders For 
4/I Applications 

Panel mounted, in -the -line, lamp indica- 
tion, signal -activating, visual indicat- 

ing ...with solder terminals, quick 
connect terminals. Also holders 

to meet Military Specifications 
under MIL -F-192078. 

HMR RF shielded holder 
for % x 15 in. fuses. 

HPC Panel mounted 
holder for 13/32 x 11 in. 
fuses. Rated 30 amperes 
for any voltage up to 600. 

HKP panel mounted holder 
for %a x 1' in. fuses. 

HKA lamp -indicating, signal 
activating holder. 

IJljs SEQ UALITY 
BUSSMANN MFG. DIVISION, McGraw -Edison Co. St. Louis, Mo. 63107 BUSSMANN MFG. DIVISION, McGraw -Edison Co. St. Louis, Mo. 63107 
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This thing 
called 
STEREO 

A proper perspective of this form 
of audio reproduction will help you 
educate the layman. 

by Norman H. Crowhurst 

The people who at one time 
boasted a Hi-Fi now boast a Stereo. 
The real enthusiasts in audio repro- 
duction see a fundamental differ- 
ence between the two and for those 
to whom possessing a Stereo is 
mainly a matter of prestige, `mono' 
is passé. From the technician's view- 
point, however, stereo is the latest 
form of what was formerly known 
as high fidelity. 

The high -brow, component -type 
enthusiast is more concerned with 
what is in the system than the man 
who buys a stereo just for listening. 
However, both are seeking the same 
thing: realism in audio reproduc- 
tion. All the changes over the years 
-improved speaker systems; im- 
proved recording techniques, such 
as microgroove; better pickup de- 
signs and improvements in the elec- 
tronics-are steps toward this end: 
a sound that comes nearer the real 
thing. 

The perfectionist defines his ob- 
jective as being the re-creation of 
the original. If a recording was 
made in Carnegie Hall, he visual- 
izes the perfect system as creating 
the illusion of being in Carnegie 
Hall listening . to the original pro- 
gram. Much has been written about 

STUDIO 

LISTENING ROOM 

STUDIO 

LISTENING ROOM 

(A) (B) 

how this might be accomplished. 
No system can transport the lis- 

tener into the original environment 
where a recording was made or a 
live program originated. The best 
that can be achieved is a good illu- 
sion. Most of this article is oriented 
toward one or another's idea of how 
it can be done. 

Why Stereo? 
Some can remember back in the 

'2O's when enthusiasts listened to 
radio on headphones and swore it 
sounded as if the performers were 
there in -the -room, and the old 
acoustic phonograph was accepted 
as a real marvel of realism. Some 
dismiss this memory as being a 
response prompted by imagination, 
because in those days any reproduc- 
tion was a miracle. 

As one listener who yet remem- 
bers those days, I don't believe that 
explanation is correct. Although fre- 
quency response and many other 
things that were lacking in those 
earlier efforts have improved, they 
did possess a realism of impression 
that has not always been present in 
some later efforts. 

In early radio and records there 
was little, if any, bass. It may not 
have been missed as it wasn't heard, 
but what was heard sounded realis- 
tic. With the advent of moving coil 

speakers, particularly woofers, and 
electrical recording, which used a 
microphone instead of an acoustic 
trumpet, bass came into its own. 
Now the drums and the string bass 
were heard, which before had been 
inaudible. 

As an A -B demonstration, the 
difference was impressive. The 
change definitely brought it in. 
What was often neglected was that 
the things already heard had lost 
something. The bass brought inter - 
modulation troubles. 

The notes from the bass instru- 
ments themselves were clear and 
stood out, but they produced a jar- 
ring effect in the sound from other 
instruments. Sometimes the sound 
became quite gargly. 

The next dramatic improvement 
was not quite as dramatic as the 
claims promised. Adding the higher 
frequencies, by means of tweeters 
and supertweeters, did not make 
anything more audible than it was 
before unless it was the edginess of 
the wire brush used by the drummer 
or a particular realism about the 
cymbal. But again, the change 
needed to get these extra frequen- 
cies through was apt to present 
other problems. 

Another kind of intermodulation, 
this time among the higher frequen- 
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STAGE 

STUDIO 

LISTENING ROOM 

(C) 

Fig. 1. Equivalent 
differences in lis- 
tening conditions: 
(A) the old "mono" 
hi-fi, with a single 
speaker system, is 
like a single hole 
in the wall, 
through which you 
listen: (B) adding 
a speaker to a 

'mono' system is 
like using a 
branching hole: 
still there is only 
one hole 'at the 
other end'; (C) 
stereo provides 
the equivalent of 
two holes, spaced 
apart, and increas- 
ing the communi- 
cation capabilities 
tremendously. 

cies themselves, produced spurious 
frequencies that were lower and 
more audible. At its worst, this in- 
termod sounded like a buzz, partic- 
ularly noticeable when two high 
notes were played together. Far less 
definite was a general sense of mud- 
diness, or indistinctness, that the 
effect caused. The clarity that once 
made the listener feel the performer 
was in the room had slipped a little 
farther away. 

This distortion can be aided by 
amplifiers, but all other parts, such 
as phonograph pickups (even the 
recording heads which put it on the 
record), tape heads and radio trans- 
mission links, can destroy that in - 
the -room realism. 

By this time the advocates of 
stereo had noted that a reason for 
unrealistic sound was the limitation 
produced by crowding all the sound 
through one small loudspeaker. 
Adding tweeters did not help much 
because the main opening was not 
any bigger. Extra speakers were 
placed around the room, but this 
just became multi -hole listening. 

Visualize the sound as being in 
another room (the recording studio 
or theater) to which the listener is 
connected by a hole in the wall (the 
loudspeaker); making two holes 
helps. But adding a speaker was 

OCCUPIED BY 

LIVE n \ \PERFORMER5' 

AUDITORIUM 

Fig. 2. A method of presenting stereo in 
an auditorium, such as Carnegie Hall: If 
an orchestra playing live is located in the 
dashed -line ellipse, and the same pro- 
gram reproduced is presented over the 
stereo speakers, marked 'X', an A -B test 
between them shows how good such a 
system can be. 

not really like making a second hole, 
in this sense, because the sound was 
a duplicate of the sound from the 
first speaker, like a branching hole 
(Fig. 1). 

To get a sense of the magnitude 
of the sound sources, orchestra, or- 
gan, combo, etc., you needed some- 
thing to duplicate what our human 
hearing does: Listen with two ears. 
Thus the idea of stereo was born. 

But was it worth all the extra 
to get a second channel? Even if 
you got all the program into one 
groove or on one piece of tape, 
which advancing technology has 
made possible, you still needed two 
amplifiers, speakers, etc., which was 
apt to cost twice as much. Some 
argued that stereo would not be 
worth the extra cost. For like the 
advent of bass and ultra -treble, 
stereo brought its own problems. 
Merely using two channels of sound 
did not automatically make things 
sound better. 

The advocates of stereo did not 
help matters in the early days. They 
had a definite idea of what stereo 
was supposed to do. You had to 
hear separation. People listened for 
separation, so there just had to be 
separation. 

Music was arranged for stereo, 
so one group of instruments would 

come over one speaker, and an- 
other group would answer over the 
other. People who really enjoy mu- 
sic and wanted better reproduction 
were reluctant to buy the ping-pong 
effect. 

But spatial separation isn't the 
most important contribution stereo 
has to offer as an advantage over 
mono: separation, yes; but not nec- 
essarily spatial. We like to hear an 
orchestra as an assemblage of in- 
struments all playing their parts in 
unison. We don't pay close atten- 
tion to where they are located in 
the orchestra pit, but we like to hear 
the different groups come in to play 
their parts. 

This was what our widening hi-fi 
had somewhat obscured unless we 
used a truly high-fidelity system 
which achieved very low distortion 
in all components from the micro- 
phone through the recording, play- 
back amplifier to the speakers and 
into our own listening room. A few 
very good systems could give the 
impression of a real live orchestra, 
with realism in all respects. But the 
cost of such systems was beyond 
the average person's reach. 

The advent of stereo provided 
separate channels over which differ- 
ent parts of the program came in 
varying proportions, to represent 
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left, right, and in-betweens across 
the center. This gave a sense of 
separation or clarity not as easily 
possible by sheer purity of repro- 
duction over only one channel. This 
was the place under the sun that 
the new stereo eventually occupied. 

Once this was understood, stereo 
systems or packages could be made 
in the same price range as the older 
hi-fi packages had been. In the same 
price bracket, stereo can sound bet- 
ter than mono. But to do so, the 
system must be used properly, 
knowing what the objective is. 

In the British Science Museum is 

a tremendous, correctly developed 
exponential horn, giving good re- 
sponse to quite a low frequency. 
Thirty years ago, listening to this 
gave one a strong feeling that the 
actual program source was actually 

[> 
STEREO 

Fig. 3. One method of attacking the 
problem of the over -reverberant room: 
a package -type system where the 
speakers are mounted in the ends; this 
works because you utilize the sound re- 
flections, rather than trying to avoid 
them. 

4' 

Fig. 4. Comparison of speaker place- 
ments: AA are concentional, close -back 
speakers; BB and an alternative (not to 
be used with AA) pair of open -back 
speakers. The closed -back type gives 
really good separation only down the 
center line represented by the heavy 
dashed line, and good stereo within the 
light, dashed -line enclosure. The open - 
back types cover virtually the whole 
room. However, closed -back speakers 
are better for acoustically well -damped 
(furnished) rooms. 

concealed in the depths of that 
thing. 

Horns are undoubtedly the most 
efficient means of converting elec- 
trical signals corresponding to sound 
into actual sound waves. But few 
modern living or recreation rooms 
can find room for such a monster 
horn, much less two of them. Even 
if an enthusiast should build one or 
two so it or they give out into the 
room, the room isn't suited to re- 
ceive such big sound waves. 

We have to create our illusions 
with smaller speakers, more or less 
of the bookshelf variety, designed 
so they reproduce all the relevant 
frequencies, if somewhat less effi- 
ciently. If we didn't accept this com- 
promise, the majority would decide 
they couldn't afford to rebuild their 
houses just so they could enjoy hi- 
fi or stereo. 

Room Acoustics 
Which brings us to some rather 

fundamental differences in stereo, 
in relation to the size of the listen- 
ing room. If you have a large listen- 
ing room, where sounds are propa- 
gated strictly according to textbook, 
such as an auditorium like Carnegie 
Hall, then you can take two horn - 
type, multi -way speaker units and 
do a terrific job (Fig. 2). 

Mr. Briggs, of the Wharfedale 
Loudspeaker Company in England, 
has done just this, two or three 
times, in Carnegie Hall and other 
auditoriums around the world, to 
show that reproduced music can be 
almost indistinguishable from the 
original. He A -B's between live and 
reproduced and sometimes it's dif- 
ficult to know which is which. But 
not many people have a Carnegie 
Hall for a living room. 

Unforturìately, you can't make 
that kind of A -B test in your living 
room, because there is no way of 
getting the Carnegie Hall stage, 
complete with orchestra, into the 
living room for direct comparison. 
You can only compare one repro- 
duction with another reproduction 
in the somewhat limited environ- 
ment of your living room. 

Different rooms have different 
acoustic properties apart from their 
size differences. The way to get 
stereo in a living room, furnished 
with wall-to-wall carpet, plush fur- 
niture and heavy drapes, differs 
considerably from the method 
needed in a recreation room with 
tiled floor, panelled or bare walls, 

and wrought iron furniture. 
Any good, conventional speaker 

system, properly separated, will 
sound well in the acoustically 
damped room with all the furnish- 
ings. Put the same system in the 
highly reflective recreation room, 
and the result is audio confusion. 
A cheap imported transistor radio 
will probably sound just as good, 
for not much more than one hun- 
dredth the cost. 

Good stereo can be obtained in 
this kind of room, however, by hav- 
ing the acoustics work for you. A 
stereo package unit with the speak- 
ers in the ends will do well by 
bouncing the sound off the walls 
(Fig. 3). Another useful trick is 
using the open -back speakers that 
work like dipole radiators. These 
should be placed differently from 
conventional, closed -back speakers 
(Fig. 4). 

In fact, this kind of system in- 
stalled in a recreation room can 
give more uniform stereo effect 
throughout the room than the more 
conventional system, for which only 
a central position in the room gives 
a really good illusion. 

Stereo does something that mono 
never succeeded in doing. The mono 
system was responsible for the drive 
for ever larger powered systems but, 
to the enthusiast, more power was 
never enough to give realism. No 
matter how much power the system 
put out, it never sounded big. Us- 
ing multiple speakers helped, but it 
still sounded `limited'. 

Stereo fills the space with sepa- 
rated sound thus giving the illusion 
of bigness even when played rela- 
tively quietly. Switching from mono 
to stereo (where a system provides 
this facility) will increase the appar- 
ent power, even though just as much 
is being delivered when switched to 
mono. 

So the motivation to play exces- 
sively loud is gone though some 
have formed the habit, which may 
die hard. This may be partly be- 
cause their hearing has been im- 
paired by previous loud -playing. But 
the trend for more power has gone. 
It is no longer necessary to annoy 
the neighbors before it's loud enough 
to suit yourself. 

Having put stereo into some per- 
spective, we will discuss trouble- 
shooting techniques for this fascin- 
ating medium in an article next 
month. 
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alliimemmem 
B&K Model 1450 first and only 
service -designed oscilloscope with 
"intermittent analyzer" and "electronic memory" 
That elusive intermittent ... how many 
hours have you spent trying to locate the 
source of the problem-how much time 
was wasted testing each circuit when you 
could have been doing more productive 
work? Now, B&K know-how and engineer- 
ing genius have come through for you. 

Result ... the intermittent analyzer in 
the Model 1450 Diagnostic Oscilloscope. 
It will tell you if and where an intermittent 
occurs-even without your being there! 
The electronic memory will keep the inter- 
mittent indicator "on" until you return. 
Think of the time and money it saves. 

The easiest to use 'scope ever built, its 
unique screen gives error -free direct read- 
ings of peak -to -peak voltages-it syncs 
automatically at any signal level-easily 
displays color reference signal. Con- 
venient for use as a vectorscope too, all 
inputs and controls are on the front panel. 

Deluxe in every respect, the 1450 is 
another B&K innovation that will make 
your time more profitable in solid state 
and color TV service. Years -ahead 
planning for present and future use ... 
the best -value all-around 'scope you can 
buy. With probe. Net, $279.95 

B&K Division of Dynascan Corporation 
1801 W. Belle Plaine Avenue Chicago, Illinois 60613 

Where Electronic Innovation Is A Way Of Life 
Circle 10 on literature card 

INTERMITTENT MONITOR. Designed to 
supplement the indicators on the 1450, 
this plug-in monitor can be placed any- 
where in your shop. It flashes and buzzes 
when an intermittent occurs ... and 
projects a professional image to your 
customer. Net. $24.95 

DIAGNOSTIC 
Leg 

OSCILLOSCOPE 
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TRANS/STÖRS: 
State of the art report 
The final installment in this series discusses test equipment requirements 
Ind servicing techniques demanded by solid-state circuitry. 

by tack Darr 

40p SEC 

OFF TIME 

18µ SEC 

ON TIME 

Fig. 17. Horizontal drive waveform 
of RCA KCS -153 showing ratio of 

on to off time. 

The appearance of the first tran- 
sistorized equipment caused varied 
reactions among the service tech- 
nicians. There was opposition to 
them, at first, and there still is. 
Printed circuits caused the same re- 
action when first introduced but 
have since been accepted. Transistor 
circuits will also be accepted. 

A radical change had to be made 
in service thinking with the com- 
bination of PC construction and 
transistors. The successful tech- 
nician must now be able to think 
his way through the circuit and lo- 
cate the trouble with much more 
certainty, and efficiency. 

Transistor circuitry is not diffi- 
cult to correct, though the success- 
ful technician will have to make 

some minor changes in his service 
methods. He will not have to replace 
all of this equipment, but will have 
to learn a different way of using it to 
get the information he must have. 

Equipment Needed 

The main problem is the small 
size. PC board construction is al- 
most universal, and most boards are 
badly crowded. This presents three 
major problems: location of parts, 
identification of parts, and testing. 

In the first two problems detailed 
schematic diagrams, photographic 
illustrations, and complete service 
data are essential. Sams PHOTOFACT 
photographic illustrations of the 
chassis, with callouts showing the 
location of each resistor, capacitor, 

(A) PNP 

ELECTRON FLOW 

(B) NPN 

Fig. 18. Collector voltage developed by current through load resistor. 
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etc., are invaluable for this work. 
The schematic plus the symptoms 
generally disclose in what stage or 
group of stages the trouble is lo- 
cated. 

Tests are needed to locate the 
cause of the trouble. Only one item, 
a transistor tester, will be needed 
as a new piece of test equipment. 

For many years voltage measure- 
ments have been relied on to pin- 
point the cause of the trouble. Be- 
cause of the inherent advantages of 
this method, it will still be the 
quickest. There are no circuit dis- 
connections needed, and a test probe 
can always supply the information. 
While the transistor has been ad- 
vertised as a current amplifier, 
there is no need to read currents 
directly, i.e., break the circuit and 
insert an ammeter. Voltage meas- 
urements can still be used-the 
voltage -drop developed across a 
known resistor will be directly pro- 
portional to the current flowing 
through it. 

Long and involved calculations 
of this current are not needed, as 
the voltage readings will be given on 
the schematic. As long as these 
voltages are within tolerance, there 
is current. 

Signal Tracing 

A signal tracer is a set of tuned 
AC vacuum -tube voltmeters pro- 
viding RF, IF, and audio circuits, 
as well as some of the first DC 

VTVM'S. It can read very small 
signals through any radio or audio 
amplifier and, with only a minor 
modification, can be used on some 
TV circuits. 

In signal tracing, a stage or group 
of stages can be gone through to 
find where the signal stops. Then, 
voltage measurements, and some- 
times even part -substitution, will 
give the answer in the least possible 
time. There are several different 
units that can be used for this kind 
of work, aside from the signal trac- 
ers: the scope, with a signal -genera- 
tor; a good VTVM with appro- 
priate probes; or anything that will 
give an indication of the signal level 
at the input of a stage. 

Audio Signal Tracing 

This is the simplest of tests. A 
test signal is fed in from an audio 
signal generator, a test record or 
tape, or an off -the -air signal. Then 
it is followed through the audio 
circuits until the stage which has in- 
put but no output is found. A num- 
ber of the later amplifiers have stage 
gains shown on the schematic, how- 
ever, this is not absolutely essential. 
After practice, it is possible to fol- 
low signals through any audio stage 
to find the trouble. In some cases 
there will be stages which have very 
low gain. This can be normal with 
transistor work. Some stages have 
very low load impedances so they 
can show small voltage gains but 

still have normal current gain. For 
a definite check, read the DC volt- 
ages around the stage to see if they 
are within tolerance. In most cases, 
the signal will not be low, but miss- 
ing, thus making the location of the 
trouble obvious. Shorted transistors, 
open resistors. shorted capacitors, 
etc., will stop the signal entirely. 

The Scope In Signal Tracing 

The scope indicates whether there 
is a signal present in any kind of 
circuit. There is no need to lock 
the sweep to the signal to determine 
its amplitude as compared to the 
signal amplitude at the input of the 
stage. A higher blur at the output 
than is present at the input is no 
problem; this stage is amplifying the 
signal. Signal generators, test re- 
cords, off -air signals or anything 
that will give an indication, can be 
used. 

For signal tracing in RF and IF 
circuits, the scope works well. A 
crystal -demodulator probe will re- 
port the envelope (modulation) of 
the signal. 

For tracing sync circuits the scope 
is the only reliable instrument. Even 
the simplest scope will show vertical 
and horizontal sync pulses, sawtooth 
waveforms, and video signals. In 
transistor circuits, where the drive 
frequencies are the same but the 
waveform is different, the scope is 
needed since the waveform of tran- 
sistor drive signals is important. 

IN 

OUT 

TO EXTERNAL VOLTAGE 

SOURCE-- AGC, ETC. 

(A) Voltage divider. (B) External source. 

Fig. 19. Base voltage taken from voltage divider or from external source. 
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Transistor horizontal -output cir- 
cuits are driven by a flat-topped 
pulse, almost a square wave. The 
on -off ratios of these pulses are im- 
portant, as shown in Fig. 17. These 
determine the efficiency of the stage, 
and they must be set correctly. This 
is done by adjusting the horizontal 
oscillator coils. The off time is twice 
the on time. This measurement can 
be made quite accurately by com- 
paring the percentages.. The off time 
covers two squares on the scope 
graticule, and the on time one. The 
horizontal oscillator must be locked 
to a TV signal when this is done, to 
use it as a standard. 

Voltmeters and Ohmmeters 

A late model VOM that measures 
20,000 ohms per volt works well. 
The VTVM is highly useful, espe- 
cially in sensitive circuits where 
there must be the least possible cir- 
cuit loading: tuned circuits, high -im- 
pedance circuits (though these are 
less common) , etc. The FET volt- 
meter is the ideal instrument for this 
work, since it has no connection to 
the AC line. Besides being more 
portable, this eliminates accidental 
damage to a transistor from induced 
voltages on the case, etc. However, 
the AC -operated VTVM can be 
used on most transistor circuitry. 

The Transistor Tester 

The one new instrument needed 
to service solid-state circuitry is a 
transistor tester. There are several 
on the market from all major test - 
equipment manufacturers. Those we 

C 

B 

E 

EM ITTER 

VOLTAGE 

Fig. 20. Emitter voltage provides a 
simple test of transistor's operational 

status. 

have checked have done a fine job. 
Tests of transistors in -circuit show 
that these testers detect malfunc- 
tioning transistors in everything 
from an audio amplifier to a MATV 
line amplifer. Even with very low - 
resistance shunts in the circuit, they 
read the beta of a transistor with 
accuracy. 

Most transistor testers can de- 
tect transistor~ leakage down to 1.0 
microampere. This is invaluable 
especially in such circuits as AGC 
and sync separators. Collector -to - 
base leakage, (Icbo) is the most 
bothersome, since it upsets the bias. 
This test must be made out of circuit 
since there are always resistors in 
shunt across these elements. Ger- 
manium transistors have a small 
amount of natural leakage. Silicon 
transistors have none, and even a 
leakage as low as 10-15 micro- 
amperes is enough to cause trouble. 
The major symptom of this would 
be low gain or no gain and usually 
a severe voltage upset. Beta often 
checks close to normal. However, 
the voltages and/or currents give a 
clue. For example, a vertical -output 
transistor may show excessive col- 
lector current and low output, and 
the bias controls have practically no 
effect on this current since the tran- 
sistor itself is leaky. 

Safety note: When checking any 
transistor in a set with an AC power 
supply, be sure that the set's AC 
power cord is out of the socket. 
This eliminates any chance of some 
kind of odd circuit forming between 
the set and tester chassis. Although 
this may be rare, making transistor 
tests with both the set and tester 
plugged into the AC line, even with 
the set switched off, can result in a 
blown transistor or even a blown 
tester. 

Hand Tools and Others 

There are only a few additional 
tools needed. One is a good sharp 
pointed pick. A needle point test 
prod with no wire should suffice. A 
pair of small long -nosed and diago- 
nals, or tweezer, and a couple of 
nylon sticks (alignment tools, etc, 
for punching and probing around in 
transistor circuits without the danger 
of a short) are needed. 

A solder -sucker type of soldering 
iron is almost a necessity for PC 
board work, especially for remov- 
ing parts with more than one ter- 
minal, like IC's, IF transformers, 

filter capacitors, etc. The soldering 
iron and air hose method to blow 
the melted solder away is often used, 
but this is messy. 

There are other tools that are not 
necessary but useful. A short test 
lead with needle -point test prod on 
each end is used to bridge PC board 
conductors suspected of having hair- 
line breaks, etc. If this completed 
the circuit, take the fine -pointed 
soldering iron and run a thin coat of 
solder all the way down this con- 
ductor. This will bridge all hairline 
breaks, including the ones not seen. 

Needle point test prods on VOM 
or VTVM and ohmmeter penetrate 
PC boards coated with moisture - 
resistant varnish. Blunt test prods 
will not penetrate such a coating to 
detect resistance or voltage, and, 
thus, will give a false open -circuit 
reading. Stout alligator clips on the 
common leads of the voltmeters, 
etc., must have a strong grip to 
make a tight, low -resistance ground 
connection. 

Short test leads with miniature 
alligator clips on each end are used 
for making temporary connections of 
parts or even transistors for testing. 
If all the solder joints are rounded 
off so the clips will not hold, tack 
short ('/a" or so) pieces of solid 
wire on each. Bend a little hook on 
the end and the clips will hold. If 
need be, these can be left in place 
if they will not cause a short. Small 
scraps or wire clipped off resistors 
and capacitors are ideal. 

A small, powerful, pen -light flash- 
light is used for spotting parts or 
solder joints on the other side of a 
PC board. Hold the light on the end 
of the resistor wanted; its solder 
terminal will then show up in the 
center of a spot of light on the un- 
derside of the board. 

Voltage Measurements: 
Why and How 

In the typical transistor stage, 
there will be a voltage on the col- 
lector, either from an external 
power supply source or developed 
by current flow through a resistor. 
Fig. 18 shows these two types of 
voltage source. (The only difference 
between the methods shown is the 
polarity of the voltage. The electron 
flow enters negative ends of the load 
resistor, as shown.) 

If the transistor is working, col- 
lector current is flowing. If collector 
current is flowing, there will be a 
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Know why RCA's 
color chassis 
are so easy to 
service? 

Because service 
men like you helped 
us design them. 

First we got their advice, then we designed the whole assembly for easy servicing. 
For example, the chassis give you easy access. You don't have to pull out the chassis 
to get at the high -line voltage connection. Circuits and components on the circuit 
board are clearly marked so you can easily service them. The tuner assemblies are 
simplified for your convenience. And, we set up more test points. They're the kind of 
chassis we think you'd design yourself. Fact is, all our chassis designs are reviewed 
by a representative group of servicemen. And we appreciate their advice. We think 
you will, too-every time you service sets by RCA. RICA 

Circle 11 on literature card 
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voltage drop across the load resistor. 
This will be shown in the form of a 

positive or negative voltage to 
ground; read the voltage at the col- 
lector. 

There is also a voltage on the 
base. This can come from a voltage 
divider, an external voltage source 
(AGC, etc.) or the base current 
flowing through a resistor to ground, 
as in Fig. 19. In all cases, if this 
voltage is different from what the 
schematic calls for, investigate. 

Watch for test conditions also. In 
practically all cases the DC voltages 
found on the schematic are taken 
with no signal input to the receiver. 
In many stages, such as AGC, IF's 
sync separators and even in some 
audio stages, the voltages with signal 
present will be different from the 
no -signal voltages. 

The emitter voltage, as shown in 
Fig. 20, is used by many transistor 
technicians as an indication that the 
transistor is operating - current 
flowing through the emitter resistor, 
which in this case is identical to the 
cathode resistor used in tube cir- 
cuits. If there is no voltage drop 
across this resistor, no current is 

flowing, and the transistor is not 
operating. In the frequently used 

common emitter stages, the emitter 
voltage of each transistor can be 
checked in stages such as the video 
IF. When no voltage is found, the 
trouble has been located. The op- 
posite reaction is useful, too. If the 
emitter voltage reads higher than it 
is rated, there is a defect in the cir- 
cuit. Bias voltage is always read be- 
tween the emitter and the base, 
which is the same as reading bias 
between the cathode and grid of a 
tube. 

Following is a description of what 
happens when the bias changes: 

PNP: Base goes more negative 
for higher collector current. 

NPN: Base goes more positive 
for higher collector current. In tube 
circuits, if the grid becomes more 
positive, a higher plate current is 

drawn and vice versa. Due to the 
different types of transistors used, 
there can be a higher collector cur- 
rent for either polarity, depending 
on what type of transistor is in the 
circuit (NPN or PNP). 

Another important point: a tube 
at zero -bias will draw a high cur- 
rent. If a transistor is at zero bias 
(zero voltage difference between 
base and emitter), it will cease to 
function. No collector current will 

TAKE THIS SCREW OUT POWER 

TRANSISTOR r CONTACT TO COLLECTOR 

MADETHRUTHIS SCREW 
41 ) CHASSIS 

CASE COLLECTOR 

TERMINAL 

ALL WIRING TO 

THIS TERMINAL LUG 

If If 
BASE 

EMITTER 
LUGS 

MILLIAMMETER 

(TRANS ISTOR 
SOCKET 

Fig. 21. Removing screw at end of socket where wiring is attached and connecting 
milliammeter across to other screw provides quick test of collector current. 

flow, no emitter current will flow, 

so the voltage -drops across the 
respective resistors will be incor- 
rect. As a good test, read the volt- 
age between emitter and base on a 

low scale on the meter-as low as 

0.2 volt, or lower. The schematic 
will state what the normal voltage 
difference should be. Subtract one 
from the other to get the bias, e.g., 
with 5.2 volts on the emitter and 5.6 
volts on the base, the bias is 0.4 
volts. This can be either positive or 
negative, depending on the type of 
transistor. The actual bias also de- 
pends on the type of semiconductor 
used. Silicon transistors will average 
about 0.6 volt; germanium about 
0.2 volt. 

Circumstances alter cases. The 
preceding figures are for a typical 
amplifier operating Class A. For 
instance, a transistor with zero bias 
should be checked to see if it is 

being used as a sync -separator, etc. 
If so, zero bias is normal since the 
transistor should be cut off to pre- 
vent the video signal from getting 
through. Only the sync -tips drive it 
into conduction, thus clipping the 
sync, which is the correct action. 

Hints for Transistor Testing 

To check collector currents in big 
power transistors, remove one of the 
two screws holding the collector 
(case) to the socket (Fig. 21.) Be 

sure that all wiring connections are 
made to this screw. Now that the 
collector circuit is broken, connect 
the milliammeter between the two 
terminal lugs as shown, and you 
will directly read the collector cur- 
rent. The remaining screw makes 
contact to the collector. 

When removing a transistor TV 
from the cabinet, be sure to con- 
nect at least two jumper leads be- 
tween the chassis and the CRT 
mounting. When such sets are 
turned on, the high voltage comes 
on instantly. There is always the 
chance of an arc to the chassis, and 
the resulting spike or transient can 
cause damage to the output or other 
transistors. 

Check the settings of the vertical 
size, linearity and hold controls. If 
these have been turned far from 
their normal settings, they can cause 
the vertical -output stage to draw a 
high current-often enough to trip 
the circuit breaker. (Since there are 
actually no defective parts or shorts, 
this trouble symptom can be time 
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Castle, the pioneer of television tuner overhauling, offers the following services to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and 

VHF or UHF tuner 

UHF -VHF combination 
TRANSISTOR tuner 

COLOR tuner 

(one piece chassis) 

(Guaranteed color alignment ... no additional charge) 

Overhaul includes parts, except tubes and transistors. 
Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
And remember-for over a decade Castle has been the leader 
in this specialized field . . . your assurance of the best in 
TV tuner overhauling. 

models. 

$9.95 

$9.95 
$9.95 

$9.95 

CUSTOM REPLACEMENTS 
Exact replacements are available for tuners that our inspec- 
tion reveals are unfit for overhaul. As low as $12.95 ex- 
change. (Replacements are new or rebuilt.) 

UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are available with the 
following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4rr 3" 41.25 45.75 8.95 

CRIS Series 600mA 13/4'r 3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4rr 3" 41.25 45.75 9.50 

CR6XL Parallel 6.3v 21/z'r 12" 41.25 45.75 10.45 

CR7XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 11.00 

*Selector shaft length measured from tuner front apron 
to extreme tip of shaft. 

These Castle replacement tuners are cll equipped with memory fine tun- 
ing, UHF position with plug input for UHF tuner, rear shaft extension and 
switch for remote control motor drive - . . they come complete with hard- 
ware and component kit to adapt for use in thousands of popular TV 
receivers. 

Order universal replacements out of Main Plant (Chicago) 
only. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT: 5701 N. Western Ave., Chicago, Illinois 60645 

EAST: 41-90 Vernon Blvd., Long Island City, N.Y. 11101 
Circle 25 on literature card 

September, 1968/PF REPORTER 23 



 

consuming). As a quick check of 
the vertical oscillator: connect the 
scope to the vertical circuit and set 
the scope to AC line sweep (60 
Hz). If there is only one waveform, 
the circuit is all right. If there is 
more than one cycle, or only a half - 
cycle, etc., the vertical oscillator is 

off frequency. 
When testing stereo amplifiers, tie 

the two inputs together and feed in 
an audio signal. Next, go through 
each stage of the circuit, comparing 
signal levels at the input and output 

of each stage in the two channels. 
This cross-checking simplifies stereo 
testing. If there are no signals in 
either channel, there is probably a 
lack of power. 

The IC should not be suspected 
until all other possibilities have been 
exhausted. Check signals and volt- 
ages through the whole circuit, as 
the trouble could be in a bad trans- 
former, resistor, voltage supply, or 
something external. 

The typical TV set now uses a 
great many diodes. Even in tube - 

DISHONEST 
44 You might think so when you see 

Mercury's unbelievable values. You get 
all the equipment you need for fast, 
accurate, profitable Color TV servicing 
at low, low prices. We tell it like it is. lee 

40 

Kit- $ 1 0995 
Wired- $15995 

Model 3000-5" High Sensitivity 5 Mt OSCILLOSCOPE-VECTORSCOPE 

Precision engineered to fill all your requirements for waveform 
observation-Color and B/W. Top quality construction and cir- 

cuitry make model 3000 ideal for TV technicians, electronic 
experimenters, development engineers as well as for applica- 
tions in Technical Schools and Industry. Includes Vectorscope 

calibrations on the calibrated Graticule, permitting vectorscope 
analysis through access to the deflection plates at rear of unit. 
A significant analysis tool in Color TV servicing. VERTICAL 

AMPLIFIER: Sensitivity -10 My RMS/Cm Frequency Response 

-10 Hz to 5 Mc ±3 Db Rise Time -0.08 Microsecond. HORI- 

ZONTAL AMPLIFIER: Frequency Response -5 Hz to 500 KHz ±3 
Db Sweep Range -5 Hz to 500 KHz, continuously adjustable. 

Model 1901- 
Solid State, 

Battery Operated 
COLOR GENERATOR 

Offers every essential 
feature needed to in- 
sta 11. and service Color 
TV. Pre -tested rock 
solid pattern stability 
under extremes of 
heat and cold. Exclu- 
sive: Line Width and 
Dot Size Adjustment 

Crystal Controlled 
Gun Killers. 

$9495(Available in AC operated model-$9995) 

Model 4000-FIELD 
EFFECT VOLT-OHM- 
MILLIAMMETER- 

6" METER 

High impedance, Solid 
State unit assures instant 
operation and permanent 
operating stability. Com- 
bines advantages of stand- 
ard VTVM and FET cir. 
cuitry. DC current ranges 
up to 1 Amp. Operates on 

both AC and Battery. 

$6995 

ALL MERCURY TEST EQUIPMENT GUARANTEED FOR ONE FULL YEAR! 
UPDATED TUBE TEST DATA AVAILABLE ON ALL UNITS. 

MERCURY ELECTRONICS CORPORATIO 
(516) 742-5400 
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type receivers there may be as many 
as 17. They can leak, short or open, 
just like a transistor. The transistor 
tester can check a great many of 
these in -circuit. For a definite leak- 
age test, one end of the diode must 
be lifted, as with the transistor, to 
get away from the shunting resist- 
ance which is always present. 

General Replacement 
Transistors 

As stated in the beginning, there 
will be a great many cases where 
general replacement transistors will 
work well. The best test is to just 
try them, and if there is any mean- 
ingful loss of gain, power, etc., it 
will be noticed. In TV circuits any 
change can be seen. 

When replacing unknown transis- 
tors, find out as much as possible 
about the circuit. A schematic will 
show the type, NPN or PNP. From 
this, or bbv checking the battery used, 
the maximum voltage is known. 
Then, from the application (RF, 
IF, audio, etc.), a similar transistor 
may be found in the general -re- 
placement catalogues. 

An example would be the IF 
transistor in a broadcast radio. 
RCA's catalog shows that SK -3005, 
3006, 3007 and 3008 are PNP ger- 
manium types, rated 12-15 volts. 
General Electric's catalog shows the 
GE -1 (PNP) and the GE -5, GE -6 
and GE -7 (NPN's) , also rated at 
12-15 volts. If the set uses a 9 -volt 
battery, a substitute transistor of 
the proper type can be used. A test 
transistor can be attached tempo- 
rarily to the proper connections on 
the bottom of the board. 

Conclusion 

The need now is for the really 
skilled technician in electronics 
maintenance. It is necessary to know 
the circuitry, its function, why and 
how. Learn to look for the function 
that isn't there-horizontal sweep, 
high voltage, vertical sweep, signal, 
etc. This should isolate the area of 
the trouble, and from here stage by 
stage tests will pinpoint the difficulty. 
Circuits used with transistors are no 
more complex than the ones used in 
tube sets. The only major difference 
is the voltage level and polarity 
such as -4 instead of 400. 

Those who are willing to learn the 
circuits and apply this knowledge 
will have a definite advantage over 
those who are not. 

Cirrlc 1 i ort lilcratrrc Jrd 
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Stage -by -stage gain testing 
A method for quicker localization of trouble in transistorized circuitry 

Technological advances are won- 
derful, but sometimes they cause a 
lot of new problems while they are 
solving old ones. Transistors and 
printed -circuit (PC) boards did 
just that for the harassed electronics 
technicians. They are hard to fix. 

I have diagnosed and repaired 
thousands of tube radios in less 
than 10 minutes; I would like to see 
someone do that consistently with 
a transistor radio. 

However, printed circuits are 
here and we can't lick 'em, so we 
must join 'em. We must work out 
a practical method of diagnosing 
and repairing trouble in this equip- 
ment if we are going to remain com- 
petitive in the service business. 

Learn From The Past 

History often shows us the answer 
to a "modern" problem. Away back 
in the late 1930's, we used a service 
method that was fast and reliable- 
signal tracing. This servicing tech- 
nique has a fine, logical basis. Elec- 
tronic equipment is inherently logi- 
cal; therefore, service methods are 
based on logic. 

Every type of electronic equip- 
ment handles a signal of some type. 
The signal goes in at the front and 
comes out at the other end, usually 
much larger-the signal -path is 
always a series circuit. When there 
is a fault, the signal -path is broken, 
we have input, but no output. In 
order to effectively repair, we must 
locate the break in the signal -path 
-find out where the signal stops- 
in the shortest possible time. Once 
we locate this point, we make volt- 
age tests, component checks, etc., 
until we find the defective part. 

In audio amplifiers, we have an 
AF signal. In radios, RF/IF and 
audio. In TV sets, RF/JF, video, 
sync, color, sweep, etc., but all this 
is just more of the same. Each cir- 
cuit has its own specific signal -path. 
This fact can be used to lead us to 

the source of the trouble in the least 
possible time-if we use the proper 
test instruments. 

A Two -Way Process 

There are two types of test meth- 
ods that use a signal. The original, 
called signal tracing, used a test 
signal applied to the input. This 
signal was followed through the cir- 
cuits with special indicating instru- 
ments-tuned RF voltmeters, AF 
voltmeters, etc. The main path of 
such tests is from "front to back", 
starting at the input and working 
stage by stage toward the output. 

(There were several special "sig- 
nal -tracers" built for use on radios: 
the old Hickok 155 "Traceometer" 
with three tuned VTVM's-RF/IF, 
oscillator, and AF; the Meissner 
"Analyst": and the Rider "Chan- 
alyst", which used maeic-eye tubes, 
etc. A lot of this old equipment 
has been reclaimed and returned to 
service. Several test instrument 
manufacturers are designing new 
versions.) 

There is another servicing tech- 
nique that uses a signal; it is called 
"signal substitution" and is possibly 
a little simpler than "signal -tracing", 
requiring less equipment. Basically, 
you start at the back (output) and 
work toward the front. You can use 
the set's own "output indicator" 
(picture tube, speaker, etc.) or a 
meter or oscilloscope. All that is 

needed for signal substitution is the 
right test -signal: AF for audio stages 
and video stages, modulated RF for 
RF and IF, a color -bar pattern for 
color circuits, etc. The signal is fed 
to the input of the last stage, and the 
output noted. Then, the signal is 

moved to the input of the preceding 
stage, and the amount of increase in 
output noted. This is followed all the 
way back to the input, reducing the 
level of the test signal each time, as 
required. 

With an identifiable test signal, 

this method will show you exactly 
where the signal stops or has a loss 
in gain. All you need to do is look 
for an increase in output each time 
the probe of the indicating device is 

moved to the output of the succeed- 
ing stage. 

Stage -By -Stage Gain Figures 

To use this method, we need 
some data. Experience will soon tell 
us about how much gain should be 
expected through a given stage. 
However, if the stage -by -stage gain 
data is given on the schematic, it 
will be a big help. For instance, in 
the video amplifier of Fig. 1., you 
can see that there is 0.9 -volt p -p on 
the base of 04, the 1st video ampli- 
fier, and 0.8 -volt on the base of Q5, 
the video -output transistor. The out- 
put on Q5's collector is 50 volt p -p. 

There appears to be little or no 
gain through the 1st video amplifier, 
in fact, a slight loss. That's right. No 
voltage gain, but the normal input 
and output signal levels, and that's 
all you need. The input stage and 
output stage are direct -coupled, and 
there is a current gain; however, 
there is no resistor to develop a 
voltage drop across. 

The video -output stage employed 
in the same chassis has voltage gain 
in large quantities; a 0.8 -volt p -p 
input comes out as a 50 -volt p -p 
output-a gain of roughly 60. 

You will run into the same situa- 
tion in audio circuits, particularly 
direct -coupled stages. However, 
using a signal -substitution, and 
starting with a known signal value 
such as the output signal to the 
speaker, excellent results can be 
obtained. As we go along, we will 
give you some values that will be 
close to normal for most circuits. 

For instance, the General Elec- 
tric T-25 transistor amplifier has 
five transistors per channel. Fig. 2 
shows one channel. The voltage 
values as given in the General Elec- 
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tric service manual, are shown in 
Table 1: 

Table 1 

Across the speaker 8.5v. 
Q28/Q29 bases 2.0v. 
027 collector 6.0v. 
Q27 base, 026 collector 40 mv. 
026 base 40 mv. 
025 collector 250 mv. 
025 base (input) 50 mv. 

All of these voltages are rms, al- 
though it makes no difference which 
one you use, rms or p -p. What we 
are looking for in this type of test 
procedure is the ratio between in- 
put and output signal. 

Notice that here, too, we have an 
apparent "no gain" situation in 026 
-40 mv on base and collector. 
However, this stage has unity gain 
or "one" and we should get the same 
levels at the input and the output. 
The collector is direct -coupled to 
the base of Q27, so the voltage gain 
is small, but the current gain is 

normal. 
Also, note the loss as the signal 

proceeds through the tone -control 
circuits: 250 mv on the collector of 
Q25, and only 40 mv on the base 
of the following stage (Q26). This 
is normal in many transistorized 
tone -control circuits, because of the 
low impedances. However, the pre- 
amplifier stage, 025, has a voltage 
gain of 5, with a 50-mv input and 
250-mv output. 

Test Voltage Levels 

At this time, it would be a good 
idea to go over some actual test - 
voltage levels. There is no univer- 
sally accepted standard for this, al- 
though a lot of manufacturers seem 
to use 50-mv input, as you can see 
from the figures above. However, 
this is pretty small, especially for 
accurate reading with service -type 
equipment. 

We do not want to use a very high 
signal level at the input; excessive 
signal will cause overloading of the 

950 S2 

1 VOLT 50 0 50 mV 

Fig. 3. Voltage divider provides 
50-mv source. 

transistors in the output, etc. Dur- 
ing actual tests of assorted mono 
and stereo cartridges, we obtained 
the following output signal -levels 
using a 1,000 -Hz tone from a test 
record as a source: FET voltmeter 
-15-megohms input impedance, 
0.7 volts rms; tube VTVM-11- 
megohm input, 0.6 volts rms; scope, 
direct probe -1.8 volts p -p. These 
readings were taken with the car- 
tridge output disconnected from the 
amplifier. With the cartridge con- 
nected to a low -impedance input, the 
readings would have been lower. 

You will be safe in using a more 
readable level of voltage for testing 
-something like 0.5 volt rms fed 
to the input. Use the smallest "read- 
able deflection" possible to be on 
the safe side. If you prefer a 50-mv 
signal, you can get one quite easily. 
Construct a voltage divider using a 
950- and 50 -ohm resistor in series, 
and apply one volt of audio across 
the circuit. You will have a low - 
impedance source of 50-mv devel- 
oped across the 50 -ohm resistor 
(See Fig. 3) . You can use any 
value of resistors you want, as long 
as you keep the 950-50 ratio. 

No Weak Stages 

There is one thing about transis- 
tor circuitry: weak stages are rare. 
If a transistor is defective, it usually 
either shorts or opens. Even with a 
high leakage condition (ICeo, Icso), 
the resultant upset of the bias will 
usually kill the gain because the 
base can no longer control the col- 
lector current. Therefore, we hunt 
for a stage with normal input, but 
distorted or reduced output. 

AM Radio Checking 

AM radios can be signal -traced 
in much the same manner as that 
discussed previously. For example, 
in one such circuit (Fig. 4) , we find 
the values shown in Table 2. 

TABLE 2 
Detector output 30 mv. 
(Audio, i -kHz) 
2nd 1F transistor 
base 1500 µv. 

(455 -kHz, 30% modulated) 
1st IF transistor base 50 µv. 
Converter base 6.0 µv. 
Antenna input 90 µv. 
(1,000 -kHz, 30% modulated) 

Here again, we do not have to 
have an absolutely accurate RF sig- 
nal. We can use the voltage -gain 

ratios of each stage as we check 
back through the IF and RF stages 
(we are assuming that the audio 
stage has been checked out as pre- 
viously described). For example, 
the 1st IF stage has a voltage gain 
of 1500/50, or 30 times; from the 
converter base to 1st IF base, 50/6, 
or 8 times, etc. Even if your RF 
signal generator does not have a 
well -calibrated output attenuator, 
you will soon learn what amplitude 
of RF voltages is "normal" for each 
stage. 

FM Radios 

In a typical FM radio, we find 
values similar to those in Table 3. 

Table 3 

Limiter base 80,000 µv. 
(10.7 -MHz, AM) 

3rd IF base 8,000 µv. 
2nd IF base 800 µv. 
1st IF base 55 µv. 
Mixer base 60 µv. 
RF amplifier base 5 µv. 

(98.0 MHz, AM) 
Very few of us have "micro- 

volters" or an RF generator with an 
accurately calibrated output. So, we 
must find a way to do without such 
instruments. Actually, as we said be- 
fore, all that is needed is the voltage 
gain ratio between the input and 
output of a given stage. To obtain 
an indication of this ratio, connect 
an output indicator (scope, FET- 
VM, VTVM, or VOM) to point A 
in Fig. 4, which is the schematic of 
the FM receiver from which were 
taken the gain figures in Table 3. 
Connect the RF signal generator to 
the base of the limiter (X8) 
through a DC -blocking capacitor. 
Set the signal generator to 10.7 
MHz, (0% modulation) and ad- 
just the RF output to show any 
readable deffection on the meter - 
1.0 volt, 0.5 volt, 0.1 volt or what- 
ever is "comfortable" for you. Note 
the attenuator setting of the signal 
generator. This may not be 80,000 
µv, but that is what we are going to 
use it for. It is our "standard." 

Next, move the signal generator 
output back to the base of the 3rd 
IF stage. The meter reading should 
increase appreciably. In fact, if the 
3rd IF stage has normal gain (80,- 
000/8,000 =10) you should have 
to turn the step attenuator of the 
signal generator from X100 back to 
X10 (divide output by 10) to get 
approximately the same meter read- 
ing you had originally. That is all 
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Marketing axiom number 1: 

SELL 
WHERE 

YOU 
BUY. 

Let your lingers 
do the walking. 

Chances are you or somebody in your company uses the 
Yellow Pages regularly to buy supplies 

or services you need to do business. A study of just 
manufacturing firms alone proved 9 out of 10 

buyers do. That's why the Yellow Pages is such a good 
place to reach business prospects with your 

own advertising. Sell where you buy. It's good business. 
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there is to it; proceed through the 
rest of the stages, following the same 
procedure. To make the meter in- 
dication easier to read, you can ad- 
just the signal generator output when 
you determine the "comfortable" 
output for that stage. All of the 
tests discussed in this article can be 
made "one stage at a time," so we 
can adjust the instruments to read 
the gain of only a single stage. 

The average shop -type RF sig- 
nal generator probably will not pro- 
duce a signal level low enough to 
give an accurate 30- to 40-mv level; 
this is because of leakage around the 
output attenuator, stray capacitance, 
etc. However, if you require a 
weaker signal, loosen the coupling 
and, instead of making a direct 
connection to the input of a stage, 
clip the signal -generator output to 
something near (proximity coupl- 
ing) the input. 

This procedure is particularly 
helpful for checking RF stages; if 

you cannot direct -couple a 90 - 
MHz RF signal to the RF transistor 
base, you can obtain ample signal 
by simply laying the end of the RF 
output cable on the bench near the 
antenna (loop). Just make sure that 
it is clipped to something solid (and 
insulated, of course) so that it can- 
not change position, which changes 
the coupling and, consequently, the 
level of the input signal. 

Notice that in both the AM and 
FM RF/IF circuits we do get a 
voltage gain through each stage- 
which makes things a lot easier. 
Troubles in these circuits are usually 
caused by open IF transformers, 
leaking capacitors, bad resistors, or 
leaky transistors. Also, AGC trouble 
will affect the overall gain of all 
controlled IF stages. However, the 
AGC circuit can be clamped in the 
same manner as in TV AGC cir- 
cuits. Check the normal bias volt- 
age shown in the schematic with no 
signal input; this is the maximum 
gain condition for IF amplifier 
stages. 

The actual test procedure requires 
less time than it takes to read about 
it. After connecting the test equip- 
ment and locating the proper test 
points, you can proceed through the 
circuits very quickly and isolate the 
defective stage in a minimum 
amount of time. As in TV IF testing, 
we can shortcut the test procedure 
by injecting a very weak signal into 
the input of the IF stages and listen- 

ing for a strong "beep" from the 
audio output. If you get nothing 
through the IF atall, begin the stage 
gain tests. 

Gain Checking in Transistor TV 

A transistor TV set is no more 
difficult to signal trace than any 
other type of solid-state equipment 
-there are more signals, not dif- 
ferent ones. They are all "signals," 
no matter how you define them. 

The fastest way of servicing tran- 
sistor TV is by "function," which is 

the same method you have been us- 
ing for years; you look at the de- 
fective unit and find out what is not 
working-picture, sound, sync, etc. 
Then, through the process of elimi- 
nation, you go direct to the stage(s) 
that relates to that function. 

The Scope 
Because we do have separate sig- 

nals now, (sound, video, sync, etc.) 
we have to use a test instrument 
that will tell us the shape of the 
signal, as well as how much there is 
of it. The only instrument capable of 
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this is the scope. Even a very accur- 
ate peak -to -peak VTVM can tell 
us only that we have a certain am- 
plitude at a specific test point, it 
cannot tell us the shape of the wave- 
form. It could be video, audio, or 
even hum. Only the scope can tell 
us whether we are actually measur- 
ing the correct signal. 

Because the scope is basically a 
"comparison" instrument, you can 
make very rapid gain checks with it. 
Touch the scope probe to the input 
and output of a stage, and you have 
your information. If the input shows 

a 0.25" (vertical) pattern, and the 
output a 2.5" pattern, the stage 
has a gain of 10. 

The scope is an ideal "output in- 
dicator"; use it as the VTVM was 
used in the radio tests discussed pre- 
viously. Connect it to the output of 
the circuit-CRT cathode for ex- 
ample. Next, adjust the scope con- 
trols for a "usable" pattern. You 
can then check the preceding stage 
for gain by simple moving the 
scope probe to the input of the 
preceding stage, and noting the 
decrease in pattern height. Assume 
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the circuit under discussion is a 
video amplifier with a normal volt- 
age gain of 50, as in the example 
previously given. The difference be- 
tween the input and the output pat- 
terns should be representative of 50 
times, the output being 50 times 
greater than the input (approxi- 
mately) . 

We do not have to make absolute 
gain measurements with the scope. 
(Or with any of the previously men- 
tioned indicators, for that matter.) 
What we are looking for during the 
initial tests is a stage that has no 
gain at all, or one with a distorted 
pattern or greatly decreased gain. 
Connect the probe of the scope to 
the input and output of the stage, 
and look for an unusually large dif- 
ference in pattern height. When 
testing a multi -stage circuit, you 
need to touch the probe to only two 
points per stage-signal input and 
output. This will tell you what you 
must know, or, at what point the 
signal disappeared. 

Service Data: Location of Parts 
and Stages 

Last, but definitely not least, is 
the most important thing of all- 
service data. For the most efficient 
service, you must have complete, ac- 
curate service data; not only a sche- 
matic diagram, but also a phantom - 
view and photographs of the actual 
chassis. Without this, you are great- 
ly handicapped in the performance 
of any servicing technique. That is, 
as far as making any money is con- 
cerned. As an experiment, I tried to 
"cold turkey" a little import auto 
radio without a schematic, photo or 
any data at all; the results-almost 
4 hours of bench time. (Approxi- 
mately twice the value of the whole 
radio.) The same thing happened on 
other "experiments" with portables, 
etc. Out of several units, the only 
one that was fixed in anything like 
a reasonable time was a small three - 
transistor phono amplifier that had 
a shorted rectifier. 

Summary 

If you are going to be able to 
profitably s e r v i c e transistorized 
equipment, you must develop and 
use a practical servicing method that 
will permit you to find faults and 
repair them in the shortest possible 
time. The method described in this 
article is one that works for me, 
and I think it will work for you. 



Join "THE TROUBLESHOOTERS" 
who get paid top salaries for keeping today's electronic world running 

Suddenly the whole world is going 
electronic! And behind the micro- 
wave towers, push-button phones, 
computers, mobile radio, television 
equipment, guided missiles, etc., 
stand THE TROUBLESHOOTERS 

-the men urgently needed to in- 
spect, install, and service these 
modern miracles. They enjoy their 
work, and get well paid for it. Here's 
how you can join their privileged 
ranks-without having to quit your 
job or go to college to get the neces- 
sary training. 

JUST THINK how much in demand you would 
be if you could prevent a TV station from 

going off the air by repairing a transmitter... 
keep a whole assembly line moving by fixing au- 
tomated production controls...prevent a bank, 
an airline, or your government from making 
serious mistakes by servicing a computer. 

Today, whole industries depend on electronics. 
When breakdowns or emergencies occur, some- 
one has got to mo"e in, take over, and keep 
things running. That calls for one of a new breed 
of technicians-The Troubleshooters. 

Because they prevent expensive mistakes or 
delays, they get top pay-and a title to match. At 
Xerox and Philco, they're called Technical Rep- 
resentatives. At IBM they're Customer Engi- 
neers. In radio or TV, they're the Broadcast 
Engineers. 

What do you need to break into the ranks of 
The Troubleshooters? You might think you need 
a college degree, but you don't. What you need 
is know-how-the kind a good TV service tech- 
nician has-only lots more. 

Think With Your Head, Not Your Hands 
As one of The Troubleshooters, you'll have to 
be ready to tackle a wide variety of electronic 
problems. You may not be able to dismantle what 
you're working on-you must be able to take it 
apart "in your head." You'll have to know enough 
electronics to understand the engineering specs, 
read the wiring diagrams, and calculate how the 
circuits should test at any given point. 

Learning all this can be much simpler than 
you think. In fact, you can master it without 
setting foot in a classroom ... and without giv- 
ing up your job! 

For over 30 years, the Cleveland Institute of 
Electronics has specialized in teaching electron- 
ics at home. We've developed special techniques 
that make learning easy, even if you've had trouble 
studying before. Our AUTO-PROGRAMMEDT`t 
lessons build your knowledge as easily and 
solidly as you'd build a brick wall-one brick at 
a time. And our instruction is personal. Your 
teacher not. only grades your work, he analyzes 
it to make sure you are thinking correctly. And 

he returns it the same day received, while every- 
thing is fresh in your mind. 

Always Up -To-Date 
To keep up with the latest developments, our 
courses are constantly being revised. This year 
CIE students are getting new lessons in Laser 
Theory and Application, Microminiaturization, 
Single Sideband Techniques, Pulse Theory and 
Application, and Boolean Algebra. 

In addition, there is complete material on the 
latest troubleshooting techniques including Tan- 
dem System, Localizing through Bracketing, 
Equal Likelihood and Half -Split Division, and 
In -circuit Transistor Checking. There are spe- 
cial lessons on servicing two-way mobile radio 
equipment, a lucrative field in which many of 
our students have set up their own businesses. 

Your FCC License-or Your Money Back! 
Two-way mobile work and many other types of 
troubleshooting call for a Government FCC 
License, and our training is designed to get it 
for you. But even if your work doesn't require 
a license, it's a good idea to get one. Your FCC 
License will be accepted anywhere as proof of 
good electronics training. 

And no wonder. The licensing exam is so 
tough that two out of three non -CIE men who 
take it fail. But our training is so effective that 
9 out of 10 CIE graduates pass. That's why we 
can offer this famous warranty with confidence: 
If you complete a license preparation course, you 
get your FCC License-or your money back. 

Mail Coupon for 2 Free Books 
Want to know more? Send for our 40 -page cata- 
log describing our courses and the latest oppor- 
tunities in electronics. We'll also send a special 
book on how to get a Government FCC License. 
Both are free-just mail coupon below. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the 
new G.I. Bill. If you served on active duty 
since January 31, 1955, or are in service 
now, check box in coupon for G.I. Bill 
information. 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept.PF-51 Cleveland, Ohio 44114 

Circle 17 on literature card 

,- 
Cleveland Institute of Electronics 
1776 E. 17th St., Cleveland, Ohio 44114 

Please send me without cost or obligation: 

1. Your 40 -page book "How To Succeed In 
Electronics" describing the job opportu- 
nities in electronics today, and how your 
courses can prepare me for them. 

2. Your book on "How To Get A Commer- 
cial FCC License." 

Name 

Address 

City 

State Zip 

Occupation Age 

Check here for G.I. Bill information 
Accredited Member National Home Study Council 

PF -51 J 
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Routine servicing of 
AUTO RADIO 
A logical testing sequence speeds troubleshooting. by Homer L. Davidson 

Quick servicing of any consumer 
electronic device demands a rou- 
tine, logical troubleshooting proce- 
dure. Auto radio is no exception- 
even though it is relatively simpler 
to service than a b -w or color TV 
receiver. To diagnose and repair 
the greatest number of receivers 
within a given period and thus re- 
alize the greatest profit, the tech- 
nician must employ a servicing rou- 
tine that will quickly pinpoint the 
trouble with a minimum amount of 
testing. Such a routine begins with 
an accurate analysis of the trouble 
symptom(s), proceeds with a logical 
troubleshooting technique and con- 
cludes with correct replacement or 
lasting repair of the defective part 
or component. 

The following paragraphs discuss 
the general servicing procedures and 
test equipment required for repair- 
ing auto radios. Although a logical, 
step-by-step analysis of the subject 
is intended, in some cases it has 
been necessary to deviate from this 
course in order to dmc:ll on the more 
probable causes of a specific trouble 
symptom. 

Test Equipment Requirements 
Although there are some hybrid 

Fig. 1. Pencil -type noise generator. 

designs still in use, the majority of 
auto radios are of solid-state design. 
Thus, if you are now servicing other 
solid-state consumer electronic 
products, most of the test equip- 
ment required for auto radio servic- 
ing is probably already on your 
service bench. Specific equipment 
includes: a well -filtered variable DC 
power supply producing from 0 to 
15 volts; a VTVM or FET-type 
VOM; a transistor tester, preferably 
an in -circuit beta tester; and an RF 
or noise signal generator. A pencil - 
type noise generator, such as the 
one shown in Fig. 1, is suitable. 

In -Auto Checks 
Before removing the radio from 

the auto, determine exactly what 
trouble symptoms are displayed 
either from the owner or, preferably, 
from your own first-hand evalua- 
tion. Typically, the owners descrip- 
tion of the trouble is "It doesn't 
play" or "It just went dead." Such 
descriptions, although basically 
true, don't provide any specific clues 
to the source of the trouble. Usually 
the owners description is helpful 
only in the cases of intermittent op- 
eration, fading sound, or distortion. 
Consequently, you'll probably save 
a lot of diagnosis time by evaluating 
the operation of the radio yourself. 

First, turn the on -off switch on. 
If a thump is heard from the 
speaker, you can eliminate the audio 
output and speaker as the source 
of the trouble. If no thump is heard, 
check the speaker for continuity 
with an ohmmeter. The speaker 
should click as the ohmmeter leads 
are applied. 

With the volume control fully ad- 
vanced, slowly tune across the band, 
listening for even a faint signal. If 
none is heard, connect a spare an- 
tenna to the antenna jack on the 
receiver. The receiver should now 
pick up a local station if the original 

antenna or lead-in was defective. 
If the receiver operates normally 
with the spare antenna and lead-in 
attached, troubleshoot and repair 
the original antenna system, look- 
ing for broken or corroded connec- 
tions or an open lead-in or antenna. 
If the trouble symptom was inter- 
mittent operation, thump the anten- 
na, tighten connections, or bend the 
lead-in in an attempt to determine 
if the antenna system is the source 
of the trouble. 

If you have not uncovered and 
repaired the source of the trouble 
at this point, you have learned all 
there is to learn about the trouble 
with the receiver in the car and 
must now remove it for bench 
checking. 

Bench Checking 
After connecting the receiver to 

the DC power source and the shop 
antenna and speaker, perform an- 
other quick evaluation of the trou- 
ble symptom: Turn the volume to 
maximum and slowly tune across 
the band. In some cases, the re- 
ceiver will suddenly come to life, 
indicating that you have overlooked 
a bad antenna system or speaker 
during your in -auto check. How- 
ever, it is more probable that the 
original trouble will still be present. 
Dead Radio 

Many technicians consider this 
symptom the easiest to solve since 
it involves a go/no-go situation. 
The best approach to finding the 
source of the trouble is a logical 
process of elimination commonly 
referred to as signal substitution. 

First, localize the trouble to 
either the RF -IF or audio sections 
of the receiver. This is accomplished 
by injecting an audio or noise sig- 
nal at the detector side of the vol- 
ume control (point 1, Fig. 2). If the 
signal is not heard in the speaker, 
the audio section is probably the 
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Fig. 2. Block diagram of auto radio showing signal injection points. 
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Fig. 3. Possible sources of trouble causing intermittent symptom. 
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Fig. 5. Open bias control caused weak reception in Delco Model 7303311. 

source of the trouble. Apply the 
audio or noise signal to point 2A 
in Fig. 2. If no sound is heard in 
the speakers, check the output 
transistor with a transistor tester. If 
the transistor checks good, perform 
voltage and resistance measurements 
in the output circuitry. (When mak- 
ing resistance checks in transistor 
circuits, remove the transistor for 
more accurate measurements. In 
many instances the internal resist- 
ance of the transistor can produce 
misleading readings.) If the power 
supply is the cause of the "dead 
radio" symptom, voltage measure- 
ments will now reveal it. Typical 
voltages found in an auto radio are 
shown in Fig. 2. 

If a signal is heard in the speaker 
when the test signal is injected at 
point 2A, proceed to test points 3A 
and 4A, respectively, until the de- 
fective stage is located. Perform 
voltage and resistance checks to iso- 
late the defective component(s) as 
previously described. 

If the initial test at test point 1 

indicates the trouble is toward the 
front of the receiver, proceed to- 
ward the antenna coil with tests at 
2B through 8B, respectively. 

When the noise signal generator 
is placed on the opposite end of the 
detector (test point 3B, Fig. 2), 
there is substantial loss in audio 
signal. Because of this, the noise 
generator is not effective in the con- 
vertor and RF stages. An RF sig- 
nal generator is required for signal 
tracing in these stages. 

Set the RF generator to 262 KHz 
to match the IF frequency of the 
receiver. Start at the base of the 
second IF stage, then move to the 
collector of the first IF stage as in- 
dicated in Fig. 2. Next, start at the 
base of the convertor stage and 
keep turning down the gain control 
of the RF signal generator. To sig- 
nal trace the RF stage, set the RF 
signal generator frequency to 1600 
KHz with the radio dial at 1600. 

The FM section of an AM -FM 
radio is serviced in the same man- 
ner as the AM section. If the AM 
section is working and the FM re- 
ceiver is not, check the FM -RF and 
convertor stages. Since the first 
FM -IF stage is common to the AM 
section, the trouble must lie ahead 
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of the IF transformer. The compo- 
nents in the FM section are com- 
pact and should be replaced in the 
exact location as the originals. Fol- 
low the alignment procedure out- 
lined by the manufacturer's service 
literature or PHOTOFACT Folder. 

Intermittent Conditions 
Intermittent trouble symptoms in 

an auto radio are difficult to locate 
and repair. Sometimes they occur 
only while the receiver is in the 
automobile. In most cases the trou- 
ble causing the intermittent will be 
found to be a defective transistor, 
a cracked PC board, a rosen joint, 
coupling capacitor or IF transform- 
ers as indicated in Fig. 3. 

In cold weather if the radio re- 
fuses to play until the auto is 
warmed up, the trouble is probably 
an intermittent transistor. Remove 
the radio from the car and connect 
it to the bench power supply. Lower 
the supply voltage to 9 volts (auto 
radios will perform at this low sup- 
ply voltage). If the radio cuts out, 
replace the convertor transistor. 
(This also applies to a radio that 
will not play on either end of the 
broadcast band.) 

To locate the intermittent tran- 
sistor, first try the noise signal gen- 
erator. Always inject the signal to 
the collector terminal of the tran- 
sistor. Then apply the signal to the 
base terminal. If the radio suddenly 
begins playing the transistor is prob- 
ably intermittent. 

Remove the suspected intermit- 
tent transistor from the PC board 
and connect it to the beta transistor 
tester. If the results of the test are 
good, leave the transistor connected 
and apply cold mist. Generally this 
will cause it to open. If not, leave 
the transistor connected to the tester 

Fig. 7. Applying silicone grease to power 
output transistor. 

(A) Metal (B) Plastic 

Fig. 6. Metal and plastic -cased transistors 
have different lead layout. 

and check it every half hour. Some- 
times, carefully applying heat from 
a soldering gun near (but not touch- 
ing) the transistor will cause it to 
open. A quick spray of cold mist 
sometimes helps after heat has been 
applied. 

It is best not to apply the in - 
circuit transistor tester to a sus- 
pected intermittent transistor while 
it is soldered to the PC board. Ap- 
plying the in -circuit tester will prob- 
ably cause the intermittent transis- 
tor to snap on, and you will have 
to wait until the radio is dead again. 

Transistors with plastic cases are 
prime suspects for an intermittent 
condition. Twist the body of the 
transistor with long nose pliers to 
determine if the connecting element 
wires inside the case are making 
connection only intermittently. 

Another method to make the in- 
termittent transistor react is to 
spray each transistor with cold mist 
while the radio is playing. Start at 
the RF amplifier and work toward 
the power output stage. Spray the 
transistors at least three times, let- 
ing each warm up before going to 
the next one. Warm the transistor 
by holding it between your fingers. 
For difficult intermittent conditions, 
lower the supply voltage to 9 volts 
and then again spray each transistor 
with the cold mist. 

Check the PC board by gently 
twisting and prodding around on it. 
Sometimes it is quicker to resolder 
the complete PC wiring to eliminate 
an intermittent board. Repair the 
cracked board with regular hookup 
wire. 

Probe around on the soldered 
terminals of the IF transformer to 
reveal a suspected intermittent con- 
dition. While the radio is playing, 
twist the IF can. Remove the sus- 
pected IF transformer from the 
metal case. Check to see if each coil 
winding is soldered to the terminal 
connections. Many of these termi- 
nals have the coil wire just wrapped 
around and not soldered. 

An example of a typical inter- 
mittent trouble involved a Ford 
8TPO model. The radio would quit 
operating and would only resume 
when the car dash was hit. At other 
times, if the car hit a bump in the 
road, the radio would cut out. 
When the receiver was pulled from 
the car, it resumed operating on the 
repair bench. By tapping the chas- 
sis, the music would become inter- 
mittent. With the radio in a non- 
playing condition, a noise generator 
traced the signal past the audio net- 
work. The signal was dead at the 
center tap on the volume control. 

This meant the trouble lay be- 
tween the volume control and the 
audio network. A look at the sche- 
matic revealed that the most prob- 
able source of the trouble would be 
C18, the .47-mfd coupling capaci- 
tor. With the noise signal generator 
probe on the top terminal of the 
volume control, C18 was twisted 
and the radio began to play. C18 
was replaced and the intermittent 
condition disappeared. 

Weak Reception 
Defects causing weak reception 

can be uncovered using the signal 
substitution method described for a 
"dead radio symptom," except in 
this case the indication of a weak 
stage will be a drastically reduced 
output from the speaker instead of 
a signal or no -signal condition. Ex- 
perience will acquaint you with the 
signal levels that are satisfactory for 
each test point in Fig. 2. However, 
simple voltage and resistance tests, 
together with a clear understanding 
of circuit action, will often provide 
an even quicker indication of the 
defective stage. 

Following is a typical case his- 
tory of a weak reception symptom. 
Only a whisper could be heard on 
all stations across the broadcast 
band of a Delco Model 7303311. 
When the on -off switch was turned 
on, no sound was heard from the 
speaker. The trouble was assumed 
to be in the output circuit. 

The output transistor had re- 
cently been replaced, so the .47 - 
ohm bias resistor was checked. This 
resistor had also recently been re- 
placed, so both units were again 
checked. The emitter and base ter- 
minals indicated 12 volts. Zero 
voltage was indicated on the col- 
lector terminal. Both bias resistors 
and the audio output transformer 
checked normal. 
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COLOR GENERATORS 

4 reasons why Sencore is your best buy 
in professional test instruments 

LOBOY CG10 

America's lowest priced professional 
quality standard color bar generator. 
All solid state. Battery powered for 
maximum portability. 

$89.95 

COLOR KING CG141 

Absolute stability assured by exclusive 
"Temp Control" and new timer cir- 
cuitry. All standard patterns, plus new 
movable single dot and single cross. 
Analyzing features too. 

$149.95 

Whatever the need, Sencore has the color gen- 
erator that is just right for you. Each has the 
built-in quality you expect from Sencore. Each 
has standard RCA licensed color bar patterns. 

LOBOY CG12 

AC operated version of the CG10. Also 
has 4.5 MHz crystal controlled signal 
for fine tuning adjustment. 

$109.95 

COLOR ANALYZER CA122'13 

The complete analyzer for color and 
B&W-far more than just a color gen- 
erator. Has variable RF and IF outputs, 
composite video, chroma, and hori- 
zontal and vertical sync pulses. 

$187.50 

CD FR 

Each is triple tested fcr guaranteed accuracy. 
Each is steel encased with chrome panel. See 
your distributor for more reasons why Sencore is 
your best buy, always. 

NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE ADDISON ILLINOIS 60101 

Circle 18 on literature card 
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Since the first and second audio 
amplifier transistors were directly 
coupled, each collector lead was re- 
moved and in -circuit transistor tests 
were made. Both transistors tested 
normal. Checking the schematic, we 
focused our attention on R2, which 
varies the voltage on the emitter of 
the first audio amplifier. The bias 
control was found to be open near 
the emitter terminal of the first 
audio amplifier. Replacing the bias 
control restored the radio to normal 
service. 

Distorted Reception 
Garbled or distorted sound usu- 

ally results from a defect that af- 
fects the frequency response of the 
audio section. Bias resistors and 
coupling capacitors are the most 
likely suspects, although a damaged 
speaker should be the first suspect 
during the in -auto check. Substitu- 
tion of suspected components is 

usually the only positive method of 
isolating and curing a distortion 
symptom. 

Removing and Installing the 
Transistor 

To prevent further damage, exer- 
cise care when removing a sus- 
pected transistor from the PC board. 
Use a bulb or other type desolder- 
ing attachment to remove excess 
solder. Also, use the tip of a pair 
of long nose pliers as a heat sink. 

A small, pencil soldering iron 
will not provide enough heat to re- 
move a transistor element lead from 
a double -sided PC board. Use a 
large soldering gun, being careful 
not to "pop" any PC wiring from 
the insulated board. 

Signal 
Generator 
Frequency 

Connect 
probe through 
a . I -mfd ca- 
pacitor to 
base of con- 
vertor transis- 
tor ground 
shield. 

Signal 
Generator 
Connection 

262KHz 
with 400Hz 
modulation 

Always check to see where the 
collector terminal is located. Some 
transistors are marked with an ar- 
row beside the metal transistor case 
or on the PC board. In some in- 
stances no terminals are marked on 
either the PC board or transistor. 
Most metal transistors can be 
mounted directly into the PC board 
holes; however, this does not hold 
true for some plastic transistors 
whose leads will not correspond to 
the position of the holes in the PC 
board (Fig. 6). After the transistor 
is installed, do not cut the terminal 
leads until you are sure the replace- 
ment has cured the trouble. 

To remove the defective transis- 
tor from a double -sided PC board 
it is easier to cut the element leads 
close to the PC wiring. Cut the new 
transistor leads close to the correct 
length and form a curl, or loop, on 
each element wire and slip it over 
the cut lead on the PC board. Sol- 
der the two leads together with a 
pencil iron. 

Before the transistor is replaced, 
all corresponding components 
should be checked. Determine if 
associated capacitors are leaky, and 
check for burned base and emitter 
resistors. If a small transistor runs 
warm, replace it; but do not become 
alarmed if the power output trans- 
istor feels warm; this is normal. 
However, an output transistor that 
will turn moisture to steam should 
be replaced. 

When replacing the power tran- 
sistor on the heat sink, use a clean 
piece of insulation material. Apply 
silicone grease to the transistor and 
one side of the insulation piece as 
shown in Fig. 7. All power transis - 

TABLE I. 

Set 
Radio 
Dial 

above 
1600K Hz 

Meter and 
Connection Adjust 

Output 
meter 
across voice 
coil of 
speaker 

Top & bottom 
slugs of both IF 
transformer for 
maximum read- 
ing on meter. 

Connect 
probe through 
47 -pf capaci- 
tor to antenna 
input. 

I600KHz I600KHz same Adjust OSC, 
RF trimmer 
capacitors for 
maximum read- 
ing on meter. 

tor base and emitter terminals are 
off center and should be lined up 
before being placed into position. 

Checking Transistors 
A quick method of checking the 

condition of a transistor is with a 
beta in -circuit transistor tester. Clip 
the small, insulated alligator clip 
leads to the correct transistor termi- 
nals. Double check to insure that 
all terminal clips are on the correct 
transistor elements. The transistor 
can be tested for open, leaky, 
shorted, or intermittent conditions 
while the transistor is still soldered 
to the PC board. 

When a transistor is open there 
will be no reading on the beta scale 
of the tester. If the tester indicates 
an open transistor, check to see that 
all clips are firmly attached to the 
correct transistor terminal, and be 
sure the tester is set to the correct 
PNP or NPN position. 

Generally, if the meter registers 
high on the beta scale the condition 
of the transistor is good. In auto 
radio circuits, the in -circuit leakage 
tests will usually read quite high. 
This does not necessarily mean the 
transistor is defective. However, 
when the in -circuit leakage test in- 
dicates a dead short, the transistor 
is definitely defective. To make a 
correct leakage test, unsolder the 
collector terminal from the PC 
board and take another reading. 

Alignment 
For complete RF and IF align- 

ment of the auto radio, follow the 
general procedures outlined in Table 
1. Although auto receivers very sel- 
dom need alignment, often a quick 
touch-up will improve the selectiv- 
ity. Always touch up the RF -IF 
alignment after replacing an IF 
transformer or convertor transistor. 
When an RF or IF stage will not 
align properly, check for defective 
coils, IF transformers, and bypass 
capacitors. 

Last Minute Adjustments 
Before the covers are placed on 

the radio, be sure to check the con- 
dition of the pilot light. Clean all 
dust and dirt from the chassis and 
front dial assembly. Spray picture 
tube cleaner on the front dial and 
push button assemblies, brushing 
the solution around to get into the 
corners and between the push but- 
tons; wipe dry. Adjust all push but- 
tons to the favorite local stations. 
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New SK De ces 
Sim Servi ng of TV 
Deflecti'' Cir uits 

More than a dozen solid-state TV sets-RCA and others-can use 
these two new RCA SK -Series transistors-specifically designed for 
replacement use in deflection circuits. 

The RCA SK3034 is for replacement use in horizontal driver and in 
vertical -deflection -output circuits; the SK3035 is for replacement 
use in horizontal -deflection -output circuits. 

Both units are german um p -n -p devices in hermetically -sealed 
TO -3 packages, and are for use in domestic and imported TV sets 
with anode voltages to 18 KV and with picture tubes having deflec- 
tion angles up to 114°. 

Add both to your stock of RCA "Top -Of -The -Line" SK -Series re 
placement transistors. See your RCA Distributor today about your 
supply of RCA SK -Series replacements ... 33 individual units that 
can replace approximately 11,800 solid-state devices. 

RCA Electronic Components, Harrison, N.J. 07029. 
Circle 19 on literature card 

Get This Set of Screw- 
drivers FREE with your 
SK -Series solid-state 
replacements.* 

6 separate screwdrivers with 
graduated blade widths: 0.8 to 
3.8 mm. 

Rust -proof, tempered, hardened 
tungsten -steel blades. 

Chrome -plated brass handles. 
Work with one hand-screwdriver 

pivots around the top. 

*Ask your participating RCA Distributor for details. 
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Solid -State Meters 
Solid-state meters seem to be the 

answer to the service technician's 
prayer. These compact, small meters 
combine the attributes of both 
VTVM and VOM meters and, seem - 

DRAIN 

GATE GRID 

SOURCE 

(A) FET (B) Triode 

PLATE 

CATHODE 

Fiq. I. Function of FET and Vacuum tube 
elements are uniquely similar. 

ingly, have none of the inherent 
disadvantages of either instrument. 
Advantages include: 

a. Lightweight 
b. Compact design 
c. Battery operated 
d. High input impedance 
e. Versatile 
f. Extremely portable. 
Current drain is not extreme, and 

with proper care battery life will be 
fairly long. Most solid-state meters 
use conventional batteries that are 
available anywhere, which lessens 
the possibility of losing the services 
of your meter due to a dead battery 
while on a service call. 

by ELLSWORTH LADYMAN 

FET Circuit Analysis 
A brief discussion of field-effect 

transistor (FET) circuits, illustrating 
their relation to vacuum -tube oper- 
ation, will help to show their adapt- 
ability to meter circuitry (see Figs. 
1 and 2). A negative bias voltage 
is applied between the gate and the 
source elements of the FET. This 
voltage is analogous to the grid bias 
applied between the grid and the 
cathode of a vacuum tube. A posi- 
tive voltage is applied between the 
drain and the source. This voltage 
compares to the plate voltage of the 
vacuum tube. When the gate voltage 
is increased (negatively) to a suffi- 

VGS - 0 

I1111111 'Ili 
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II 111 

-0.5V 4 III II III II 
-1.0V 

I III1 3 

-1.5V 

-2.0V 
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y 
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2.55 
2 

3.0V 
-0.0V 

DRA IN -SOURCE VOLTAGE IDC VI 

(A) FET Curves. 

Fiq. 2. Performance curves point up simi- 
larity of FET and vacuum tube. 

AVERAGE CHARACTERISTICS 
WITH Ec l AS VARIABLE 
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(B) Tube Curves. 
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cient value, "pinch -off" occurs and 
drain current flow ceases. This is 
the same as bias cutoff in the vac- 
uum tube. 

When the proper values of volt- 
ages are applied to the gate, source, 
and drain, a decrease in gate bias 
effects an increase in drain current 
and, conversely, an increase in gate 
bias effects a decrease in drain cur- 
rent. The reverse -biasing of the gate 
junction causes gate current flow to 
be at a minimum; therefore, the 
high input -impedance characteristic 
that is desired for meter application 
is attained. 

Solid -State Meter Circuits 
DC Voltmeter (Fig. 3) 

For measuring DC voltages, an 
amplifier employing an FET at the 
input provides impedance conver- 
sion and drives the meter. Precision 
voltage dividers extend the range 
from the basic 100 mv sensitivity to 
1000 volts. In the AC mode, an 
additional amplifier furnishes the 
required gain to provide 10 mv 
sensitivity. The DC voltage at the 
input is applied across a voltage di- 
vider to the amplifier. Basic attenu- 
ation is in decade steps; intermedi- 
ate ranges are attained through a re- 
duction in amplifier sensitivity. 
Ohmmeter (Fig. 4) 

Ohmmeter action is the same as 
for most meters. The unknown re- 
sistance, when connected across the 
input circuit, is placed in series with 
a portion of the voltage divider net- 
work and the battery. The voltage 
drop across the known and unknown 
resistance is proportional to their 
value since identical current flows 
through each. The voltage applied 
across the unknown resistance is ap- 
plied to the amplifier; meter deflec- 
tion is calibrated in terms of resis- 
tance, or ohms. 
AC Voltmeter (Fig. 5) 

Input AC voltages of less than 
one volt amplitude are applied di- 
rectly to an impedance converter 
circuit. The output of the imped- 
ance converter is attenuated to pro- 
vide a 10-mv input to the amplifier 
at full scale on all ranges. A com- 
pensated attenuator reduces input 
voltages ranging from 1 to 1000 
volts, 50 db previous to impedance 
conversion. 

The AC amplifier circuit is con- 
ventional. DC feedback provides for 
bias stability. Output detection is 
normally accomplished through the 
use of an average -responding detec- 
tor between the input and the meter. 

INPUT 

O. IV 

0.3V 

1. 0V 

0 3.OV1 

10. 0V 

R3 

30. 0V 

100. 0V 

R4 

1KV 
300.OV 

.--o.- LOW PASS 

FILTER 

-Ì 

Fig. 3. Simplified schematic of FET DC voltmeter. 
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oRx100 

9meg 

o Rxlmeg 
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GAIN 
(OHMS ADJ) 
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Fig. 4. FET meter ohmmeter circuit is similar to that employed in 
conventional VTVM. 
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Fig 5. Simplified schematic of FET AC voltmeter. 
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Triplett Model 601 is designed 
to provide a means of measuring 
practically every variable in the 
home entertainment field from ohms 
to dB. Push-button switching al- 
lows the service technician to 
quickly select either DC volts (+ 
and -), ohms, AC volts, or power 
ohms. 

A unique feature of Model 601 is 

the Low Power Ohms range. This 

Fig. 6. Triplett Model 601 solid-state VOM. 

allows the operator to make in -cir- 
cuit resistance measurements of in- 
tegrated circuits without damaging 
delicate electronic components. In - 
circuit resistance measurements are 
made without loading; 75 millivolts 
is applied to the device under test, 
with maximum applied power being 
0.1 mw. 

Hi-fi and stereo service techni- 
cians will like the dB scale range. 
The operator can make measure- 
ments in 10 dB steps from -40 to 

+60 dB. A single function selector 
provides control of all operations. 

To counteract the high -sensitivity 
requirements for AC measurements, 
Model 601 utilizes a slender, 
shielded probe and insulated lead. 
The probe has a built-in slide 
switch with a resistor in series with 
the meter circuitry for DC voltage 
readings. This probe plus a "ground 
lead" comprises the probe require- 
ments for all measurements. 

The outside dimensions of the in- 
strument are 3 3/16" x 5'/e" x 

61/2". The theory of operation of 
Model 601 was covered under the 
heading of "DC Voltmeter," "Ohm- 
meter," and "AC Voltmeter" earlier 
in this article. 

Triplett Model 601 (Fig. 6) 
Specifications 

DC Volts 
Ranges: 

0 to 0.1, 0.3, 1.0, 3.0, 10, 
30, 100, 300, 1000 @ 11 

megohms. 

AC Volts 
Ranges: 

0 to 0.01, 0.03, 0.01, 0.3, 
1.0, 3.0, 10, 30, 100, 300, 
1000 @ 11 megohms. 

Ohms 

Ranges: 
0 to 1000, 10K, 100K, 1 

meg, 10 meg, 100 meg, 
1000 meg (standard 1.5V, 
5.5). 
0 to 1000, 10K, 100K, 1 

meg, 10 meg, 100 meg, 
1000 meg (Low Power 0.1 
mw, 75 mv). 
Center Scale value 10 ohms 
on xl range. 

DC Current 
Ranges: 

0 to 10, 100, 1000, 10,000 
microampere at 100 mv. 

AC Current 
Ranges: 

0 to 10, 100, 1000, 10,000 
microampere at 100 mv. 

dB 
Ranges: 

-40 dB to +60 dB in 10 
dB steps. 

Meter Size and Type: 
41/2" suspension meter 
movement 

Sensitivity: 
10 mv on AC 

Accuracy: 
± 2% of full scale on DC 
± 3% of full scale on AC 

Input Impedance: 
11 megohms on all ranges. 

Frequency Response: 
50 Hz to 50 KHz 

Batteries: 
Ten 11/2 -volt "AA" cells, 
NEDA #15. 

Differential Amplifier Meter 
Circuit (Sencore Model FE14, 

Fig. 8) 

Sencore uses a different approach, 
employing an all-FET circuit de- 
sign in a differential amplifier type 
circuit (see Fig. 9). Circuit opera- 
tion is as follows: 01 and 02 form 
the differential amplifier used for 
DC volts and ohms measurements. 
With zero volts applied to the input 
of 01, the Zero Adjust control 
(R31) is adjusted in such a man- 
ner that voltages developed across 
the source resistor, R14 and R22, 
are equal. Therefore, no current can 
flow through the meter. The DC 
Balance control (R29) is an internal 
adjustment. Its function is the same 
as the Zero Adjust control, except 

Fig. 7. Amphenol Model 870 VOM. 

Amphenol Model 870 (Fig. 7) 
Specifications 

DC Volts 
Ranges: 

0 to 0.1, 0.3, 1.0, 3.0, 10, 
30, 100, 300, 1000 

AC Volts 
Ranges: 

0 to 0.01, 0.03, 0.1, 0.3, 
1.0, 3.0, 10, 30, 100, 300 

dB 
Ranges: 

-40, -30, -20, -10, 0, 
+10, +20, +30, +40, 
+50 (-12 to +2 Scale) 

Accuracy: 
± 3% of full scale on all 
ranges from 50 Hz to 50 
KHz. 

Input Impedance: 
10 mv to 1V, 10 megohm 
shunted by 31 pf. 
3V to 300V, 10 megohm 
shunted by 20 pf. 

Weight: 
5 lbs. (includes batteries) 
4.5 lbs. (less batteries) 
8.5 lbs. (shipping weight) 
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Zenith Tubes... 
life -tested for greater dependability! 

Exciting Surprises 
for You- 

and Your Family! 
Fun for all! 

Get the details 
at your Zenith 
Distributor's 

Parts Department. 

t' 
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ZENITH TV PICTURE TUBES are rigor- 
ously tested at elevated li-ie voltages for 
lengthy periods. Just one reason you can be 
sure of Zenith's great reliability and long 
life that better satisfies your customers. 
More than 200 Zenith quality tubes-for 
color TV, black -and -white TV, or special 
purposes-are in the comí lete line. 

ZENITH "ROYAL CREST" CIRCUIT TUBES 
undergo over 11/2 millior hours of life - 
testing every month. Under actual operat- 
ing conditions, they must meet the same 
quality standards as Zenith original parts- 
to perform with unrivalec dependability. 
Choose from a full line of more than 900 
top-quality Zenith tubes. 

Order all genuine Zenith replacement parts 
and accessories from your Zenith distributor 

Zenith B&W replacement picture tubes are 
made only from new parts and materials ex- 
cept for the glass envelope in some tubes 
which, prior to reuse, is inspected and tested 
to the same high standard as a new envelope. 
Some color picture tubes contain used ma- 
terial which, prior to reuse, is carefully in- 
spected to meet Zenith's high quality stand- 
ards. 

BEST YEAR YET TO SELL THE BEST 

rérgffif 
The quality goes in 

before the name goes on 

Circle 20 on literature card 
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important news from HOWARD W. SAMS 

NOME CARTRIDGE TAPE PLAYERS 

now covered in the famous PHOTOFACT® 

Specialized Service Data Series! 

Prepares you to cash in 

on the servicing problems 

connected with the fast- 

growing sales of the new 

Home Cartridge Tape Players 

Volumes in the Home Cartridge Tape 
Player PHOTOFACT Series will now be issued as required to 
cover the appearance of new models in all makes. Each 
volume includes incomparable PHOTOFACT service data 
for an average of 12 to 14 units. You get a wealth of com- 
plete, authoritative, exclusive information: Standard No- 
tation® schematics, CircuiTrace®, chassis photos, trou- 
bleshooting clues, replacement parts lists-everything 
you need for time -saving, profitable repair work! 

Regular price per volume $3.95- 
only $3.65 when purchased on a yearly 
subscription-you save 300 per volume! 

See your local SAMS Distributor for a money -saving 
subscription to the HOME CARTRIDGE TAPE PLAYER 

Series (latest addition to the famous PHOTOFACT 
Specialized Service Data Series which now covers Tape 
Recorders, Auto Radios, CB Radios, and Transistor 
Radios). Get in on the profit potential of specialized 
equipment servicing! 

HOWARD W. SAMS & CO., INC. 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Circle 21 on literature card 

4:D TRANSISTOR 

FUNDAMENTALS 

SERIES 

Here is the authoritative, complete 4 -volume 
study and reference work on transistors. The 
text is brilliantly programmed for easy under- 
standing. The series begins with a description 
of transistors and how they work; later volumes 
explain their applications in a wide variety of 
circuits. All volumes, 51,, x 83/". 

Vol. 1 Basic Semiconductor & Circuit Principles 
by Robert J. Brite. A carefully planned programmed 
introduction to semiconductors and the basic elec- 
trical circuits. Describes transistors; gives a detailed 
explanation of transistor principles. To provide a 
background for understanding, there are explanations 
of voltage, current, resistance, and Ohm's and Kirch- 
hoff's Laws; sheds light also on the factors of induct- 
ance, capacitance, and resistance in ac circuits. 
240 pages. Order 20641, only $4.50 

Vol. 2. Basic Transistor Circuits 
by Charles A. Pike. Describes how transistors are used 
in semiconductor circuits. Simple circuits illustrate 
the basic principles involved; the more complicated 
circuits, such as those used in amplifiers and oscilla- 
tors, help to show how the basic operations are applied. 
Also presents recent semiconductor developments and 
devices. 208 pages. Order 20642, only $4.50 

Vol. 3. Electronic Equipment Circuits 
by Martin Gersten. Covers circuits used in audio, 
radio, and television equipment. Gives basic explana- 
tion of block and schematic diagrams, and operating 
principles of input and output devices. Covers the 
uses of basic test equipment; teaches how to recog- 
nize trouble symptoms in circuits, and how to track 
them down to specific stages or points. 192 pages. 
Order 20643, only $4.50 

Vol. 4. Digital and Special Circuits 
by Reginald H. Peniston & Louis Schweitzer. Explains 
how transistorized digital circuits operate. Describes 
the binary number system so that its application in 
digital circuits can be understood. Covers the basic 
principles of various digital circuits; once these cir- 
cuits are understood, their application in computers, 
test equipment, and tracking and sensing devices, 
can be easily mastered. 208 pages. 
Order 20644, only $4.50 

4 -Volume Set In Slipcase. 
Order 20645, only ... 615.95 

These and over 300 other SAMS 
Books are available from your local 

Electronics Parts Distributor. 

PFF-9 
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that it provides only a coarse zero 
adjustment, functioning to compen- 
sate for component aging and toler- 
ances in manufacture. When a DC 
voltage is applied to the input of 
01, the balance existing between 
01 and 02 is upset. The meter will 
indicate in proportion the amplitude 
of the applied voltage. Seven DC 
and AC ranges are supplied by the 
input voltage dividers, R1 through 
R8. Capacitors C2 through C8 pro- 
vide compensation for the dividers 
for measuring AC voltages. The DC 
Calibrate control (R15) is, as the 
name implies, used to calibrate the 
meter on the DC scale. A known 
DC voltage is applied to the meter; 
the DC Calibrate control is then 
adjusted to read accordingly. When 
a voltage whose amplitude exceeds 
the setting of the range switch is 
applied to the gate of 01, a neon 
bulb (NE2) conducts (fires), hold- 
ing the applied voltage to a safe 
level and, thus, preventing damage 
to the FET. 
Resistance 

Resistance readings are accom- 
plished by applying the battery volt- 
age across a voltage divider con- 
sisting of the unknown resistance 
and a resistor of a known value (R9 
the known resistance for Xl range, 

R2 

10 K 1% 

C2 

I. 015 mf 10% 

C3 O R3 O 
23,3K I% 15600 5% 

C 

6.67 meg 1% T2O5% 
RS CS 

233 K 1% 

R6 

667 K 1% 

R7 

2.33 meg 1% 

RB 

66. 7 K 1% 

R9 

R1 

5meg 1004 
1% 1% 

52 p~ +o 
FUN CT ION 

5% 

C6 

200 5% 

TTC7 

i71 

-DC MA) 
CDC IVIMAI 

ACV OHMS 
BAIT -CHECK 

20 5% 

1KV 

RANGE - 
SW ITCH 

A 1000Vo«- 
303Vo SI 
100V 

30V o 

lOV o 

3V o 

1V o 

RX1-o 
RX10.--0 

RX100.--o 

RX10K 4--o 
X 1 meg.-o 

R10 the known resistance for X10 
range, etc.), then reading the volt- 
age developed across the known re- 
sistance. Originally, with the un- 
known resistance having a value of 
zero (leads shorted together), the 
Ohms Adjust control (R23) is ad- 
justed so the meter reads full scale 
(the total battery voltage supplied 
by B1 is applied across 01). When 
an external, unknown resistance is 
placed between the leads, the meter 
will read proportionately lower, de- 
pending on the value of resistance. 
This is due to the voltage drop 
across the divider network. The volt- 
age applied (battery voltage) divides 
across the known and unknown re- 
sistors according to the value of the 
unknown resistance. 
AC Measurements 

The input AC voltage is applied 
to 01 through a voltage divider net- 
work consisting of R2 through R8, 
as was also true for operating in the 
DC volts mode. The output of Q1 is 
coupled to a peak -to -peak detector 
consisting of capacitors C10, C11, 
and diodes X1 and X2. The DC 
output of the peak -to -peak detector 
circuit is applied to 02 through a 
coupling network composed of R25, 
R26, R27 and X6. The meter 
movement is connected to the source 

circuit of 02; therefore, the meter 
indication is proportional to the 
peak -to -peak AC voltage applied to 
Ql. Diodes X5 and X6 function 
to compensate for temperature 
changes, keeping the meter indica- 
tion accurate over a temperature 
range from 32° to 122° F. Diodes 
protect the meter movement from 
excessive overloads of several am- 
peres. Resistor R24 functions to 
protect diodes X3 and X4 and will 
open when the maximum current 
ratings of the diodes are exceeded. 

Fig. 8. Sencore Model FE 14 FET meter. 
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Fig. 9. Sencore Model FE14 employs all-FET differential amplifier design. 
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ALL NEW! 
NRl learn -by -doing training in 

ADVANCED 
COLOR TV 

THE ONLY 

COLOR TV 
TOTALLY 

ENGINEERED FOR 
TRAINING 

Build your own custom color 
set in 5 training stages 

50 designed -for -learning 
color circuit experiments 

Programmed with 18 "bite -size" 
lesson texts 
A comprehensive training plan for the 

man who already has a knowledge of 
monochrome circuits and wants to 
quickly add Color TV servicing to his 
skills. DEFINITELY NOT FOR BE- 
GINNERS. It picks up where most 
other courses leave off - giving you 
"hands on" experience as you build the 
only custom Color TV set engineered 
for training. You gain a professional 
understanding of all color circuits 
through logical demonstrations never 
before presented. The end product is 
your own quality receiver. 

TRAIN WITH THE LEADER 
This NRI course - like all NRI train- 
ing - is an outgrowth of more than 50 
years experience training men for Elec- 
tronics. NRI has simplified, organized 
and dramatized home -study training to 
make it easy, practical, entertaining. 
You train with your hands as well as 
your head, acquiring the equivalent of 
months of on-the-job experience. De- 
mand for Color TV Service Technicians 
is great and growing. Cash in on the 
color boom. Train with NRI - oldest 
and largest school of its kind. Mail 
coupon. No obligation. No salesman will 
call. NATIONAL RADIO INSTI- 
TUTE, Color Div., Wash., D.C. 20016. 

MAIL FOR FREE CATALOG 

NATIONAL RADIO INSTITUTE 
Color TV Division 
Washington, D.C. 20016 45.098 

Send me complete information on NRI new Advanced 
Color TV Training. (No salesman will call) 

Name 

Address 

City State Zip 

ACCREDITED MEMBER NATIONAL NOME STUDY COUNCIL 

Age __ 

Sencore Model FE16 (Fig. 10) 
Sencore is shortly going to make 

available Model FE16, identical in 
size and specification to Model 
FE14 but with closer tolerances and 
geared for industrial electronic func- 
tions. Accuracy of the FE16 will be 
1.5 percent on DC ranges and 3 
percent for AC ranges. 

MOOEb¡b 

: _..,. 
e 

Fiq. 10. Sentore Model FEU:. FET meter. 

Sencore Model FE149 Senior 
(Fig. 11) 

Another new model proposed by 
Sencore is a bench -type FET meter, 
Model FE149. It will feature push- 
button range and function selection, 
with a 15-megohm input impedance 
on both AC and DC ranges. In- 
cluded in the specifications of this 
model are: true peak -to -peak on AC 
volts, AC and DC current ranges, 
calibrated zero center and a 6 -ohm 
center -scale ohms range that will 
measure up to 6,000 megohms. 
Model FE149 also features a unique 
three-way power system. It can be 
operated either from an AC line, 
from a rechargeable battery system 
or while the batteries are recharg- 
ing. A simple probe is used on all 
functions of Model FE149. 

Sencore Model FE14 
Specifications 

DC Volts 
Ranges: 

0 to 1, 3, 10, 30, 100, 300 
and 1000, full scale -.5 to 
.5, -1.5 to 1.5, -5 to 5, 
-15 to 15, -50 to 50, 
-150 to 150 and -500 to 
500, zero center scale 
ranges. 

Input resistance: 
15 megohms shunted by 14 
pf. 

Accuracy: 
+3% full scale from 32° 
F. to 122° F. 

AC rejection: 
30 to 300 times (30 to 50 
dB). 

AC Volts 
Ranges (Rms): 

0 to 1, 3, 30, 100, 300 
and 1000 full scale, fre- 
quency compensated. 

Ranges (peak -to -peak): 
0 to 2.8, 8.4, 28, 84, 280, 
840 and 2800, full scale, 
frequency compensated. 

Input resistance: 
10 megohms shunted by 29 
pf. 

Frequency response: 
Flat from 25 Hz to 1 MHz. 

Accuracy: 
-5% full scale from 32° 

F. to 122° F. 

Fig. I I. Sencore Model FE149 FET meter. 

Coming Next Month In PF Reporter... 
Troubleshooting A Multi - 
Trouble TV 

Proper Conduct During Home 
Calls 

Turntable Repairs 

Servicing Stereo 

And many more features 
packed with practical ser- 
vicing info. 

L 

Circle 22 on literature card 
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PF Reporter egoekete 

QI 

121-451 
HORIZ DRIVER 

57V 

2.1V 

E 

2. 

70V 

DC VOLTAGES taken with VTVM-no color signal in- 
put. *Indicates voltage taken with color -bar input-see 
"Operating Variations." 

HORIZ OUTPUT 

68V 

WIDTH SLEEVE 

Horizontal driver/ 
output stages 
Solid state 

DEFLECTION YOKE- 
HORIZ WINDING 

W5 500V 78 LC 

WAVEFORMS taken with wide -band scope; TV con- 
trols set to produce normal color -bar pattern. LC (low - 
cap) probe used to obtain all waveforms. 

Normal Operation 

Circuit shown (Zenith Ch. 1Y21B55) is typical hori- 
zontal driver/output stage used in both small- and 
large -screen, all -transistor TV receivers. Configura- 
tions may vary, but action is similar. Driver stage re- 
ceives pulses at horizontal rate, shapes signal into 
square wave, and powers the output transistor. Both 
driver and output transistors operate as switches; driver 
conducts only on positive pulses from oscillator. Out- 
put transistor is cut off during negative portion of 
waveform present at base, but conducts heavily during 
positive -going portion. Zenith Ch. 1Y21B55 uses sine 
wave horizontal oscillations at collector (sine -wave 
pulse occuring at horizontal rate). Emitter is direct - 
coupled to base of Q1 (driver); oscillator collector 
pulses are shaped into a square wave (W1). Q1 (NPN) 
conducts on positive portion; collector output is square 
wave with positive portion starting simultaneously with 
occurrence of horizontal sync pulse. W2 is transformer - 
coupled (matches impedance of Q1 collector to 02 
base) to output stage. With transformer inversion of 
signal, first portion of W3 (negative going) drives 02 
into cutoff, second half cycle (positive going) saturates 
02. Output transistor (Q2) circuit action: During 02 
cutoff capacitor C7 discharges through yoke winding, 
deflecting CRT electron beam linearly. At center of 
trace 02 becomes saturated by positive portion of W3 
and conducts heavily, supplying power to yoke, sus- 
taining remainder of trace. Combined action -02 cut- 
off/saturated-results in linear trace across CRT (W4, 
W5). At end of trace W3 drives Q2 into cutoff, causing 
overshoot pulse in flyback transformer. This pulse re- 
verses yoke current, producing retrace. Capacitor C7 
charges during Q2 conduction time. 

Operating Variations 

Very slight DC variation with changing 
Qt signal strength; drops approximately 0.1 

volt only because B+ source drops ap- 
proximately 0.1 volt. Adjustment of horizontal hold 
control to point where picture is out of sync effects a 
slight change in contour of wave shape; however, basic 
peaks remain the same. 

Q 1 E, 
Q1C 

Contour and magnitude of waveform re- 
mains fairly constant under change of sig- 
nal strength. Slight variation in voltage 

although contour of waveshape does not change when 
brightness control is varied. 

Signal voltage composed of rectified out- 
put of 02. This signal then filtered and 
used for focus action. Magnitude of sig- 

nal voltage remains fairly constant under different sig- 
nal strengths and control adjustments. 

High voltage varies 1.5K from minimum 
to maximum brightness control settings; 
20KV at normal brightness, 19KV at 

maximum brightness and 20.5KV at minimum. 

Boost 

Little or no variation at these points in 
either voltage or waveshape. Neither sig- 
nal strength nor adjustment of control 

produces a change in waveshape or amplitude. 

Q2B,C 
Very slight change with signal variation, 
voltage difference caused by slight change 
in B+ source voltage. Contour and mag- 

nitude of waveforms remain fairly constant. 

Yoke- 
Input 

High 
Voltage 
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New Dual Purpose 
OSCILLOSCOPE/VECTORSCOPE 

OECUASCWH CONNECTIONS ON AERI 

NOW - YOU CAN HAVE BOTH IN ONE INSTRUMENT: 

A CONVENTIONAL WIDE BAND OSCILLOSCOPE 

A PROFESSIONAL 5 -INCH VECTORSCOPE 
The PS148 wide band scope is identical in features 
and specifications to the PS127. In addition, it pro- 
vides a vectorscope for complete simplified trouble- 
shooting and alignment of color TV chroma circuits. 
Now, you can view the vector patterns as recom- 
mended by Zenith or display the standard "S" pat- 
tern as recommended by RCA. Both methods are 
at your fingertips with the PS148. Now, for only 
$20.00 more than the PS127, you can view vectors 
and still own a deluxe wide band scope for all other 
work. Why pay many times more? 
Converts at the flick of a switch on rear panel 
from a professional wide band scope to a large 
5 -inch vectorscope. All vectorscope connections 
and controls are located on rear for ease of oper- 
ation and to prevent color demodulator circuit 
loading. 

Simplified instructions for using the vectorscope 
in color TV chroma circuits and for troubleshoot- 
ing and alignment are packed with each instru- 
ment. 
Comes with special vectorgraph screen which 
shows exact degree of chroma demodulation; also 
includes viewing hood. 

Use with any standard 10 bar color generator, 
such as all Sencore, RCA, etc. Use your present 
color generator and save money. 

Vectorscope connections on PS148 rear also 
speeds up other work where direct connections to 
the CRT deflection plates are required; such as, 
modulation checks and lissajous patterns for com- 
munications or lab work. 

Typical Vector 
pattern 

OWLY 

$21950 
NO. 1 MANUFACTURER OF ELECTRON/C MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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SYMPTOM 1 

Symptom 
Analysis 

Horizontal Foldover 
Narrow Picture 

R4 Increased in Value 
(Q1 Collector -270 ohms, 1 watt) 

Raster shows 2" to 3" foldover in center of screen. 
Width is insufficient regardless of adjustment of width 
sleeve. Picture is dim and slightly out of focus. High - 
voltage measures 10KV but blooms slightly more than 
normal. Vertical sweep excessive; however, controls 
work normally. 

Waveform Analysis 

W4 is key: large pulse decreased 
to 280 volts p -p with an unac- 
countable trailing pulse. W1 is 
decreased (3 volts p -p, normally 
4 volts p -p), but sufficient basic 
content provides proper square - 
wave output at collector of Q 1. 

W2, at Q1 output, indicates tim- 
ing is off (Q1 not on long enough 
during each cycle). W2 is re- 
duced (30 volts p -p. normally 
125 volts). W3 supports findings 
of W2 (5 volts p -p, normally 15 
volts). W6 could also be key: 
only 3 volts p -p compared to 
normal 7 volts. 

Voltage and 
Component Analysis 

8V 76V 

7.9V -.17V 

1.2V 

B+ on collector of Q2 measures higher than normal, 
indicating horizontal output stage not conducting. B+ 
source voltage is high (77 volts). Reading at 02 base 
(-0.17V) indicates reduction in drive. 01 collector 
measures only 8 volts-condition affects B+ and bias 
circuits. Symptom usually originates as compression 
in center of screen, critical horizontal sync or "Christ- 
mas tree" when brightness control advanced. Reduced 
amplitude of W2 is relevant, but important clue is 
change in "on -off" cycle of square wave. Shorter dura- 
tion of "on" cycle, coupled with voltage inversion in 
Ti, reduces cutoff time of 02, distorting W4 and W5. 

Best Bet: Scope, then YTYM. 



SYMPTOM 2 

Symptom 
Analysis 

Narrow Raster 

Dim Picture 
Q1 Leaky 

(Horizontal Driver-NPN) 

Right side of raster lost. Raster can be expanded by 
centering and adjusting width sleeve. Right side com- 
pressed, left side expanded. Raster blooms when bright- 
ness control is advanced; focus poor; second anode 
voltage low (10 to 12KV, normally about 20KV with 
normal brightness adjustment). 

W4 LUUv 575 LC 

W3 RV 7875- Lî 

72 40V 78rí... IC 

Waveform Analysis 

W4 and W5 appear near normal 
in content but reduced in ampli- 
tude (W4 at 400 volts p -p, W5 
at 420 volts p -p, normal is 500 
volts). W3, only about 50% of 
normal amplitude, also shows 
distortion-not a linear square 
wave-positive-going portion 
(used to switch Q2 "on") of 
shorter duration than negative 
portion. W2 weak in amplitude 
and distorted (positive -going por- 
tion much longer in duration than 
negative portion). W1 slightly in- 
creased in amplitude-proper po- 
larity, but distortion is evident. 

Ql 

*2.9V 

*32V 

*32V 
33V 

Voltage and 33V 

Component Analysis 3V 4.7V 
4.9V 

*4.7V C=64V 4.9V B=-.24V 

The clue is reduced Q1 collector voltage (32 volts, 
normally 57 volts). Q1 emitter voltage is above nor- 
mal and Q1 is potentially cut off, producing change in 
switching time. Further increase in 01 leakage will 
completely cut off Q1 and raster will disappear. VTVM 
readings indicate 470 ohms between collector and 
emitter of Ql. Right side of raster is affected since 
second half of trace and retrace is produced by con- 
duction of 02. Leakage of 02 reduces drive signal at 
02 base, therefore limiting conduction of 02. In this 
instance, 02 conduction allows nearly normal high - 
voltage production and flyback action. 

Best Bet: YTVM and component substitution. 

makes first class 
soldering the easiest 

part of any job 

The 
original Duai Heat 

Soldering Guns 
Preferred by technicians for their 

fast heating copper tips, exclusive 
trigger -controlled dual heat, and high 
soldering efficiency. Available in 3 watt- 

age sizes, each with spotlight. 

100/140.watt Model 8200, 145/210 -watt 
Model D-440, and 240/325 -watt Model 
D-550. Also in complete kits: 

Dependable MARKSMAN Irons 
in a size for every job 

Ideal for deep chassis work and continuous -duty soldering, 
Marksman irons outperform others of comparable size and 
weight. All five feature long -reach stainless steel barrels 
and replaceable tips. 

25 -watt, 13/4 -oz. Model SP -23 with 3/a" tip (In kit with extra tips, 
soldering aid, solder-Model SP -23K) 
40 -watt, 2 -oz. Model SP -40 with 3/4" tip 
80 -watt, 4 -oz. Model SP -80 with 3/a" tip 

. 120 -watt, 10 -oz. Model SP -120 with 3/2" tip 

. 175 -watt, 16 -oz. Model SP -175 with s/é" tip 

25 -watt Technician's Iron 
for intricate circuit work 

vp,deg,i;l1M1111 

Industrial rated pencil iron weighs only 13/4 ounces, yet delivers 
tip temperatures to 860°F. Cool, impact -resistant handle. All 
parts readily replaceable. Model W -PS with 1/4 -inch tapered tip. 

Also available: A new Battery Operated Iron for use with 12 
volt battery or 12-24 volt AC/DC source. Complete with 12 ft. 
cord and battery clips. Model TCP-12. 

Complete Weller Line at your Electronic Parts Distributor. 

WELLER ELECTRIC CORPORATION, Easton, Pa. 
WORLD LEADER IN SOLDERING TOOLS 
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Your next 
tuner cleaning 
job could cost 

somebody 
15 bucks. 

You. 

You blow about 15 bucks every time you have a 
contact cleaning call back. Isn't it worth spend- 
ing a few extra minutes to save that $15 and 
your customer's good will? Then do the job right 
the first time with ContaCare Kit Ill. Unlike 
sprays that simply push the "gunk" around to 
dry and harden, ContaCare does a thorough 
cleaning and lubricating job. You just pour the 
special liquid cleaner on the lint -free cloth 
applicator and wipe away all film, dust and dirt. 
Then apply a little of our permanent lubricant 
to the contacts. The job's done-right. And you 
may have saved yourself $15. ContaCare is 
non-flammable, non-conductive, and provides 
trouble -free results for both black & white and 
color sets. Properly used, ContaCare Kit Ill will 
provide you with over 100 cleanings. Available 
at parts distributors. Price $1.98 

CONTp],CA E 

.t`,l C 
eteet ;,.. 

1 

HELPFUL TUNER SERVICE 
TIPS INSIDE 

EACH CARTON! 

A valuable booklet 
on repair and ser- 
vicing written by 
one of the world's 
largest tuner 
manufacturers is 
packed with each 
kit. 

Standard Components 
DIVISION OF STANDARD KOLLSMAN INDUSTRIES, INC. 
2085 North Hawthorne Ave. Melrose Park, Illinois 60160 
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SYMPTOM 3 

Symptom 
Analysis 

Center Drive Line 

Christmas Tree Effect 
R5 Increased in Value 

(5.6 ohms, 1 watt) 

Drive line in exact center of screen. Raster narrow; 
can be adjusted with width sleeve. Raster has Christ- 
mas tree effect at higher brightness control settings. 
High -voltage decreased slightly (18KV) at normal 
brightness; drops to approximately 15KV at maximum. 

Waveform Analysis 

First W4 amplitude near normal; 
however, spike halfway through 
trace causes compression of ras- 
ter (drive line). Second W4, taken 
with brightness control advanced, 
contains series of spikes associ- 
ated with Christmas tree effect 
which places increased load on 
output transformer. Amplitude of 
W3 increased 30 to 35% and 
slightly distorted (negative por- 
tion longer). W2 amplitude also 
increased (200 volts p -p, nor- 
mally 125 volts), and distorted 
interval of negative -going portion 
should be shorter. W2 indicates 
defect probably in drive control 
circuit. 

Voltage and 
Component Analysis 

2.1V 

41 Q2 70V 
64V f - 

7.8V 

-4.2V 

8+=76V 

Relatively high bias voltage at base of 02 is best clue 
(-4.2 volts, normally -1.9). Negative bias on NPN 
type transistor misleading, but bias set so that 02 
conducts only on positive -going portion of square wave, 
cut off on negative going portion. In this instance, in- 
correct bias upsets 02 switch -action timing. Trouble 
compounded by interaction of stages. Example: hori- 
zontal oscillator emitter bias is through R1 to bottom 
of output secondary winding and a 100 -ohm resistor to B-; thus, erroneous output signal is fed back to 
oscillator through driver output stage. 

Best Bet: VTVM for voltage and resistance. 



SYMPTOM 4 

Symptom 
Analysis 

Narrow Raster 

Raster Compressed At Left Center 
X1 Leaky 

(Damper Diode) 

Raster quite narrow, drawn in from both sides with 
distinct horizontal drive line (compressed area) at the 
left center portion of the screen. Raster blooms when 
brightness control is advanced. Picture and sound in- 
formation normal. 

3504 7575- LC 

542110V 7575-1r. 

Waveform Analysis 

Waveform at 02 collector (W4) 
is low in amplitude (350 volts 
p -p, compared to a normal of 
500 volts). Content distorted 
showing a positive going spike 
(same direction as retrace) about 
halfway through trace, thus indi- 
cating the compressed area of 
raster. Waveform W3 at base of 
02 is near normal in content and 
amplitude, a symmetrical square 
wave with negative going spikes, 
the first spike initiates 02 cut- 
off, the second has no effect as 
02 is cut off at this time. W2 
also near normal in content and 
amplitude. Waveform analysis 
isolates trouble to Q2 or 02 out- 
put circuitry. 

Voltage and 
Component Analysis 

-1.5V 

Q2 

47V 

B+ -60V 

Q2 collector voltage decreased to 47 volts, 13 volts be- 
low B+. Collector supply circuit is through 10 -ohm 
varistor and primary of output transformer, should be 
little drop in voltage. Horizontal output circuit is ma- 
jor portion of total load on B+ supply. Short causes 
severe B+ loading. Leaky capacitors C5, C6 or C7 
could cause similar symptom, as could 02. Damper 
diode serves same purpose as tube type, but if diode 
(damper) opens only linearity is affected since 02 acts 
as damper. High voltage not lost as boost, not sup- 
ported from damper circuit. 

Best Bet: Scope, then YTYM. 

In -Circuit Transistor Testers 

Used To Be Expensive... 

The Heathkit° IT -18 
Just Changed That ... $24.95 

Tests transistors in or out of circuit for DC Beta 
Tests transistors out of circuit for Iceo and Icbo leakage 
Identifies unknown diode leads and NPN & PNP transistors 
Big 4%", 200 uA meter reads DC Beta and leakage directly 
Two DC Beta ranges, 2-100 and 20-1000 
Expanded leakage current scale, 0-5000 uA, 1000 uA midscale, 
5 uA first division 
10 -turn planetary ball type calibrate control 
Portable, battery powered from a single "D" cell 
Handy, attached 3' test leads 

Heath engineers have done it again - a major price breakthrough in the cost 
of in -circuit transistor checkers. And this one has practically everything that 
the more expensive ones have and a few things that they don't, like a scale 
that reads DC Beta, not AC, from 2-1000, in or out of circuit. A big plus, because 
all manufacturers' specs are DC Beta. Measures emitter to collector and base 
to collector leakage current out of circuit, from 0-5000 uA, with 1000 uA 
center scale for extra readability. Matches transistors of the same or opposite 
types too. The ten -turn calibration control takes the frustration out of calibrating 
the IT -18 and you don't have to worry about circuit damage from improperly 
connecting it either. You'll like its small portable size, built-in test leads, front 
panel socket for low power devices, long "D" cell battery life and the ease 
of being able to check any bi -polar device. Order your IT -18 now, build in less 
than 2 hours, and congratulate yourself on knowing an extra value when 
you see it! 
Kit IT -18, 4 lbs.... no money dn., $5 mo. 824.95 

IT -18 SPECIFICATIONS - D. C. Beta: x 1 range -2 to 100, x 10 range - 
20to1000.Out-of-CircuitAccuracy: ±5%. In -Circuit Accuracy: Indicates 
good or bad (accuracy depends upon circuit being tested). Leakage: Iceo, 
lobo, diodes forward or reverse (out -of -circuit only) 0-5000 uA. Power: 
One standard "D" cell (not supplied). Dimensions: 8%" wide, 4V high, 7W' 
deep (including handle). Net Weight: 24 lbs. 

FREE 
1969 

Heathkit 
Catalog 

World's largest selec- 
tion of electronic kits 

. over 300 to choose 
from . . for school, 
home, and industry. 
Send for your free 
copy today. 

r 
HEATH COMPANY, Dept 25-9 

Benton Harbor, Michigan 49022 

D Rush my FREE Heathkit Catalog. 

D Enclosed is $ including shipping. 

Please send model(s) 

Name 

Address 

City State Zip 
Prices & specifications subject to change 
without notice. TE -198J 
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SYMPTOM S 

Symptom 
Analysis 

Narrow Raster 

Linearity Near Normal 
C5 Decreased in Value 

(Flyback Tuning Capacitor) 

Raster narrow. Vertical sweep near normal; width 
sleeve adjustment helps, but corner shadows appear be- 
fore attaining proper width. Horizontal linearity slightly 
off-compression at left, expansion at right. Bright- 
ness excessive. Second anode voltage 22KV at normal 
brightness (should be 20KV). 

W3 I5V 775 - t 

Waveform Analysis 

W4 has relatively linear baseline 
portion (nearly straight line), re- 
trace portion is distorted-in- 
stead of one pulse with dip at 
peak, it is now two separate 
spikes, and amplitude is excessive 
(650 volts p -p, normally 500 
volts). Increased amplitude of 
W4 results in incorrect control 
of CRT electron beam-trace 
completed before entire screen 
scanned. W3 near normal in con- 
tent and amplitude, isolating de- 
fect to output stage. W5 shows 
results of change in capacitance 
of C5. 

Voltage and 
Component Analysis 

-1.8V 

67V 

DC voltages measure well within tolerance and offer 
no clues to the source of trouble. Primary function of 
capacitor C5 (in conjunction with other components in 
circuit) is to resonate with flyback and yoke inductances 
at a frequency of 50KHz. C5 value is extremely critical 
and should be replaced only with capacitor having exact 
same specifications. A small change in either direction 
results in a noticeable change in raster width and the 
amplitude of high voltage. 

SYMPTOM 6 

Symptom 
Analysis 

Excessive Width 
Vertical Sweep Normal 

C7 Decreased in Value 
(Yoke Coupling -1 mfd) 

Raster far too wide. Vertical sweep appears near nor- 
mal. Much of picture is lost at edges. Width sleeve 
adjustment narrows picture but in process causes non - 
linearity, compressed edges, and expanded center. High 
voltage is normal, but some blooming at maximum 
brightness. 

Waveform Analysis 

Waveform W5, at input to hori- 
zontal deflection coil, distorted, 
excessive in amplitude (600 volts 
p -p versus normal 500 volts), 
dropping to an exaggerated low 
in base line portion. Waveform 
W4 is normal in both content and 
amplitude. Waveform W3, at in- 
put of 02, is also normal in con- 
tent and amplitude. Due to the 
interaction of components in the 
output stage, waveform analysis 
is far more useful in isolating a 
defective stage than in attempting 
to isolate the specific defective 
component. 

Voltage and 
Component Analysis 

-).8V 

62V 

B+=66V 

02 collector voltage lower than normal, but within 
tolerance. C7 is close -tolerance capacitor and should 
be replaced only by exact type. Functions of C7: block 
DC from deflection yoke, couple and shape yoke drive 
signal. C7 charged during 02 conduction cycle. 02 
ceases conducting at end of trace, flyback ringing 
starts, large pulses reverse yoke current (retrace). X1 
damps ringing pulses as C7 discharges through yoke, 
producing linear trace through first half of sweep. 

Best Bet. Careful scope work; component substitution. 
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THE 
TROUBLESHOOTER 

Smear 
There is a trouble symptom that has plagued me on 

several occasions. This symptom has not been covered, 
to my knowledge, in any of your books or in PF RE- 
PORTER. It is a symptom where the brightest repro- 
ductions of white cause a smear in the direction of 
the scanning. This is especially true if the white ob- 
ject parallels the scanning lines. In extreme cases the 
white smear extends horizontally across the entire pic- 
ture. Small portions of the picture, or the lettering is 
surrounded by a small, round arc. 

NORBERT SHRI\Es 
Hutchinson, Minn. 

(A) N anal. 

94.1mum1 

..%)umme).° 
(B) Low -frequency attenuation. (C) Low -frequency boost. 

(D) Pha e shift. (E) High-freque cy attenuation. 

The symptoms are interesting but due to their in- 
frequency we have not made them the subject of an 
article. Our plans for the next few issues do not in- 
clude this subject; however, we will keep it in mind. 

The causes of this symptom seem to fall into three 
categories: video amplifier malfunction, vertical de- 
flection breakdown, or a defective CRT. The smear 
that follows the brightest reproductions of white on 
the CRT can be caused by a number of component 
failures in the video amplifier stage. A leaky coupling 
capacitor, an open cathode or screen bypass capacitor, 
change of value in resistors, or a defective peaking 
coil can give this indication. 

A good method of isolating this trouble is through 
the use of a square -wave generator and scope to check 
the square -wave response at 30 Hz (for low -frequency 
response) and then at 200 KHz (for high -frequency 

Why is a Vectorscope essential 

for Color TV servicing? 

1 

2 

3 

Check and align demodulators to any angle ... 90', 105°, 
115° ... accurately and quickly. No guesswork. New color 
sets no longer demodulate at 90°. Only with a Vectorscope 
can these odd angles be determined for those hard -to -get 
skin tones. 

Check and align bandpass-amplifier circuits. Eliminate 
weak color and smeared color with proper alignment. No 
other equipment required. Only a V7 Vectorscope does this. 

Pinpoint troubles to a specific color circuit. Each stage in a 

TV set contributes a definite characteristic to the vector 
pattern. An improper vector pattern localizes the trouble 
to the particular circuit affecting either vector amplitude, 
vector angle or vector shape. Only a V7 Vectorscope does 
this. 

LECTROTECH V7 
color vectorscope/generator 

y? 

EXCLUSIVE FEATURES: 
Color Vectorscope: Until now, available only in $1500 testers 
designed for broadcast use. Accurately measures color demodu- 
lation to check R -Y and B -Y, for color phase and amplitude. 
A must for total color and those hard -to -get skin tones. Self - 
Calibrating. Adjust timing circuit without external test equip- 
ment. Dial -A -Line. Adjust horizontal line to any width from 1-4 
lines. Solid State Reliability in timer and signal circuits. Plus: 
All Crosshatch, Dots, Vertical only, Horizontal only and Keyed 
Rainbow Patterns. RF at channels 3, 4 or 5. Video Output (Pos. 
and Neg. adjustable) for signal injection trouble -shooting. Red - 
Blue -Green Gun. Killer. All transistor and timer circuits are 
voltage -regulated to operate under wide line voltage ranges. 
Lightweight, compact-only 81/4x71/2x121/2rr. 

ONE YEAR WARRANTY 

NET 18950 

V6 -B 
New, improved complete color bar generator with all the 

D features of the V7 except the Vectorscope. Only 99.50 

For the full story, see your 
distributor or write for literature. 

Dept. PF -9 

LECTROTECH, INC. 
1221 W. Devon Ave., Chicago, Ill. 60626 
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response). A 200 KHz signal contains harmonics up 
to several megahertz. By observing the waveshape of 
the video output circuit you can determine the quality 
of reproduction and amplification of the video output 
stage. 

Some of the basic distortions found in video ampli- 
fiers are shown here. Most video amplifiers will have 
some overshoot on the leading edge of the square 
wave. This is done to provide for extremely fast rise 
time. However, this overshoot should be less than 10 

per cent to prevent undue distortion. 
The compression or folding of the raster during 

vertical scan is sometimes caused by insufficient filter- 
ing in the power supply or in the vertical output stage. 
Leakage and/or loss of capacitance can allow spurious 
signals to feed into the vertical circuits. Bridging of 
the capacitors does not always correct this. The best 
method for isolating this defect is to use the scope to 
visually inspect the power supply output and the volt- 
age on the control grid of the vertical output stage. A 

small spike on the linear portion of the sawtooth 
waveform is a classic indication of an unwanted signal 
feeding into the vertical section. 

Multiple Symptoms 
I have in for repair a Catalina Model 122-772B. The 

original complaint was a blurry picture. Operation 
then degenerated, producing the following symptoms: 
a decrease in vertical sweep, double image (at times) 
and an increase in brightness resulting in an increase 
in vertical sweep with blooming and loss of focus. All 
components related to the vertical section have been 

Discriminate Between 
Desired Signal and 
Unwanted Noise 

FREE SP ACE 

SI ANDING 
W PIE 

moo ANIEMI 
A 

UHF-VHF-FM-COLOR HF-VHF-FM-CO 

Investigate now! 

Q Eteebamei Jite. 
Manufacturers of the TARGET ANTENNA 

Phone 419-693-0528 

206 West Florence Street Toledo, Ohio 43605 

replaced. The high -voltage rectifier, horizontal output, 
and horizontal oscillator have also been replaced. Are 
these symptoms related? 

Taylor, Texas. 

The trouble causing the symptoms you describe is 
not necessarily located in the vertical section. You 
made no mention of the boost voltage. I suggest you 
check that and the current through the horizontal out- 
put tube (V9) . Also, check and adjust the high volt- 
age applied to the anode of the CRT. 

PAT N. KILLDORD 

Intermittent Boost 
I am working on an RCA CTC19D color chassis. 

The symptom is no picture; sound normal. Boost volt- 
age is reduced by 50 percent. All source voltages are 
within tolerance. In checking the horizontal AFC, 
oscillator, and output stages I found the abnormal 
readings shown in Table 1. 

V10 
Pins 
Voltage 

Vll 

Table 1 

1 2 3 6 7 
15V -0.5V 0.3V 235V 0.15V 

Pins l and 7 2 and 6 8 
Voltage 15V 4.5V 50V 

I have checked all tubes including the CRT and 
they are okay. All resistance measurements (using the 

Got a 

Troubleshooting Tip? 
If you've recently run across an un- 
usual trouble symptom and have de- 
termined what caused it, why not pass 
the information on to the other read- 
ers of PF Reporter? You'll not only be 
saving other service technicians val- 
uable troubleshooting time, you'll also 
be making a little extra change your- 
self. Send a thorough description of 
the trouble symptom and the solution 
along with a brief discussion of your 
troubleshooting technique to: 

Troubleshooting Tip 
PF REPORTER 

1014 Wyandotte Street, 
Kansas City, Mo. 64105 
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voltages indicated in PHOTOFACT Folder 909-2 as a 
standard) are within tolerance with the exception of 
V202. Pin 3 reads 10K ohms instead of 70K ohms and 
Pins 6 and 9 read 8K ohms instead of 71K ohms and 
80K ohms, respectively. 

I feel the trouble is located somewhere in the hori- 
zontal circuits. I have checked practically every com- 
ponent in these circuits, including a resistance check 
of T4. While I could find nothing defective, I did re- 
place the boost rectifier (X5). 

In making some further checks, using my oscillo- 
scope, I allowed the probe to slip from Pin 2 of V11. 
Immediately the screen was illuminated. I made some 
necessary adjustments and got a picture on the CRT. 
However the picture is pulled in from each side and 
the horizontal hold control has no effect. When setting 
the service switch to "service" nothing appears on the 
CRT. In the "raster" position I get a green tinted 
screen. 

Mineola, New York 

SYNC 
SEPARATOR 

200 pf 

N750 5% 

235V 

TO C90 

150K 

390 pf 

TO 9178 

TO V19B CATHODE 

EDWARD BARNES 

G -V AMP 

A6GH8A 

1meg 

10V 5 

8 .047 

12V 

8750 
5% 

68K 

380V 

TP13 10 CRT 

GRID 

75 pf 

TKV 
t 

235V 

You are experiencing multiple difficulties. The volt- 
ages you measured while troubleshooting indicate that 
the horizontal oscillator stage was inoperative. When 
your oscilloscope probe slipped during waveform 
measurements the oscillator was shocked or excited 
into operation. Check the voltage dependent resistor 
(VDR) R114 on Pin 1 of V10. This could be the 
cause of your intermittent horizontal oscillator. 

The second problem (green tinted raster) could be 
caused by either of two defects. Very likely it is V17A, 
the G -Y amplifier. When this stage becomes inopera- 
tive, the voltage on Pin 7 of the CRT will increase. 
This voltage increase results in a decrease of the bias 
applied to the green gun of the CRT, effectively in- 
creasing its conduction, producing the green raster. 

Another item to check is the chroma reference oscil- 
lator. A bad crystal also can cause the green tint you 
describe. 
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CotOA 8AR PATTfhi1 6ftEAA104 

LCG-387 

COLOR BAR 
PATTERN GENERATOR 

Here it is- LEADER's new color bar pattern 
generator which includes the keyed rainbow, 

SQUARE crosshatch, dots, AND the single 

cross bar. In fact, this cross pattern will speed 

up adjustments on raster centering, purity at 

the center and dynamic convergence. Sharp 
and clear lines, both vertical and horizontal, 
produced by return trace blanking. Two switch - 
able channels, 5 and 6, with 10mV output. 
Solid state, of course, with voltage regulated 
supply. Compact and sturdy construction for 

field use- supplied with carrying bag for con- 

venience. Size only 234 HX a \V X 4Tá D in., and 
weight 3.3 lbs approx. 

LEADER ELECTRONICS CORP. 
NEW YORK OFFICE 
101- 103 ROME ST.. FARMINGDALE,L.I.. N. Y. 11735 

TEL (516)694-1534 541-5373 
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defy..e 
cornpetton 
to top Oxford quality, variety, delivery, and prices! 

Here are the speakers with the 
quality features demanded for 
today's critical sound require- 
ments. Extra heavy ceramic mag- 
nets for wider range, with Oxford's 
exclusive "Floating Suspension 
Surround" the permanently flexi- 
ble edge that extends the low 
frequency spectrum without un- 
desirable hangover, assuring 
smoother mid -range, brilliant high 
frequency response. 

Paging and Talk 
Back Speakers 

All Weather Speakers 

Replacement Speakers 

Professional Musical 
Instrument Speaker 

Public Address Speakers "TEMPO" Hi-Fi Speaker 

Match your needs from a full 
range of speakers for new highs 
in high fidelity performance. Best 
of all, they're available now from - 

OXFORD. 
of course. 

M[MFfER 

A MA 

Write for complete information today! 

OXFORD TRANSDUCER 

COMPANY 
A Division of Oxford Electric Corporation 

3911 S. Michigan Ave., Chicago, III. 60653 

PHOTOFACT BULLETINTM 

PHOTOFACT BULLETIN lists new PHOTOFACT coverage 
issued during the last month for new TV chassis. This 
is another way PF REPORTER brings you the very latest 
facts you need to keep fully informed between regu- 
lar issues of PHOTOFAcr Index Supplements issued in 
March, June and September. PHOTOFAcr Folders can 
be obtained from your local parts distributor. 

ADMIRAL Chassis K1563-5, 12G1363-5 ...986-1 

ARVIN 

BRADFORD 

CATV-59584/691/709, 
CWES-57018/133 986-2 

CATALINA Model 122-760A 980-1 

PACKARD BELL Chassis 98C11A 985-1 

MAGNAVOX 

RCA 

Chassis 1.31701/801/901, 
1.37101 982-1 

Chassis T931 -01 -AA thru -19-AA, 
T391 -23 -AA/ -25 -AA/ -26 -AA ...984-1 
Remote Control Transmitter 704041-1, 
Receiver 704044-1 thru -10 ....984-1A 

Chassis CTC27XAA 982-2 
Chassis CTC35C 979-1 
Chassis KCS169B 984-2 
Chassis KCS171B 981-1 
Chassis KCS173B/D/E/H 980-2 
Remote Control Receiver KRS29B 
Transmitter KRT4B 980-2A 

SETCHELL CARLSON 

Chassis U806 978-2 
Chassis U807 979-2 
Chassis U808 980-3 

SHARP Model TU -30P 986-3 

SYLVANIA Chassis B04-7, B04-8 983-1 

TRUETONE 

Models MEA3755B-76, 
MEA4857A-86 982-3 

WESTINGHOUSE 

Chassis V-2659-1/-2, 
V-2660-1/-2/-3 984-3 
Chassis V-2662-1 985-2 

ZENITH 
Chassis 13Y12 978-3 
Chassis 15Y6C15 983-2 
Chassis 20Y1C48, 20Y1050 981-2 
Remote Control Receiver S-74626, 
S-75276, S-79636 981-2A 
Remote Control Receiver S-77536, 
Transmitter S-68936 981-2B 
Remote Control Receiver 
S-78304 981-2C 
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PRODUCT R!!!n 
for further information on any of the following 

items, circle the associated number on the 
Catalog Er Literature Card. 

Power Adapter 
(55) 

An AC adapter for use with 12 - 
and 14 -volt mobile transceivers has 
been developed by the Amphenol 
Corporation. 

The new universal power supply 
is the first AC adapter ever de- 
signed to provide instant DC power 
for almost all transistorized in -car 
shortwave radio transceivers. 
Known as the Amphenol Model 
790 "Power Pedestal," the AC to 
DC adapter requires no special con- 
nectors, mounting straps, terminal 
lugs or alignment pins. Two mag- 
netically impregnated rubber 
mounting strips hold the transceiver 

in place. Electrically isolated from 
the supply circuit, they permit use 
with any mobile transceiver that has 
a flat metal base surface. Chassis 
isolation enables instant termination 
to both positive and negative 
ground communications sets. Elec- 
trical connections are made to two 
binding posts, clearly marked for 
polarity, at the rear of the power 
supply chassis. 

A transistor capacitor/multiplier 
configuration serves to increase ap- 
parent circuit filtering capacity au- 
tomatically as the load is varied. 
The unit exhibits five percent out- 
put regulation with only 0.05 per- 
cent ripple (low current ripple: 0.4 

RMS BEST 
PERFORMING 

UHF CONVERTERS 

RMS SOLID-STATE TWO TRANSISTOR DELUXE 
UHF CONVERTER HAS BUILT-IN AMPLIFIER! 
Updates any VHF TV Set to receive any of the 83 UHF/VHF Channels. Low noise, drift -free 
operation. Simple hook-up. Charcoal Gray Hi -Impact Plastic Housing has Silver -matte finish 
front panel. Features accurately calibrated UHF dial, UHF/VHF antenna switch, on/off switch, 
advanced pilot light indicator and tuning control. 
Model CR -300 List $34.95 

RMS SOLID-STATE 
ECONOMICAL UHF CONVERTER 
Two transistor advanced circuitry. Durable 
metal housing has wood grain finish and Satin 
Gold front panel with Black knobs having 
Gold inserts. #CR-2TW List $27.95 

RMS UHF ANTENNAS .. . 

Top performers for all areas! Brings clearest Color and Black and 
White Reception on all UHF Channels 14-83. Features Reynolds 
Aluminum COLORWELD! 

RMSWrite for FREE Information on these and other 
Profit Building Products.... 

ELECTRONICS, INC. 
50 ANTIN PLACE, BRONX, N.Y. 10462 Tel. (212) TY 2-6700 

COMPLETE OVERHAUL 

ON ALL MAKES 

OF TV TUNERS 
Maximum Time In Shop 24 Hrs. 

Price Change Effective August 1, 1968 

(WE SHIP C.O.D.) 

$ 9.95 

Black & 

White 
or Color 

VHF or 
UHF 

UV Combo's $16.50 

Price includes all labor and parts 
except Tubes, Diodes & Transistors. 
If combo tuner needs only one unit 
repaired, disassemble and ship only 
defective unit. Otherwise there will 
be a charge for a combo tuner. 
Ship tuners to us complete with 
Tubes, Tube Shields, Tuner Cover 
and all parts (including) any broken 
parts, State chassis, model number 
and complaint. 

All tuners are serviced by FACTORY 
TRAINED TECHNICIANS with years 
of experience in this specialized 
field. All tuners are ALIGNED TO 
MANUFACTURERS SPECIFICATION 
on crystal controlled equipment 
and air checked on monitor before 
shipping to assure that tuner is 
operating properly. 

GEM CITY TUNER 

REPAIR SERVICE 
Box 6C Babel Station 

2631 Mardon Drive 

Dayton, Ohio 45420 
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NEWEST 
ADDITION 

OF TV INSTALLATION 
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Circle 33 on literature card 

my AC ripple at 1 amp). Output 
voltage is 13.5 volts DC, nominal. 

Model 790 is solid-state through- 
out, featuring dual rectifier diodes, 
2N544 transistor capacitor/multi- 
plier and ZA-14 zener diode volt- 
age regulator. 

Housed in an inclined silver and 
blue case, the unit weighs 4 lbs., 
measures 3" x 6" x 8", and is 
priced at $29.95. 

Tape Case 
(56) 

The Winegard Company has an- 
nounced the availability of the 
Tape -Case. The portable cabinet for 
home and auto has been designed to 
file and protect both 4- and 8 -track 
tape cartridges. The case measures 
115/a" x 6" x 53/4" and holds as 
many as nine cartridges. 

The cabinet is molded of high 
impact polystyrene and rollback 
doors are polypropylene in off- 
white to coordinate with the walnut 
grain vinyl top and bottom. 

The versatile case sits on side, 
end or bottom and is lightweight. 
Price is $5.95. 

Compressor -Preamplifier 
(57) 

Caringella Electronics announces 
the new solid-state Model ACP -1 
Compressor-Preamp. The unit is 
available as a kit or completely 
wired and tested. 

The Compressor-Preamp can be 
used with any tape recorder for 
automatic control of recording level, 
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