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ELECTROLYTICS ARE DIFFERENT 
THE WAY A WET BATTERY DIFFERS 
FROM A DRY CELL. 

A wet battery rated at 100 
amp hours versus a dry 
cell rated at .01 to 1 amp 
hour. 
An electrolytic rated at 1 

to 10.000 mfd versus a 

tubular or wrap or film at 
.000001 to 1 mfd. 
Wide tolerance (-10 to 
+150%) versus close tol- 
erance (+2%). 

EIA TOLERANCES PROVE THIS. 
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Gram 661 to 560 volta. mrlumve -1051 00R 

ELECTROLYTICS ARE USED AS FILTER 
CAPACITORS FOR POWER SUPPLIES - 
IN CIRCUITS WHERE CLOSE TOLER- 
ANCES ARE NOT NEEDED. 
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LTER CAPACITOR CHARGES TO PEAK AND NO VIGVElI 
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INCREASING CAPACITY WILL NOT RAISE VOLTAGE 

BEYOND PEAK VALUE 

NEW RATINGS ARE USUALLY 
COVERED BY WIDE RANGE 
COLOR-LYTICS. 

No waiting for new "exact' re- 
placements; wide range lytics 
will replace many cans in chas- 
sis now being designed. 

' í 
/ ` ` J 

' ` \ ' / ` ` ' / ` \''/ 

Six straight shots 
from the Wide Ranger. 

For TV replacement electrolytics there are many advantages 
with Wide Range Color-Lytics.® Most important for you, it means 
more profit. The Wide Ranger represents CDE's wide range elec- 
trolytic program. His 200 -plus replacement electrolytics do the 
job of over 2000 so-called "exact" replacements. Since each of 
CDE's units are suitable for a number of different ratings, you can 

serve your customers better and faster with reduced inventories 
at greater profit. CDE Wide Range Color-Lytics-they should make 

everyone in the business happy except the Exact Kid. 

cog CORNELL- 
DURI LI E R 50 Paris Street, Newark, New Jersey 07101 

Circle 1 on literature card 

ONE CAN REPLACE MANY; 
NO NEED FOR EXACTITUDE. 

MAKE MORE MONEY! 

Faster turnover 
More dollars earned 
Less dollars invested 
Less obsolescence 
Better customer service 
Fewer lost sales 
Less back orders 
Quicker inventory 
Less shelf space 
Better and wider coverage 
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You asked for it, waited for it and now here it is! 

WINEGARD 
ULTRA PLEX 
The first 82 -channel, solid state MATV color distribution system! 

82 -Channel U1-ra-Plex System 
using lo band pl Jg-in VHF ampliler 
...hi tend plug-in VHF amplifier .. . 

and broad bard UHF amplifier. 

82 -Channel Ulira-Plex System 
using single channel plug-in amplifiers. 

)..HF 

AN -ENNA Gsi 

UHF 
AN -ENNA (S) 

TO LINE 
TAPS 

Winegarc Ultra-Plex s a unique 82 -channel, modular 
plug-in distribution system :lit i all comzonents matched 
to work togethe- perfect) 1. TI -e system never becomes 
obsolete, becal.se you can acd new LHF or VHF chan- 
nels quicxly, easily and neroensivelywhenever needed. 

Now you can have complete signal 
control of each channel! 

Amplifies! Equalizes! 
and Feeds any number of 

channels to any number of tv sets 
-with a minimum of labor and 
equipment-and at a cost that's 
actually lower than most 
"VHF ONLY" systems! 

For use in homes, as well as in 

the largest apartment buildings, 
hotels & motels, hospitals, etc. 

Sensational Winegard Ultra-Plex is the best thing to ever 
happen to MATV system installers. Because Ultra-Plex 
gives the installer unprecedented flexibility regardless of 
system size. Because Ultra-Plex covers the full range of 
UHF, VHF and FM frequencies. 

And because Ultra-Plex is super compact...installs 
easier than old fashioned equipment...costs less...and 
operates inexpensively with little or no maintenance. 

Plenty of other reasons, too. Ultra-Plex incorporates your 
choice of either single channel or broad band solid state 
amplifiers that plug into the modular power panel. Ultra- 
Plex is totally designed with all the components needed to 
solve every conceivable distribution system problem. And 
Ultra-Plex equipment is manufactured to the highest com- 
mercial standards of quality-second to none. 

If you are now installing MATV systems, you'll want to 
know more about profitable Winegard Ultra-Plex. Or if 
you've wanted to get into the booming MATV business, but 
thought it too complicated, let us show you exactly how 
easy and profitable it is. Write for Fact Finder #246 today. 
It gives you all the facts on MATV systems in general, and 
Ultra-Plex in particular. 

Winegard 
ANTENNA SYSTEMS 

WINEGARD COMPANY 3000 KIRKWOOD STREET 
BURLINGTON, IOWA 52601 
°Copyright 1967, Winegard Company, Burlington, Iowa 
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See your Sprague Distributor for win- 
dow -size blow-ups of this message. Or, 
send 104 to Sprague Products Co., 105 

Marshall St., North Adams, Mass. 01247 
to cover handling and mailing costs. 

Please ask for poster RP -36. 

Call in your neighborhood TV technician when your set 

first starts acting up ...you'll please the family 

...and SAVE money in the long run! 

THIS MESSAGE WAS PREPARED BY SPRAGUE PRODUCTS COMPANY, 
DISTRIBUTORS' SUPPLY SUBSIDIARY OF SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS FOR ... 

YOUR INDEPENDENT TV-RADIO SERVICE DEALER 

DON'T FORGET TO ASK YOUR CUSTOMERS "WHAT ELSE NEEDS FIXING?" 
Circle 3 on literature card March, 1968, PF REPORTER 3 
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FOLDING PLATFORM 
I51á" x 241'2" top. 
Snaps on or off. 

(Platform only) 
$11.95 

FURNITURE PAD 

SAVES 
your back... 

SAVES 
your time... 

14-47"-e4 

SHORTY 
DOLLY 
for 
RADIO and TV 

just 47 inches high for STATION WAGONS 
and PANEL PICK-UPS 

Designed for TV, radio and appliance 
men who make deliveries by station 
wagon or panel truck ... the short 
47 inch length saves detaching the 
set for loading into tfie "wagon" or 
pick up. Tough, yet featherlight alu- 
minum alloy frame has padded felt 
front, fast (30 second) web strap 
ratchet fastener and two endless rub- 
ber belt step glides. New folding 
platform attachment, at left, saves 
your back handling large TV chassis 
or table models. Call your YEATS 
dealer or write direct today! 

YEATS 

GC'Fltladt» COVER AND PADS 

YEATS semi fitted covers are made 
of tough water repellent fabric with 
adjustable web straps and soft, 
scratchless white flannel liners. All 
shapes and sizes - Write 

." ELECTRONIC SCANNER 

YEATS 
Model No. 5 
Height 47" 

Weight 32 lbs. 

nt 
TV COVER 

APPLIANCE DOLLY SALES COMPANY 

1307 W. Fond du Lac Ave. Milwaukee, Wisconsin 

Circle 4 on literature card 

EIGHT 
INSTRUMENTS IN ONE 

Out -of -Circuit 
Transistor Analyzer 
Dynamic In -Circuit 
Transistor & Radio Tester 
Signal Generator 
Signal Tracer Voltmeter 
Milliammeter 
Battery Tester 
Diode Checker 

Transistor Analyzer Model212 
Factory Wired & Tested - $19.50 

. Easy -to -Assemble Kit - $13.50 
YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 
facilities you need to check the transistors themselves - and the radios or other cir- 
cuits in which they are used - have been ingeniously engineered into the compact, 
6 -inch high case of the Model 212. It's the transistor radio troubleshooter with all the 
features found only in more expensive units. Find defective transistors and circuit 
troubles speedily with a single, streamlined instrument instead of an elaborate 
hook-up. F 

Features: 
Checks all transistor types - high or low 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versal test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (oscillator '-Neck), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor -circuit power - 
supply voltages on 12 -volt scale. No ex- 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter- 
nal leads for in -circuit testing and a 
pair of test leads for measuring voltage 
and current. Comes complete with 
Instruction manual and transistor listing. 
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EMC, 625 Broadway, New York 12, N.Y. 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. PF -4 

NAME 

ADDRESS 

CITY 70NE-STATE__ 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. 1 

Circle 5 on literature card 

RCA Sales Top $3 Billion 
RCA's sales in 1967 exceeded $3 billion for the first 

time in the company's forty-eight year history and profits 
also registered a slight advance to a new record level 
for the sixth successive year, President Robert W. 
Sarnoff announced. 

He told the company's 330,000 shareholders in a 
year-end statement that the sales and profit rises were 
achieved despite general economic uncertainties and 
a month -long strike at nine RCA plants which con- 
tributed to a 21% decline in second quarter earnings. 

Among the highlights of RCA's performance in 1967 
singled out by Mr. Sarnoff were the following: 

-Color television manufacturing and broadcasting 
"continued to make the largest contribution to the 
company's overall progress." Dollar sales of RCA color 
sets were 20% ahead of 1966. RCA strengthened its 
traditional position of leadership in the color industry. 
Its share of the total set market was greater at year's 
end than at the beginning. 

-NBC revenues exceeded the $500 million mark for 
the second successive year, reaching a new sales peak. 

-The Hertz Corporation, which became an RCA 
subsidiary in 1967, registered its highest sales, as did 
the RCA Serfvice Company, RCA Communications, 
Inc., and sales of RCA products and services abroad. 

-RCA continued its capital expenditures at the 
high rate of 1966. For the two years, approximately 
$400 million was spent for domestic plant and equip- 
ment, "representing the greatest investment effort in 
the history of the company." 

Looking to the future, Mr. Sarnoff said RCA will 
intensify its emphasis on the company's development as 
a broadly based and diversified communications, elec- 
tronics, and service organization with an increasingly in- 
ternational orientation. 

Auto Sound Sales 
Exceed $1 Billion 

Automotive sound equipment-radio and tape player 
systems-has passed the billion -dollar mark in world 
wide annual sales and already exceeds the growth rate 
of color television. 

Oscar P. Kusisto, vice president and general manager 
of Motorola's automotive products division, reported 
that automotive sound sales-AM, FM, multiplex radio, 
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We've rectified 
high -voltage rectifiers. 

How it used to be. 

Take a look at our new "Posted filament" design. 
There's no delicately suspended heater -cathode 

system. There's no need to heat up a metal sleeve 
and then an oxide coating. 

It takes less than a second for the 3CU3 to start 
rectifying full swing. 

In case of a break, there's no way for the 3CU3's 
filament to fall against the anode, creating a short 
and knocking out other components in the circuit. 

The 3CU3's filament is always perfectly centered. 
It emits electrons uniformly in every direction. From 
a much larger surface than in the old design. There's 
no suspension post in the way to create an "electron 
shadow" that cuts down the plate current. 

The uniform electric field around the rigid support 
reduces high voltage stresses. Arcing and its result- 
ing troubles are eliminated. 

The 3CU3 is interchangeable with 3A3 and 3A3A 

Our new 3CU3 

high voltage rectifiers. And it's made 
exclusively by Sylvania. 

The 3CU3 is just one of a new 
"posted filament" family which in- 
cludes the new 3BL2 and 3BM2. 
They're designed for use in new color 
TV sets. These tubes are especially 
good for transistorized TV where 
their fast warm-up fits in with the 
` ` instant on" feature of solid state 
circuitry. 

The new construction has higher 
reliability and longer life and should 
give you fewer and less troublesome 
callbacks. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 

From the outside 
you can hardly 
tell it's changed. 

Circle 6 on literature card 
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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 

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 81/4x71/2x121/2". NET 18950 

ONE YEAR WARRANTY O 

New, improved complete color bar generator with all the 
features of the V7 except the Vectorscope. Only 99.50 

For the full story, see your 

4.,,, 
distributor or write for literature. 

Dept. PF 3 

LECTROTECH, INC. 
1221 W. Devon Ave., Chicago, III. 60626 

Circle 7 on literature card 
6 PF REPORTER/March, 1968 

and tape cartridge systems-have increased 25% in the 
past year and could exceed a third of color television's 
dollar volume by the end of 1968. Kusisto made his 
predictions at a press briefing during the annual 
Automobile Accessories Manufacturers of America 
(AAMA) show in Chicago. He based his comments on 
Motorola studies of the original equipment, distributor, 
and retail markets in the U.S. and abroad. 

Kusisto said automotive sound equipment involves 
a total world market this year of 13 million units, at 
least three -fourths of which are sold in the United 
States. His figures exclude cassette and PlayTape play- 
ers. He said this burgeoning market is the result of an 
"audio explosion," which is attributable to the inter- 
action of three major marketing forces: (1) youth, (2) 
affluence, and (3) the availability of a variety of new 
audio equipment. 

"An ever-increasing percentage of population-not 
only in the United States but in other nations as well- 
is under 25 years of age. These young people are an 
audio, verbal, mobile group," he said. 

"Combined with this is our more affluent society and 
the broad range of new audio equipment. A great per- 
centage of the market is `trading up' from simple AM 
radio, for example, to FM and tape players." 

Kusisto said Motorola studies have shown that the 
rate of growth of worldwide sales of automotive sound 
systems will continue to increase substantially for the 
foreseeable future. 

In 1968, he pointed out, retail value of the esti- 
mated 2,750,000 automotive tape units to be sold will 
reach $220 million. He predicted sales of more than 
2,300,000 after -market car radios for $160 million, 
and 8,000,000 radio and tape players will go into new 
cars at an estimated cost of $600 million. 

Further, Kusisto said, automotive tape player sys- 
tems have fostered a new market for other units which 
use the same tape cartridges. The result, he said, is 
that from 1,000,000 to 1,500,000 four- and eight -track 
portable, battery -operated tape players and home tape 
players will add up to $80 million to the market total. 

Beyond that, he said, "will be sales of a wide range of 
related products-speaker, tuners, multiplex, reverb 
units, and other hardware-which easily will amount 
to another $200 million. 

Littelfuse To Sell 

The Board of Directors of Littelfuse has approved 
the definitive agreement for the sale of substantially all 
of its assets of Tracor Inc., of Austin, Texas. The trans- 
action had been approved in principle on November 30, 
1967. 

The Agreement will now be submitted for approval 
by the Board of Directors of Tracor. Under the terms 
of the agreement, Littelfuse shareholders will receive 
one share of Tracor convertible preferred stock for 
each two common shares of Littlefuse. 

FTC Renders Opinion 

The Commission was recently requested to render an 
advisory opinion with respect to the legality of a trade 
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EFFECTIVE 11/1/61 

GUARANTEED 

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 replacement? Sarkes Tarzian universal re- 
placements are only $10.45, customized replacements 
$18.25. Universal replacements shipped same day 
order received. On customized, we must have original 
tuner for comparison purposes, also TV make, chassis, 
and model number. Order universal replacement by 
part number. Send orders for universal and customized 
replacement tuners to Indianapolis. 

Intermediate AF Amp Osc. Mixer 
Part # Frequency Tube Tube Heater 

MFT-1 

M FT -2 

M FT -3 

41.25 me Sound 
45.75 me Video 

41.25 me Sound 
45.75 me Video 

41.25 me Sound 
2GK5 

45.75 me Video 

6GK5 6L18 

3GK5 51.18 

5CG8 

Parallel 6.3V 

Series 450 MA 

Series 600 MA 

Genuine Sarkes Tarzian universal replacement tuners with 
Memory Fine Tuning-UHF Plug in for 82 -channel sets- 
Pre-set fine tuning -13 -position detent-Hi gain-Lo noise 
-Universal mounting 

FOR FASTEST SERVICE, SEND FAULTY TUNER WITH TV MAKE, CHASSIS, 

AND MODEL NUMBER, TO TUNER SERVICE CENTER NEAREST YOU 

TUNER SERVICE CORPORATION FACTORY -SUPERVISED TUNER SERVICE 

MIDWEST 817 N. PENNSYLVANIA ST., Indianapolis, Indiana TEL: 317-632-3493 
(Home Office) 

EAST 547-49 TONNELE AVE., Jersey City, New Jersey TEL: 201-792-3730 
(Under New Management) 

SOUTH-EAST 938 GORDON ST., S. W., Atlanta, Georgia TEL: 404-758-2232 
WEST SARKES TARZIAN, Inc. TUNER SERVICE DIVISION 

10654 MAGNOLIA BLVD., North Hollywood, California TEL: 213-769-2720 

Circle 8 on literature card 
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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 2N H X W x 4% D in., and 

weight 3.3 lbs approx. 

LEADER ELECTRONICS CORP. 
NEW YORK OFFICE 
101-103 ROME ST., FARMINGDALE,L.I.. N.Y. 1 1735 

TEL (516) 694-1534 541-5373 

association preparing and distributing a standard rate 
and service pricing manual for common use by elec- 
tronics servicemen in dealing with the general public. 

It was represented that a major problem in the in- 
dustry is the lack of guides by which the public can 
determine whether prices charged for various repair 
services are fair and equitable. This lack has led to 
many customers complaints and to fradulent operations 
by unethical repairmen. The association took the posi- 
tion that a standard rate schedule would protect the 
public and free ethical servicemen from unjust accusa- 
tions. 

The Commission advised that it could not give its ap- 
proval to the proposed common use of a standard rate 
and service pricing manual by competing electronics 
servicemen. While the . adoption and dissemination by 
the association of such a manual may be motivated by 
a purpose to remove evils affecting the industry, it ap- 
pears to go further than is reasonably necessary to 
accomplish the desired result. Even though use of such 
manual be accompanied by disclaimers, there is implic- 
it therein too grave a danger that it will serve as a 
device through which service rates and fees would be- 
come uniform and stable throughout the industry. 
While adoption of a means likely to create competitive 
uniformity in terms of service pricing may be a con- 
venience to trade association members, this factor is far 
outweighed by the benefits to the public of the intense 
competition between competing servicemen, and it is 

this competition which the law protects. Editor's note: 
The above is a copy of a recent news release from the 
Federal Trade Commission. In essence it says that the 
FTC holds the opinion that a trade association cannot 
legally issue a pricing guide. 

Mighty Microscope 

In the photo above, the arrow points to a single atom 
of tungsten. The new microscope, called the atom - 
probe, field -ion microscope, is currently being developed 
by Professor Erwin Mueller at the Pennsylvania State 
University. 

This new microscope can not only focus on a single 
atom, but also separates it from thousands of surround- 
ing atoms and then identifies it in a spectrometer. The 
above photo represents a magnification of approximately 
2.1 million times. A 
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Optional, h dealer 

RCA's Headliner: first and finest of the 14 -inch portable colorTVs,. 
First because it's pulled the most sales of any 14 -inch diagonal color set made. Finest because it's 

got the big features. Like advanced circuitry that won't go haywire. Like true room -to -room portability. 
And a 102 sq. in. picture that's true to life-and true to the reputation of the pioneer name it 

bears Sell the first and finest, the Headliner. It's one reason we say: When you're 
the first name in home entertainment there's got to be a reason. 
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COMPLETE OVERHAUL 

ON ALL MAKES 

OF TV TUNERS 
Maximum Time In Shop 24 Hrs. 

(WE SHIP C.O.D.) 

$ .50 

Black & 

White r, 

or Color 

VHF 
UH 

UV Combo's ß`t5.00 

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 

s Tubes, Tube Shields, Tuner Cover 
and all parts (including) any broken 
parts. State chassis, model n 
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 assure t turd 
operating properly. 

GEM CITY TUNER 

REPAIR SERVICE 
Box 6C Dabel Station 

2631 Mardon Drive 

Dayton, Ohio 45420 

BOOK 
REVIEW 

Lasers and Masers: Charles A. 
Pike; Howard W. Sams and Co., 
Inc., Indianapolis, Indiana, 1967; 
176 pages, 81/2 " x 51/2", soft 
cover; $4.95. 

Although an understanding of 
the laser (Light Amplification by 
Stimulated Emission of Radia- 
tion) and maser (Microwave, 
etc.) is hardly essential to the TV 
technician, many will enjoy hav- 
ing some knowledge of this sub- 
ject. Physics is introduced only to 
the extent necessary for explain- 
ing the subject at hand, and the 
treatment of the material in this 
book is remarkably concise for so 
complex a subject. The author 
has employed the style of pro- 
grammed instruction. That is, 

each subtopic is treated in a 

page or two, and a few pertinent 
questions are asked at the end of 
the page. The answers are at the 
top of the next page, allowing the 
reader to check himself before 
proceeding. 

The text is divided into seven 
chapters as follows: Chapter 1 is 
introductory and covers atoms 
and molecules, the elements, 
chemical combinations and val- 
ence bonds, wave motion, and 
some of the basic principles of 
light. Chapter 2 is a short (10 
pages) resume of early develop- 
ments in atomic theory, and 
Chapter 3 proceeds to quantum 
theory, quantum numbers, and 
the dual nature of the electron. 

The principles of masers and 
lasers are explored in Chapter 4. 
This chapter is divided into sec- 
tions, such as population of ener- 
gy levels, maser and laser action, 
and application of these principles 
to specific materials: gas, solid- 
state, and semiconductor. Chap- 
ters 5 and 6 explain the actual 
construction and operating char- 
acteristics of masers and lasers, 
respectively. The final Chapter 
discusses applications of both 
lasers and masers. 

impedance 

mismatch 

proBlems? 

When most voice 
coil impedances 
were either 3.2 
ohms or 8 ohms, 
speaker replace- 
ment was relative- 
ly simple. Then 
came transistor 
sets, and equip- 

ment without output transformers, and 
now voice coil impedances range all over 
the map. 

It's important to remember that a mis- 
matched impedance in a speaker replace- 
ment will almost surely create problems .. . 
from a loss of volume to a blown transistor. 

Guam... 

and only Quam... 

neins You avoìd 

mese ProBlems 

mese three ways: 

1. WIDE CHOICE-As Photofacts/ 
Counterfacts participants, we know in 
advance what voice coil impedance the 
new equipment will require, so we generally 
have the right speaker in our comprehen- 
sive line when you need it. 

2. VERSATILE SPEAKERS-Quam 
mu/ti-tap speakers offer a choice of imped- 
ances in a single unit. Available in all the 
sizes you need for automotive replacement, 
Quam multi -taps handle 10, 20, or 40 ohm 
applications. 

3. SPECIAL SERVICE-Just in case 
you run across an oddball, we offer this 
convenient exclusive: any Quam speaker 
can be supplied with any voice coil imped- 
ance, only $1.00 extra, list price. 

HAM 
THE QUALITY LINE 

FOR EVERY SPEAKER NEED 

QUAM-NICHOLS COMPANY 
234 East Marquette Road Chicago, Illinois 60637 
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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. 

UsT THINK how much in demand you would 
Ube 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-PROGRAMMEDTM 
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 -45 Cleveland, Ohio 44114 

r 
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 

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

PF-45 J 

(Please Print) 

1 
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Industry Demanded - only Sencore delivered 

AN ALL NEW IMPROVED COLOR CRT TEST 

02 SCREEN VOLTAGE 
Ei SW 
RED GREEN 

2JD ?00 

300 
S 

5V 25 
COLOR TRACKING 

LO 00105 CAL 
4 GUN 1A0- 
04(01IM4Sf'ON PUSH 

.3© 

325V 325V 
COLOR GUN 

GRN 86 W 4 SLU 
REO ;u 

EMISSION 
r 

'CUT OFF 
COL 

SENCONEINC. 

CAL 

VO 

LINE ADJ 

ADDI SON. ILL. 

St_ NCOR 

(tieiUNCTION 
EMISSION 4EMUVE SNCiRYG`s 

HORTS. REU. 

LINE AO,I 

t TEST °" 
c.. 

CATHODE RAY Ti,,í-F 

Simple - Fast - Accurate . Automatic Color Tracking! 

No Time -Wasting Logging and Computing! 

CRT manufacturers, set manufacturers, distributors, technicians - all 
demanded a better CRT tester than any available. This is it - the 
new Sencore CHAMPION -a winner on every count. 

Separate G2 screen grid controls, just like the color circuit itself, 
enable you to set up each color gun, then automatically compare it 
with the others for tracking - exactly according to industry standards. 
This check is important when claiming credit for a defective color CRT. 
No time consuming logging of each color gun reading at every setting 
of the G2 control like competitive models. It's automatic with the 
CR143 Champion. 

The CHAMPION also makes all the standard color and black and white 
CRT tests - shorts, emission, and life tests. Its Line Adjust control 
assures exceptional accuracy. Its exclusive three step Automatic 
Rejuvenation Circuit lets you save many a faulty black and white 
tube or equalize gun currents in color tubes. 

The all -new CHAMPION is equipped with plug-in sockets for fast test- 
ing and easy updating. Rugged vinyl -clad steel case has spacious 
lead compartment. 

For a sure thing, put your money on the champion - the Sencore 
CR143 CHAMPION. 

d. E3iNC0=% 

CR143 
CHAMPION 

$9950 
NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUT.1 WESTGATE DRIVE. ADDISON. ILLINOIS 60101 
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The 1968 service business is quite 
different from that of even two years 
ago, and customers are changing 
just as radically as the sets they 
bring in for service. Though there 
are still many customers who shop 
around for the cheapest service, 
more and more of your customers 
are discovering that the cheapest re- 
pair is not necessarily, and in fact is 

seldom, the best repair. So the 1968 
customers are willing to pay realistic 
prices for your service. But they do 
demand value received for payment 
rendered-a fast repair, and most 
important, an accurate repair. Good 
test equipment can help you effect 
a quick, accurate repair. 

There are some instruments on 
the market today which are consid- 
ered essential to a well-equipped 
shop, yet had not even been invent- 
ed a few years back. An FM Stereo 
generator is a good example. Other 
instruments on the market today are 

IS YOUR 

TEST 

EQUIPMENT 

UP TO 

'68 STANDARDS? 
by T. T. Jones 

Nearly all test equipment has changed during 

the past few years; some have changed drastical- 

ly, while others reflect only minor alterations. Also, 

a few types are gradually disappearing from the 

list of available equipment. The following para- 

graphs relate the most significant changes evident 
in service -type test instruments. 

not especially new in concept, but 
the features available today make it 
mandatory that you compare your 
present equipment with the new 
models. Perhaps some of the new 
features are valuable enough that 
you will wish to buy the new instru- 
ment, even though your old one is 

operating perfectly. Let's take a 
closer look at the features available 
in 1968 test equipment. 

Meters 

An entirely new breed of meter 
has recently taken its place along- 
side the VTVM and VOM. We're 
talking of course, of the solid-state 
voltohmmeter. Nearly all of these 
use a field-effect transistor in the in- 
put stage, with a resulting input im- 
pedance quite similar to that of a 
VTVM. FET meters, therefore, can 
replace the VTVM in most applica- 
tions, with the added advantage that 

they're normally battery -operated. 
For the most part, FET meters 

have been designed to cover the 
same ranges as the contemporary 
VTVM. Fig. 1 shows the ranges of 
an FET Voltohmmeter that is atyp- 
ical, in that the designer has add- 
ed two very low AC -DC voltage 
ranges and two extremely low AC 
ranges. This instrument, therefore, 
is much more sensitive to DC than 
the usual meters of a few years 
back, and its AC scales are as good 
as yesterday's AC VTVM-former- 
ly a specialized instrument. 

The AC input impedance of most 
FET VM's is as good as the DC im- 
pedance. Usually both are about 10 
to 11 megohms, but some instru- 
ments have DC inputs as high as 15 

megohms, while others have AC in- 
puts as low as l megohm. In gen- 
eral, the FET meters are a decided 
improvement over VTVM's or 
VOM's in one area, while possibly 
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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 CA122B 
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 

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

NCOF=1 NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

026 SOUTH WESTGATE DRIVE. ADDISON. ILLINOIS 60101 
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FIX THAT 
SCOPE 

YOURSELF 
Any technician who is proficient at servicing b -w 

and color television should be capable of repair- 
ing the scope he uses. The only additional knowl- 
edge needed is a basic understanding of scope 

circuits and a systematic troubleshooting pro- 
cedure. Both are provided in this article. 

by Ellsworth Ladyman 

In many of the letters received by 
the editor from technicians seeking 
aid in solving a stubborn problem 
with a television chassis, the writer 
mentions that his scope is defective. 
Usually the existing problem can 
only be solved through a waveform 
analysis, or signal -tracing process, 
that requires the use of a scope. The 
only possible answer to letters of 
this nature is: first fix your scope- 
then your knotty TV problem will 

VERT IN 
o 

HORIZ IN 
0 

VERT AMP 

diminish in stature. In all electronic 
devices that depend on voltage pulses 
for timing and sync to insure proper 
operation, a scope is an indispen- 
sable tool when service is required. 

There is nothing intimidating 
about the circuitry of the average 
service scope. Circuits employed in 
laboratory and medical instruments 
are more sophisticated, but even 
these should present very few prob- 
lems to a technician experienced in 

troubleshooting such complex in- 
struments as color television re- 
ceivers. 

Scope Theory 

Scope circuits in general can be 
compared to a television receiver, 
but without such circuits as video, 
audio, and chroma stages. An anal- 
ysis of the circuits employed in your 
particular scope should reveal a 

HORIZ AMP 

CRT 

VERT 

HORIZ 

SWEEP OSC 
LOW VOLTAGE 

SUPPLY 

TO 2ND ANODE 

TO 1ST ANODE 

HIGH VOLTAGE 

SUPPLY 

Fig. 1. Basic block diagram of a scope. 
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comparatively basic instrument com- 
posed of familiar electronic circuits. 
A comparison of basic block dia- 
grams of a scope and a black -and - 
white receiver should remove all 
doubts you might have concerning 
your ability to effectively repair your 
own scope (Figs. 1 and 2) . 

A quick glance at the block dia- 
grams should point up the fact that 
there are similarities in the design 
of the two instruments, and that the 
TV receiver is much more complex. 
Troubleshooting procedures are 
much the same for a scope as for 
other electronic devices. The first 
step is a careful analysis of the trou- 
ble symptom (to prevent the possi- 
bility of lost time checking properly 
functioning circuits) followed by a 
point-to-point check of the suspect 

TUNER (FRONT END) 

area. A brief description of oscillo- 
scope theory, followed by typical 
scope circuit diagrams may help in 
relating this information to your par- 
ticular scope. As is the case with 
radio and television manufacturers, 
test equipment manufacturers can 
find many different methods of do- 
ing the same job, and this fact pre- 
cludes the use of specific scope 
circuits for illustration purposes. 

What Is A Scope? 

In a final analysis a scope is sim- 
ply an electronic graph, which plots 
variations in voltage amplitude 
against time. This electronic graph 
indicates two (and sometimes more) 
separate and distinct values (ampli- 
tude and time) simultaneously, thus 
allowing the operator to view 

SOUND IF 

changes in voltage amplitude at any 
given or specific instant. The impor- 
tance of this tool is incalcuable. 
Without a scope, it is virtually im- 
possible to check the operation of a 
stage (such as an AGC amp) that 
depends on two simultaneous voltage 
pulses for proper operation. 
Theory of Operation 

Any functional scope found in an 
electronic repair shop will contain: 

1. Input circuits. 
2. Vertical amplifier and control 

circuits. 
3. Horizontal amplifier and con- 

trol circuits. 
4. Horizontal sweep oscillator 

(to establish a time base) . 

5. Indicating circuits (CRT and 
associated circuitry to control 
brightness, focus, etc.) . 

SOUND DET 

VIDEO IF 

AGC 

VIDEO DET 

AUDIO OUTPUT 

VIDEO AMP 

SYNC SEP 

VERT OSC 

HORIZ OSC 

& CONTROL 

VERT OUTPUT -0-VERT YOKE 

HORIZ AMP 

HORIZ YOKE 

HIGH VOLTAGE 

RECT 

SPKR 

TO CRT 

TO CRT 
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VERTICAL INPUT ATTENUATOR & COMPENSATOR 

..7 \., 
V10 V100 V10 V100 

VI O O V1000 VI O O V1000 
Q O Q O 

INPUT L 

COUPLING 

I 
VERTICAL 

AMP 

- 
'0 OOOb 

lBIAS 

\ 

BYPASS 

SYNC TO 

HORIZ SWEEP 

OSCILLATOR = 

PEAKING 

COUPLING 

a - RF 

á CHOKE 

VOLTAGE 

DIVIDER 

4 
B+ 

VERTICAL 

OUTPUT 

Fig. 3. Typical simplified vertical amplifier circuit. 

6. Low -and high -voltage power 
supplies (many times com- 
bined in one section ) . 

The vertical amplifier, or the out- 
put of the vertical section, is con- 
nected directly to the vertical 
deflection plates (Fig. 3 ) . It makes 
very little difference, from a servicing 
standpoint, whether there is one or a 
half -dozen vertical amplifier stages 
before the CRT. In the initial anal- 
ysis, if you do not have vertical gain, 
you do have trouble in the vertical 
circuit. The only reason for employ- 
ing vertical amplifiers in the design 
of a scope is increased sensitivity. 
In fact, in most scopes you can 
apply the input directly to the verti- 
cal deflection plates of the CRT. If 
the signal is of sufficient magnitude, 
vertical amplification is not neces- 
sary. Most ignition analyzer scopes 
used by automobile mechanics dd 
not have vertical amplifier stages, 
since the voltage spikes or pulses 
from the plugs and coils of modern 
high -compression engines are of suf- 
ficient magnitude to drive the vertical 
plates. 

Vertical amplifier stages are usual- 
ly operated Class A to insure the 
most faithful reproduction possible 
of the voltage signal under analysis. 
A careful check of the simplified, 
partial schematic of a typical vertical 
section will not introduce any new 
terms. The bias networks, decou- 
pling capacitors, coupling capacitors, 
peaking coils, plate loads, voltage 

dividers, and other circuits will all 
be found in the most simple of elec- 
tronic devices. 

The sawtooth voltage applied to 
the horizontal deflection plates of the 
CRT is usually derived from a hori- 
zontal sweep oscillator stage, such 
as shown in Fig. 4. This voltage 
provides a linear time base. The 
sweep oscillator is variable in fre- 

SYNC INPUT 
FROMVERTICAL 

A 

PLATE 

LOAD 

61,1 

VERT 
GAIN 

BYPASS 

LOAD 

B+ 

TO 

VERTICAL 

OUTPUT DEFLECTION 

COUPLING PLATES 

quency so that you can adjust the 
sweep to display the desired number 
of cycles on the CRT screen. The 
terminology applied to these controls 
will vary from scope to scope. Names 
such as horizontal sensitivity, hori- 
zontal amp, horizontal frequency, 
microseconds -per -centimeter, etc. 
will be found. Regardless of the 
name, the function remains the 

Please turn to page 41 
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Fig. 4. Typical sweep oscillator circuit. 
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Once upon a time, a farm boy 
unharnessed the team, greased the 
plow share, and went to town. He 
rented a room, bought a multimeter, 
seven vacuum tubes (one 12SA7, 
one 12SK7, one 12SQ7, and a 
pair of 50L6's and 35Z5's), a tube 
tester, and a board. On the board, 
he painted "Clyde's Radio Repair." 
Some months later, our hero added 
a 5Y3 and a pair of 6V6's to his 
inventory and repainted the board. 
"Clyde's Radio and Phonograph 
Service" was the most successful 
(and only) complete shop within a 
twenty -mile radius. During the "Big 
War," Clyde made a wad of money 
which he invested in Electric Canoe 
common, and, when TV hit the 
market, he hung up his soldering 
iron so he could devote all of his 
time to managing his finances and 
fishing. 

Today, breaking into the stereo 
and hi-fi business requires a lot 
more effort than it did in Clyde's 
time. The evolution of the five -tube 
superhet into the modern color TV 
is perhaps more spectacular, but of 
no greater magnitude, than the evo- 
lution that has taken place in the 
sound reproduction field. To service 
stereo receivers, tape decks, record 
changers, and amplifiers, you need 
highly specialized test equipment 
plus a thorough knowledge of mod- 
ern sound equipment. 

At this point, we can almost hear 
what is running through many shop - 
owners' minds-"This guy must be 
some kind of a nut. People have 
been dragging their record players 
and FM radios into my shop for 
years and I fix them, no sweat. Now 

FOR SERVICING 

STEREO 
by Carl F. Moeller 

While a VTVM, scope, and signal generator 
will permit you to solve most defects in stereo 
equipment, proper servicing demands a few test 
instruments designed specifically for audio and 
FM applications. The following article discusses 
both common and specialized test instruments. 

he wants me to buy a bunch of 
exotic test gear that I'll never use. 
Besides, a customer squawks like 
mad over a $12.00 repair bill; after 
all, his radio cost only $39.95, 
brand new." 

These low-priced radios and 
phonographs are always going to be 
a nuisance to the service industry, 
but there is a brighter side. During 
1967, about 1,600,000 console 
phonographs were sold in this coun- 
try. This is 200,000 less than in 
1966, but the fact remains that in 
the past two years alone, almost 3.4 
million phonographs, ranging in 
price from $150 to $2000, were de- 
livered to their owners. In addition 
to these, a sizable number of stereo 
component systems were sold. All in 
all, there is a large, growing market 
for service in the stereo field. 

Since the purchase of a high -qual- 
ity radio/phonograph represents a 
considerable outlay of money by the 
owner, two things are apparent: (1) 
a legitimate repair bill (say, $30 to 
$50) is a relatively small percentage 
of the cost of the equipment, and 
(2) the owner who can afford a 
$500 stereo is probably able to pay 
for good service. 

On the other hand, a person who 
has invested several hundred dollars 
in stereo equipment expects good 
performance. Just getting sound to 
come out of the speakers does not 
complete the servicing procedure on 
quality stereo equipment. Before the 
job is completed, you must be cer- 
tain that the original specifications 
concerning frequency response, sen- 
sitivity, distortion, hum, power out- 
put, wow and flutter, and separation 

have been restored. To meet these 
requirements, some rather special- 
ized test equipment is necessary. 

General Electronic 
Test Equipment 

Before enumerating the instru- 
ments which have very specialized 
functions, let's review the ways in 
which you can service stereo with 
the equipment you already have- 
or should have. These are the scope, 
VTVM, VOM, transistor tester, 
capacitor tester, and tube tester. 

Since the highest modulating fre- 
quency you will encounter in a 
stereo system is the SCA carrier at 
67 kHz, there is no particular rea- 
son for the scope you use on the 
stereo bench to have a wide -band 
vertical amplifier. On the other 
hand, the vertical amplifier must 
have good low -frequency response, 
and a DC vertical input is very con- 
venient. A high -impedance vertical 
input and a stable time base are 
also important. Since there are no 
sync pulses in a stereo, the scope 
has to "lock on" to sine waves, 
which is difficult. 

Nearly all modern stereo equip- 
ment is transistorized. Therefore, 
you ,will require a VTVM with a 
low -voltage scale (no higher than 
1 volt, full scale, and preferably 
lower). Since you will want to mea- 
sure signal voltages, your VTVM 
must have flat frequency response 
up to 20 kHz. The same require- 
ment applies to your VOM. It is 
also desirable that these meters have 
dB scales and built-in blocking ca- 
pacitors to allow measurement of 
signals which are "riding" on a DC 
level. Since solid-state power ampli - 
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First twist -prong electrolytic 
to identify itself. 
Add up the time you've lost waiting for countermen to look up part 
numbers for twist -prong electrolytic capacitors. 
That's how much time you'll save-when your Distributor stocks new 
RCA "P" type and "R" type twist -prong electrolytics. The reason: 
new RCA twist -prong capacitors have self -identifying stock numbers 
... the first in the industry. Your counterman can forget his catalogs 
and go right to the shelf ... because RCA stock numbers enable 
him to stock his inventory in voltage rating and capacitance value 
sequence. His shelves are his RCA catalog. 
These twist -prong electrolytics are the beginning of a complete 
capacitor line from RCA. 

Other General Purpose Electronic Parts, with RCA quality assurance, 
will be available from your RCA Distributor in the near future. Insist 
on RCA parts. Your customers will appreciate it. 

RCA PARTS AND ACCESSORIES, Deptford, N.J. 

Type: R = Regular Solder Terminals 
P = Printed Circuit Board Terminals 

I Number of Sections in Can 
' W.V.D.C. 
i' Capacitor Can Size 'I Location I Capacitance Code for Shelf o 

I 

11111 

I I 
11111 
11111 
I 

I I 
I I 

11111 
1' 1' 1 

u -I- - 
P 1300G059 RC,' 
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fiers often have resistors with values 
of one ohm or less, one of your 
meters should have a low ohms 
scale. 

The transistor tester you are 
using now is probably adequate for 
servicing stereo. However, since the 
output transistors of power ampli- 
fiers are paired, replacement transis- 
tors should be checked for matching 
characteristics. This will minimize 
amplifier distortion, but a fairly ac- 
curate transistor tester is required. 

A capacitor tester is more neces- 
sary for servicing audio amplifiers 
than it is for servicing RF and video 
amplifiers. While the latter rarely 
operate with a bandwidth of more 
than 5 octaves, a high -quality stereo 
amplifier must pass almost 9 oc- 
taves. For this reason, audio cou- 
pling circuits are critical in design, 
and a small loss in capacity of a 
coupling capacitor can seriously af- 
fect the frequency response of the 
amplifier. Leaky capacitors may be 
located by numerous methods, but 
it is quite difficult to locate a below - 
tolerance capacitor without a ca- 
pacitor tester. 

Vacuum -tube stereo equipment is 
becoming so passe that there is little 
need for a tube tester on the stereo 
bench. For the occasional tube -type 
sets that are still around, nearly any 
tube tester will suffice. However, it 
should have a sensitive grid -emission 
test. 

Turntables 
Four pieces of test equipment are 

essential for servicing turntables. 
The one you should use most often 
is the simple strobe disc. Since many 
of the problems you encounter will 
involve speed variations or incorrect 
speed, every turntable that goes out 
of your shop should be checked 
with a strobe. Next comes the test 
record. This is a recording of pure 
tones at specified levels, making it 
useful for several purposes. Using 
it in conjunction with a scope (the 
third essential instrument) con- 
nected to the cartridge output, you 
can check the cartridge for frequen- 
cy response, output level, and, 
roughly, for distortion. (A distortion 
meter connected to the cartridge via 
a linear amplifier gives a better 
check of distortion, of course.) 

The last essential instrument is 
a stylus scale or pressure gauge. To- 
day's cartridges perform best at 
their specified stylus tracking force. 

More important, stylus and record 
wear is directly proportional to 
tracking force. If a cartridge and its 
stylus are designed for 1 gram of 
pressure against the record, 4 grams 
of pressure will quadruple the wear. 
Damage a couple of record albums 
for a customer, and you'll be con- 
vinced that you need this instrument. 

A microscope is not essential, but 
it is an excellent tool for boosting 
your stylus sales. The profit margin 
on styli is very attractive, so it is 
just good business to invest a few 
dollars to help you sell them. A 
30X to 60X microscope will let 
you show the customer that his pres- 
ent stylus is worn. When you ex- 
plain how a worn stylus can ruin 
a record in a single playing, you 
are almost certain to make a sale. 
Sell a stylus a day, and your light 
bill is paid. Incidentally, even a dia- 
mond stylus finally wears out. 

Tape Transports 
About the only test device you 

require specifically for tape decks 
is a test tape. This has standard re- 
corded tones for head alignment 
and also may be used for checking 
the frequency response and distor- 
tion of a complete tape recorder. 
Strobe tapes are also available for 
checking tape speed. A strobe tape 
has alternate black -and -white trans- 
verse stripes and is used in the same 
manner as a strobe disc is used for 
turntables. 

Although they are not items of 
test equipment, several other items 
are necessary for tape -deck mainte- 
nance. Tape -care kits are available 
from several manufacturers. These 
contain solvent, brushes, etc., and 
they may be sold as well as used 
in the shop. Another handy item 
is a lubricating tape. Running a lube 
tape through the tape deck lubri- 
cates the heads and guides. This is 
another item which you can also 
sell. Finally you will need a tape - 
head demagnetizer to degauss the 
tape heads before you return the 
deck to your customer. 

Audio Amplifiers 
Getting a signal through a dead 

amplifier is not particularly difficult 
for a qualified technician. Assuming 
that the power supply is functioning, 
it is a simple matter to find the 
faulty stage by injecting a signal at 
the input of each stage, starting at 
the output. Simple, that is, if you 
have a signal generator. Any audio 

generator may be used, but one of 
the pen -sized, transistorized harmon- 
ic generators is by far the most con- 
venient. This little gadget is one of 
the greatest time-savers since sliced 
bread, so if you don't already have 
one, get one. 

For checking frequency response 
and distortion, an audio signal gen- 
erator is necessary. It should cover 
the entire audible frequency range 
(at least from 30 Hz to 15 kHz) and 
have a distortion content of no more 
than 1%. It is desirable that the 
generator have a built-in output 
meter, although this increases the 
cost. Naturally, any meter having a 
suitable range and flat frequency 
response may be used to monitor the 
generator output. Some audio gen- 
erators are equipped with a cali- 
brated output attenuator; others are 
not. Separate variable and step atten- 
uators are available. For that matter, 
fixed attenuators are easily con- 
structed from ordinary resistors. 

A haromonic-distortion meter is 
essentially an audio output meter 
(VTVM) with a variable -frequency 
high -Q trap in its input circuit. To 
measure harmonic distortion, a pure 
sine wave is fed into the amplifier 
under test. The analyzer is connected 
to the output, and the trap is tuned 
to the frequency of the input signal. 
If there is no distortion, the trap 
completely rejects all of the signal 
and the meter reads zero. Naturally, 
if the amplifier under test generates 
any harmonics or spurious frequen- 
cies such as hum or noise, these pass 
through the trap to the meter. 

Most harmonic -distortion meters 
also may be used as AC VTVM's. 
Depending on the particular make 
and model, the VTVM may have 
full-scale ranges from .01 volt to 
300 volts. Thus, it may be used for 
noise and output measurements. 

For reasons which are beyond the 
scope of this article, the intermod- 
ulation-distortion characteristics of 
an amplifier are of greater impor- 
tance than the harmonic -distortion 
characteristics. However, equipment 
for measuring intermodulation (IM) 
distortion was not available at a 
moderate price until fairly recently. 
This equipment is now available 
separately or as part of a packaged 
stereo test set designed for the com- 
plete servicing of stereo receivers 
and amplifiers. 

The usual method of measuring 
IM distortion is to feed two signals of 
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POST -MARKER 

GENERATOR 

only $99.95 

the most important instrument you can own for Color TV 
and FM alignment now costs a lot Iess...the Heathkit IG -14 

15 crystal -controlled marker frequencies. Switch -select picture and sound IF frequencies, color 
bandpass and trap frequencies, 6 dB points, plus FM IF center frequency and 100 kHz points Use 
up to six markers simultaneously for faster TV alignment Birdie -type markers Trace and Marker 
amplifiers and size controls 400 Hz modulator Variable bias supply All solid-state, 22 tran- 
sistors, 4 diodes Circuit boards 

Fast, Accurate Color Alignment. Speed and accuracy are important in today's service work .. . 

important to your customers, important to your profits. Speed and accuracy are what the new 
Heathkit IG -14 gives you-... plus features usually costing five to ten times as much. 
Just Push A Button. That's all it takes to set a frequency ... no dial to twiddle, no searching, 
no resetting problems. Fifteen switch selected crystal -controlled markers. Nothing could be 
easier or more accurate. The IG -14 has input and output connections so that it can be used 
with any sweep generator and scope. Also an external marker input. BNC connectors are used 
throughout. 
No Trace Distortion. One of the big values to using a post marker generator like the IG -14 is 
that markers are injected after the sweep signal passes through the set being tested, thereby 
eliminating the `scope trace distortion usually found when injection or absorption type marker 
generators are used. 
Crystal -Controlled Markers For Any TV Alignment Task. Four marker frequencies are provided 
for setting color bandpass, one marker for TV sound, eight at the IF frequencies between 39.75 
and 47.25 MHz, and markers for channel 4 and channel 10 picture and sound carriers for check- 
ing tuner RF response. With the ability to use up to six markers at once, such as picture and color 
carriers at 6 dB points, corner marker and trap frequencies, alignment is fast and precise. Trap 
alignment is just a matter of selecting the appropriate trap frequency, applying the 400 Hz modu- 
lation, and tuning the trap for minimum audio on a scope or meter. 
Easy FM IF and Discriminator Alignment. The IG -14 provides visible markers at the 10.7 MHz 
center frequency plus 100 kHz markers on each side ... visible because they are applied to the 
trace after detection and so are not attenuated by the discriminator. Use of harmonics, fully 
explained in the manual, provide tracking markers as well. 
Trace and Marker Amplitude Controls ... on the front panel permit using a regular service type 
'scope instead of a wide -band, ultra -sensitive model ... and stage by stage alignment is easier. 
Variable Bias Supply ... 0 to 15 VDC 10 milliamps is isolated from chassis so you can use 
positive or negative bias. 
New Look ... Circuit Board Construction. Handsome low profile, "stackable" cabinets in the 
new look of Heath instruments ... finished in beige and black. Easy -to -build layout with two 
circuit boards. 
Save Hundreds of Dollars. Until now, an instrument with these features cost much more. Order 
the IG -14 now ... it's the best investment in alignment facilities you can make. 
Kit IG -14, 8 lbs., no money dn., $10 mo. $99.95 
IG -14 SPECIFICATIONS-Crystal Marker Frequencies: 3.08, 3.58, 4.08, 4.5, and 10.7 MHz @ .01%; 39.750, 
41.250, 42.170, 42.500, 42.750, 45.000, 45.750, 47.250, 67.250, and 193.250 MHz @ .005%. FM Bandwidth 
Marker: 100 kHz. Modulation: 400 Hz. Input Impedance: External sweep, 75 ohm; External marker, 75 ohm; 
Demodulation input, 220K ohm. Output Impedance: RF output, 75 ohm; Scope output, 22K ohm. Bias Output 
Voltage: Variable from 0 to 15 VDC @ 10 MA. Isolated from chassis for either negative or positive bias. 
Type of Marker: "Birdie." Controls: Bias voltage with AC on/off; Trace size; Marker amplitude; RF output; 
Modulation on/off; Markers, individual switches for each frequency. Semiconductors: Transistors: (16) 2N3692; 
(6) 2N3395; (3) Silicon diodes; (1) Zener diode, 13.6-V. Power requirements: 105-125 volts, 50/60 Hz AC 
@ 7.5 watts. Net weight: 8 lbs. 

HEATHKIT 1968 
r r. ..`, 

FREE 1968 
CATALOG ! 

Now with more kits, more color, 
Fully describes these along with 
over 300 kits for stereo/hi-fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. 

SIX MARKERS SIMULTANEOUSLY. The scope trace 
above shows how six markers can appear at the same 
time. Note the trap markers, 6 dB points, and picture and 

sound carriers ... all on one trace with the IG -14. 
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EASY TO BUILD. Note how everything except the front 
panel switches and controls mount on two circuit boards 
... even the crystals. 

HEATH COMPANY, Dept. 25-3 = 
Benton Harbor, Michigan 49022 

D Enclosed is $ plus shipping costs. 

Please send Heathkit IG -I4 Post Marker Generator(s). 
(quantity) 

Please send FREE Heathkit Catalog. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. 
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different frequencies into the ampli- 
fier under test and then measure any 
intermodulation products which are 
developed in the amplifier. Using the 
SMPTE methods of measurement, 
a signal between 40 Hz and 100 Hz 
(F1) and a second signal between 
1 kHz and 12 kHz (F2) with one- 
fourth (-12 dB) of the amplitude 
of the low -frequency signal are fed 
into the amplifier. The output of a 
perfect amplifier would consist of 
F1 and F2, and nothing else. Out- 
puts having frequencies of (F2 - 
F1), (F2 + F1), (2F2 ± F1), 
(F2 ± 2F1), .... (F2 ±5F1) are 
intermodulation products. The IM - 
distortion meter filters out the de- 
sired frequencies with a series of 
filters and measures only the inter - 
modulation products which remain. 

The lack of stereo separation is 

not usually a problem in stereo pow- 
er amplifiers; however, separation 
may be measured by feeding a signal 
into one channel and comparing the 
outputs of the two channels. This 
requires a signal generator and an 
output meter, the same instruments 
required for measuring frequency 
response. 

Many audio servicemen prefer to 
use a square -wave generator, rather 
than a sine -wave generator, for ob- 
serving the performance of an audio 
amplifier. While quantitative mea- 
surements of distortion and response 
are difficult or impossible using a 
square -wave signal, an experienced 
observer can estimate the perfor- 
mance of an amplifier quite accur- 
ately by observing the appearance of 
its square -wave output. For example, 
if the output square wave has a 
sloping leading edge, the high -fre- 
quency response is poor. If the flat 
top of the waveform sags at the 
trailing end, the low -frequency re- 
sponse is poor. Overshoot and ring- 
ing are indications of peaks in the 
response curve, excessive distortion, 
or instability. 

The square -wave generator and 
scope are also valuable in isolating 
faults to a particular stage. It is dif- 
ficult to inject a signal into an am- 
plifier at any point except the input 
while still maintaining a good imped- 
ance match, and a mismatch at the 
point of injection will, in itself, in- 
troduce distortion. Thus, signal -trac- 
ing techniques, rather than injection 
tracing, are required for finding 
sources of distortion and incorrect 
response. Unfortunately, output met- 

ers and distortion meters usually re- 
quire low -impedance, high-level in- 
puts. However, a scope may be used 
at any point in the circuit, and, by 
using it in conjunction with a square - 
wave generator connected to the 
amplifier input, the faulty stage may 
be quickly isolated. 

Several audio -signal generators on 
the market today will produce either 
square waves or sine waves at the 
flick of a switch. This is especially 
convenient since it makes both wave- 
forms available without changing 
connections. A word of caution: If 
you are operating the amplifier "full 
bore" with a sine -wave input, switch- 
ing to the square -wave input may 
seriously overload the output tran- 
sistors if the peak -to -peak amplitude 
of the input signal remains the same 
or increases. 

Tuners and Decoders 

Since most modern FM stereo 
tuners also contain the multiplex 
decoder, the test equipment required 
for each of these is included under 
one heading. For servicing the tuner, 
two signal generators are necessary. 
One generator must be tunable 
across the FM broadcast band (88 
to 108 MHz) and is used to align 
the RF stages of the tuner. Since the 
RF bandpass of an FM receiver is 
not usually critical, servicing of the 
front end rarely requires the use of 
a sweep generator; however, the IF 
section of the tuner does require 
sweep alignment. This requires a 
sweep generator with a center fre- 
quency of 10.7 MHz and a 10.7 - 
MHz marker, in addition to a scope. 

Several stereo testers currently on 
the market generate the above -men- 
tioned signals and also the composite 
stereo modulation. Generally, the 
RF carrier which they generate may 
be tuned only slightly above or be- 
low 100 MHz by a screw -driver 
adjustment. This carrier is frequency 
modulated by a choice of a monaural 
tone, a pilot subcarrier with tone 
modulation, unmodulated pilot sub - 
carrier, 67 -kHz or 72 -kHz subcar- 
riers for adjusting SCA traps, and 
external modulation. Some of these 
instruments generate separate left and 
right signals simultaneously, others 
generate "left only" or "right only" 
signals. Still other instruments have 
additional features such as a VTVM, 
impedance bridge, square wave -gen- 
erator, IM -distortion tester, etc. 

Again, depending on the complex- 
ity of the particular test set, all of 
the modulating signals may be avail- 
able separately. At least one tester 
on the market peforms all the 
functions of a miniature FM stereo 
transmitter, requiring only a stereo 
tape deck or turnable to modulate it. 

Summary 
In the limited space available, we 

have attempted to enumerate the 
types of test equipment required for 
servicing stereo receivers, amplifiers, 
turntables, and tape decks. The se- 
lection of specific instruments can be 
made only by the shop owner. Per- 
sonal preferences will affect each 
individual's choice, and, of course, 
the cost of the various instruments is 

an important consideration. For ex- 
ample, prices of audio signal gener- 
ators range from less than $100 to 
nearly $1000. 

Until the advent of stereo FM 
broadcasting and the rising populari- 
ty of high -quality stereo, there was 
little or no market for "middle -grade" 
audio test equipment. "Lab -quality" 
equipment was available-at a price 
-but equipment having reasonably 
good accuracy and stability at a 
moderate cost just was not avail- 
able. (Of course, the all -in -one 
stereo test set has appeared only 
since the inauguration of FM stereo - 
casting in June, 1961.) 

Today, however, the situation is 
rapidly changing. A wide selection of 
audio signal generators, distortion 
analyzers, and all -in -one test instru- 
ments designed for service work is 
available at reasonable prices. In 
selecting your stereo test equipment, 
we suggest that you proceed along 
these lines: 

1. Take inventory of your test 
equipment and determine which of 
the tests we have mentioned you 
can perform with the equipment you 
already have. 

2. Estimate the amount of addi- 
tional service you can sell by aug- 
menting your present equipment. 

3. Study the specifications, fea- 
tures, and prices of the various in- 
struments that will satisfy your needs. 
Remember that your stereo service 
business will grow as you establish a 
reputation and promote this new 
service. 

4. Buy your new test equipment, 
repaint your board, and cash in 
on the growing market of stereo 
service. 
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SEEKING SOLUTIONS 

TO FUSEHOLDER 

PROBLEMS?... 
YOU'LL GET THE 

RIGHT ANSWERS FROM 

BUSS 
BUSS: Makers of the 

complete line of fuses, 
blocks and holders of 

unquestioned high quality. 

Panel mounted, in -the -line, lamp indicating, signal acti- 
vating, visual indicating fuseholders-with solder terminals, 
quick -connect terminals or special terminals-for fuses from 

x % inches and larger. 
Fuseholders of various types to meet Commercial and 

Military specifications. 
For full information on the many small dimension fuse 

mountings and companion fuses available from BUSS .. 
write for BUSS Bulletin SFB. 

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

Supplied the Economical Way- 
thru Distributors 

Buss QuALIT 
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TEST EQUIPMENT 

FOR SERVICING 

CB 
Although the test equipment requirements for 
servicing a particular type of electronic equip- 
ment usually overlap those for another type, most 
require a few items of specialized gear. Such 
special test equipment is needed for proper 
servicing of Citizens -Band equipment. 

by William E. Daupert 

When the old 11 -meter amateur 
band was reassigned to the Citizens 
Radio Service, the American public 
immediately took advantage of it. 
The earliest equipment for this ser- 
vice was neither plentiful nor fancy, 
but now both the manufacturers and 
users have greatly increased in num- 
ber and just about any kind of equip- 
ment is available. This equipment 
ranges from simple two -or three -tube 
superregenerative receivers to single- 
sideband, suppressed -carrier equip- 
ment, and at a price to fit any pocket 
book. 

There are four classes of Citizens 
Band Stations. Class A stations are 
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licensed to operate on an assigned 
frequency in the 460 to 470 -MHz 
band with an input power of 60 watts 
or less. 

Class B stations are licensed to 
operate on an authorized frequency 
in the 460 to 470 -MHz band with an 
input power of 5 watts or less. 

Class C stations are licensed to 
operate on an authorized frequency 
in the 29.96 to 27.23 -MHz band or 
on the frequency of 27.255 MHz, 
for the control of remote objects or 
devices by radio, or for the remote 
actuation of devices which are used 
solely as a means of attracting at- 
tention, or on an authorized fre- 
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quency in the 72 to 76 -MHz band 
for the control of model aircraft 
only. 

Class D stations are licensed to 
operate on an authorized frequency 
in the 26.96 to 27.23 -MHz band or 
on the frequency 27.255 MHz with 
input power of 5 watts or less, and 
for radiotelephony only. Class D 
stations are authorized to use ampli- 
tude voice modulation including 
single sideband and/or reduced or 
suppressed carrier for radiotelephone 
communications only. 

Power measurements must be 
made during maximum peaks of 
modulation, and with meters having 
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Fig. 2. Lectrotech CB analyzer. 

full scale accuracy of 2% or better. 
The frequency of the Class D trans- 
mitter must be maintained within 
±.005%. 

Equipment Features 

Among the latest auxilliary fea - 
tues of the Citizens Band equip- 
ment are built-in standing -wave -ratio 
bridges, output meters, and S -meters. 
Lately there have also been tremen- 
dous improvements in the main 
equipment; more receivers are using 
dual conversion, crystal filters, and 
mechanical filters, and transmitters 
are using compression amplifiers in 
the speech section. Ring modulators 
are popular in sideband equipment. 

One of the latest additions to Cit- 
izens Band equipment is the fre- 
quency synthesizer circuit which 
maintains the transmitter and re- 
ceiver on the same frequency at all 
times. Fig. 1 is a diagram of a typical 
frequency synthesizer circuit. 

The synthesizer section consists 
of a low -frequency local oscillator 
(02) and its 4 crystals, the high - 
frequency oscillator (03) with its 
crystals, and the mixer (04). As 
shown in Fig. 1, the synthesizer is 
set for operation on Channel 11. 
Here's how it operates: 

The 10.160 -MHz crystal is con- 
nected directly into the base of 02, 
a Colpitts oscillator. C22 and C28 
form a capactive voltage divider for 
the output. The high -frequency os- 
cillator Q3 operates on third over- 
tone crystals, in this case a 32.895 - 
MHz crystal. The signal from Q3's 
collector is fed into L7 and thence 
to the emitter of the synthesizer mix- 
er, Q4. At Q4, the low frequency 
signal, 10.160 MHz, is fed to the 
base and subtracted from the high 
frequency signal of 32.895 MHz. 
The resulting frequency is 22.735 

MHz. The 22.735 -MHz signal is 
coupled through L8 to switching 
diodes X1 and X2. 

In receive position X1 is cut off 
and X2 couples the synthesizer 
mixer signal to the emitter of the re- 
ceiver mixer transistor. The receiver 
IF amplifiers are tuned to 4.3 MHz 
(channel 11 minus 22.735 MHz). 
During transmit, X2 is cut off and 
X1 will conduct the signal from the 
synthesizer mixer to the transmitter 
mixer emitter The transmitter oscil- 
lator, which always operates at 4.3 
MHz, will add to the synthesizer 
mixer frequency and become the 
channel frequency. 

Available Test Equipment 

For bench service of Citizens and 
Business Band radio equipment, dif- 
ferent types of test instruments are 
needed depending upon the band 
class of the radio equipment. Since 
most modern Citizens Band equip- 
ment is completely transistorized, 
care should be taken in the selection 
of test equipment. 

The DC power supply on the 
service bench does not need to be 
very heavy for most class D Cit- 
izens Band equipment, since most 
of these rigs draw from 100 ma to 
about 1 amp in the transmit position. 
However, for Business Band equip- 
ment you will need a considerably 
heavier power supply. These trans- 
mitters run up to 60 watts input and 
draw from 10 to 30 amps. The rip - 

FINAL 
TAN K 

CIRCUIT 

FINAL 
TANK 
CIRCUIT 

TO ANTENNA 

ple content should be less than 2% 
with good regulation. 

The DC bench supply should be 
metered for voltage as well as cur- 
rent, as voltage is often a determin- 
ing factor in locating a trouble 
quickly. The meter accuracy should 
be at least ±4% or better. The sup- 
ply voltage should be variable at 
least in two ranges. The smaller 
supplies, suitable for Citizens Band 
radios, run from 0 to 6 volts in one 
range and 0 to 20 volts in the second 
range. The larger DC supplies used 
in Business Band and other services 
usually run from 0 to 15 volts and 
0 to 35 volts DC at about 30 amps. 

In most cases it is beneficial to 
have a variable DC supply, since 
you can check the vibrator in vibra- 
tor power supplies to see whether 
it will start, and at what voltage. In 
the case of small DC supplies with 
poor regulation, try putting a small 
value resistor across the output ter- 
minals. A resistor of 20 to 30 ohms 
with 20 watts capacity will often 
help regulation problems. 

There are several types of fre- 
quency meters available to meet 
FCC requirements. Available types 
range from comparatively inexpen- 
sive heterodyne meters to lab -type 
counters with digital display. Buy 
the most accurate you can afford. 

Fig. 2 shows one of the newest 
instruments for CB servicing. This 
instrument is a combination fre- 
quency, power output, and modula- 
tion meter. Note that the frequency 
measurement is read by setting the 

/1 /1 TO VERTICAL 
PLATES OF SCOPE 

(A) Direct link 

TO ANTENNA 

(8) Tuned link. 

Ky:TO VERTICAL 
PLATES OF SCOPE 

Fig. 3. Connecting scope for modulation envelope. 
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channel selector to the desired chan- 
nel, and then reading the error in 
Hz on the meter. This instrument's 
frequency accuracy is .0015%, 
which is fine for CB work 

A good oscilloscope or output 
analyzer is helpful in checking mod- 
ulation and/or percentage of mod- 
ulation with A2 or A3 emission. 
Fig. 3 shows two methods of check- 
ing the modulation of a Citizens 
Band rig with an oscilloscope. 

The circuit in Fig. 3A is a con- 
venient way in which to couple the 
transmitter output to an oscilloscope. 
However, if you do not have enough 
deflection on the vertical plates of 
the scope, the circuit in Fig. 3B will 
increase deflection. The tuned cir- 
cuit in Fig. 3B should be tuned to 
the output frequency of the trans- 
mitter, and the height of the scope 
pattern increased or decreased by 
adjusting the coupling of the line 
to the final tank coil. 

A somewhat simpler way of 
checking approximate modulation 
percentage is with a transceiver test- 
er such as that in Fig. 4. This instru- 
ment also checks a number of things 
including VSWR of the antenna. 
Most of these transceiver testers are 
limited to instruments of 5 watts 
output or less; but they are relatively 
inexpensive. Many features are avail- 
able in these testers, so it is best to 
compare specifications before pur- 
chase. 

The instrument in Fig. 5 is de- 
signed for VSWR and power mea - 

Fig. 4. B&K Cobra transceiver tester. 

surements alone. However, it can 
handle transmitters up to 1 kw 
output, which makes it useful for 
testing all classes of Citizens and 
Business Band operations. 

A well-equipped service shop 
should not be without a good 
VTVM or FET meter. Low range 
volt and ohm scales are essential, as 
transistor circuitry is common. Me- 
ters are now available with scales as 
low as .01 volt and up to 1000 volts 
DC, and ohms scales which read 
from .1 ohm to 50 megohms. Some 
of these meters are battery oper- 
ated, which is very handy in ser- 
vicing of units in the car. An AC 
VTVM is a good addition to any 
service shop, for alignment of ordi- 
nary home radio equipment as well 
as Citizens and Business Band equip- 
ment. Most AC VTVMs have ranges 
from .001 volt to 300 volts AC and 
a dB scale from - 72 dB to + 50 
dB-which is very helpful in mea- 
suring the stage gain of a receiver. 

A good in -circuit transistor tester 
should be considered standard equip- 
ment in any modern communications 
shop. Most of these instruments are 
completely trustworthy; if the meter 
says "good," then the transistor can 
be eliminated as a possible trouble 
source. These instruments are also 
useful for checking power rectifiers 
and signal diodes. 

Another must in servicing Citizens 
Business Band radios is a good signal 
generator for aligning RF and IF 
circuits. The generator should have a 
dial calibrated with an accuracy of 
1% or better, and a modulated out- 
put continuously variable down to 
about .1 µv. Quite a few of the latest 
transistor receivers can be overloaded 
with a strong signal, resulting in 
misalignment. 

When selecting and using test 
equipment, attention should be given 
to such characteristics as impedance, 
insertion loss, attenuation etc. Also, 
it should be noted that these char- 
acteristics will vary with the fre- 
quency of the equipment. For in- 
stance, a wattmeter may read 5 watts 
at 27 MHz and 3 watts at 150 MHz, 
even though the power input is the 
same in both cases. The manufac- 
turer usually furnishes specification 
charts to show the frequency char- 
acteristics of his equipment. 

Use of Equipment 

The first check for trouble in a 
unit should be visual. Look to see if 

Fig. 5. Seco antenna tester. 

there are any burned components, 
and check for cracked or blistered 
resistors. The circuit board should 
be carefully checked for cracks or 
breaks. Sometimes in a mobile in- 
stallation there is a tendency for 
parts to vibrate out of their sockets. 

The frequency meter is very useful 
in troubleshooting, especially when 
checking synthesizers and local os- 
cillators. Care should be taken not 
to couple too much signal from an 
oscillator into the frequency meter. 
Never key the transmitter directly 
into the frequency meter as serious 
damage could result. 

Power consumption checks should 
be made while the unit is on the 
bench, in both receive and transmit 
modes. Excessive input current could 
indicate leaky filters or transistors. 
The radio will operate more or less 
normally, but will soon cause trouble. 

When any parts have been re- 
placed that might affect the operating 
frequency of the equipment, such as 
any part that will affect the input of 
the transmitter or modulator, the 
frequency and the modulation per- 
centage should be checked. Also, the 
input power to the final stage should 
be checked to see that it does not 
exceed legal limits. 

Conclusion 

The use of good test equipment 
will ease troubleshooting in most 
Business or Citizens Band radio 
equipment, and will do a more effi- 
cient job of putting the equipment 
back on the air. Time will be saved 
by the serviceman who is using the 
best equipment. Customers will be 
satisfied and the customer's equip- 
ment can be kept within the legal 
limits as set forth by the Federal 
Communications Commission. 
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Effective and profitable repair of 
electronic devices can be accom- 
plished only by using the proper 
test equipment. The successful ser- 
vice shop displays an imposing ar- 
ray of test instruments designed to 
perform specific tests to isolate de- 
fective components in electronic 
gear. This array of test equipment 
represents a considerable monetary 
investment, and as such, should be 
carefully maintained. Careful main- 
tenance and repair of test equipment 
can add greatly to the efficiency of 
the average service organization. 
Rare is the shop that doesn't have a 
defective VOM, VTVM, scope, or 
generator lying around. Although it 
may not be completely defective, in 
many cases only the people well ac - 

MOUNTING 
PLATE 

quainted with its peculiarities can 
operate it. 

Test instruments that probably 
rank highest on the casualty list are 
meters, VOM's and VTVM's. This 
is primarily due to the rough han- 
dling they get on the bench and the 
many rides they get in the service 
truck. Also, it is not too uncommon 
for a technician who is absorbed in 
a particularly difficult servicing prob- 
lem to unknowingly attempt to mea- 
sure B boost with the function switch 
in "ohms" position. Regardless of 
what causes the failure, the instru- 
ment must be returned to service as 
soon as possible. 

Servicing VOM's 

The first step in the repair of a 

VANE 
AIR CHAMBER 

(COVER PLATE REMOVED) 

SERVICE 

YOUR OWN 

MULTIMETER 

Don't shove that defective VOM, VTVM, or transis- 
torized multimeter into a corner to collect dust 
while you ponder whether it's worth the effort 
and expense involved in sending it away for re- 

pair. If the meter movement isn't damaged, you 

can repair any multimeter yourself. 

by Ellsworth Ladyman 

meter is to decide whether it is re- 
pairable in the shop or whether it 
must be returned to the factory. This 
usually is not a difficult decision; if 
the meter movement is damaged, it 
should be returned to the factory; 
if not, the instrument in all proba- 
bility can be repaired in the shop. 
Referring to Fig. 1 (an illustration 
of two types of meter movements) 
will quickly point up the folly of at- 
tempting repair of the meter move- 
ment itself. 

After deciding to repair the in- 
strument yourself, remove it from 
the case, being careful to prevent 
scarring or scratching the clear plas- 
tic or glass covering the meter face. 
The rear cover or back of the case 
is usually secured by four retaining 

STATIONARY 
COI L 

AIR CHAMBER 
(COVER PLATE 

REMOVED) 

FIELD COIL 

MOVING 
ELEMENT 

(A) Moving iron vane 

MOVABLE 
COIL 

VANE 

(B) Dynamometer 

Fig. 1. Drawings of two basic types of meter movements illustrate intricate parts. 

March, 1968 ' PF REPORTER 29 

www.americanradiohistory.com



(A) Meter includes resistance, DC, AC, and dB scales. 

VOLTS 
INPUT 

VOLTAGE 

MEASURING 

CIRCUIT 

R15 

R16 

R17 

R18 

R19 

S2 

R13 Ml R12 X2 R11 

l 
R20 R33 R28 R21 R22 Cl R23 R29 

(B) Component layout reflects compact size. 

Fig 2. Front -cabinet and internal views of typical volt-ohm-milliammeter. 

AMPS 
INPUT 

CURRENT 

MEASURING 
CIRCUIT 

AMPS 

VOLTS OHMS 

FUNCTION 

SELECTOR 

SWITCH 

METER 
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INPUT 

RESISTANCE 

MEASURING 
CIRCUIT 

Fig. 3. Block diagram of VOM emphasizes isolation between functions. 

R31 R10 

SI 

F2 

R9 

R32 

R8 

R7 

R6 

R5 

-R4 

R3 

R27 

R2 

R30 

R1 

X1 

screws. These screws are sometimes 
recessed and not visible until four 
rubber fet are removed. 

When removal from the case is 
completed, make a careful visual in- 
spection of all components; look 
specifically for evidence of over- 
heated parts, defective contacts, etc. 
At first glance, the layout of the 
components will appear to be a com- 
plicated conglomeration of parts 
(Fig. 2) , but an analysis of the trou- 
ble symptom (s) will, in most cases, 
automatically eliminate a major por- 
tion of the components from further 
consideration as the probable cause. 
The block diagram in Fig. 3 bears 
this out. If the meter readings are 
erratic during resistance measure- 
ments, the voltage and current mea- 
suring circuits can be eliminated as 
possible trouble suspects; conversely, 
if the voltage readings are inconsis- 
tent, the resistance and current mea- 
suring circuits can be eliminated. 
In the same manner, the resistance 
and voltage circuits are eliminated 
when erroneous readings prevail only 
during current measurements. 

Further localization of the defect 
results when the erroneous readings 
are confined to a particular scale 
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(this is usually the case) . At this 
point, reference to the manufac- 
turer's schematic of the instrument 
under test should localize the defec- 
tive component to a particular leg 
of the circuit; for instance, if er- 
roneous readings are present only on 
the R X 100K range, the defect has 
to be in that particular circuit-i.e., 
the switch contact(s) or resistors 
related to that particular setting of 
the function switch. This will hold 
true for any scale. An analysis of the 
schematic shown in Fig. 4 will illu- 
strate this fact. 

Meter Sensitivity 

Most VOM's used for servicing 
electronic apparatus have a sensitiv- 
ity of 20,000 ohms -per -volts. This is 

about the maximum sensitivity avail- 
able in ruggedly constructed VOM's 
-and they have to be rugged to 
stand the pounding they get in the 
course of duty. Most 20,000 ohms - 
per -volt instruments utilize a 50 - 
microampere meter with an internal 
resistance of 20,000 ohms. Of 
course, due to excessive circuit load- 
ing, even the best VOM's leave 
something to be desired when grid 
voltages are to be measured. 

Meter Shunts 

Occasionally, it may be necessary 
to compute the value of a shunt 
and/or multiplier resistor; the value 
of a resistor might be unreadable, 
making identification impossible, and 
the schematics for the VOM or 
VTVM under repair may not be 
available 

Ammeter Shunt 

The formula for determining the 
value of an ammeter shunt is: 

IM X RM 
Rs - 

Is 

where, 
Rs is the resistance of the shunt 

resistor 
IM is the full-scale current rating 

of the meter 
RM is the meter resistance 
Is is the current that will flow 
through the shunt at full scale. 
The current flow through the 

shunt (Is) is the difference between 
the meter current (usually 50 micro- 
amperes) and the current to be mea- 
sured; for example, to calculate the 
shunt resistance requirements for a 
100 -microampere scale using a 50 - 
microampere meter: 

RATCHET -TYPE 

EHIImAEY 

MOUNT 
With Stainless Steel 

Strapping 

Catalog No. 8008 
Suggested Net $4.28 

(12' lengths) 

Catalog No. 8008-L 
Suggested Net $5.10 
(18' lengths) 

New in design ... tops in materials ... first in service life. 
Here is the quality -constructed two -bracket chimney 
mount designed to give maximum service in high wind, 
seasonal storms, adverse weather conditions. Available 
with 12 or 18 -foot lengths of stainless steel strapping to 
fit any chimney, a locking "U" bolt that accepts antenna 
masts up to 11/2" in diameter. This mount installs in min- 
utes, requires only a single wrench to secure to chimney. 
Buy with confidence from the world's largest basic manu- 
facturer of television hardware ... you'll make your job 
easier, faster, and more profitable ... more satisfying to 
your customer. 

Always insist on 

you'll get more for your money, everytime! 

.GC 
ELECTRONICS 

GC ELECTRONICS 
A DIVISION OF HYDROMETALS, INC. 

MAIN PLANT: ROCKFORO.ILLU.s.A. 

Giant FREE Catalog... 
Only GC gives you everything in electronics 

... has for almost 40 years. Match every 
part and service need from over 10,000 

quality items. Write for your copy today! 
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p to 13/4" in diameter. 

Catalog No. 8930 
Suggested Net $3.16 

Au 
PURPOSE 
ANTENNA 

MOUNT 
Forr flat 
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roofs, and corners. 
Rust -resistant, 

heavy -gauge steel. 
For masts up to 13/4" 

in diameter. 
Suggested Net $2.01 

HINGED - 
TYPE 

RIDGE 
MOUNT 

For peak 
or flat 
roofs, 

and 
side walls. 

Rust -resistant, heavy- 
duty steel. For masts 
up to 2" in diameter. 

Catalog No. 9022 
Suggested Net $2.01 
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Rs = 20,000 ohms 

Is = .0001 - .00005 

Is = .00005 amp 

Consequently, 

Rs = .00005 X 20,000 
.00005 

132 

.IL 

L 5V 

4. Complete schematic diagram of typical volt-ohm-milliammeter. 

Voltage Range Multipliers 

Multiplier resistors in a VOM are 
simply resistors of selected values 
that extend the voltage measuring 
range of the meter. These resistors 

AC 

SOURCE 

BEING 

MEASURED 

are switched in by the range selector 
switch. To find the actual value of 
any specific multiplier, the meter 
resistance and desired full-scale volt- 
age range must be known. The multi- 
plier value may then be computed 
as follows: 

RMULT = Eva 
Is 

- RMETER 

where, 

EvR is the full-scale voltage range 

Is is the full-scale meter current 

Fig. 5. Bridge -type rectifier circuit for measuring AC voltage. 

For example, if the resistance as- 
sociated with 250 -volt DC range 
cannot be determined from the 
markings on the resistor, it can be 
calculated as follows: 

250 
RMULT = - 20,000 

R. = 4.98 megohms 

AC Voltage Reading Circuit 

The majority of VOM's in use 
today employ the d'Arsonval meter 
movement, which requires a recti- 
fier circuit to rectify AC voltages 
before a reading can be obtained. 
Since the rectifier circuit functions 
only during AC measurements, it 
is logical to suspect this circuit when 
trouble symptoms occur only during 
AC measurements. A typical circuit 
configuration for AC voltage mea- 
surement is shown in Fig. 5. 

General Service Procedures 

1. Check the defective instrument 
on all scales and functions; make 
a list of trouble symptoms. A 
careful analysis of the instru- 
ment's overall performance is 
essential. 

2, Refer to the schematic and study 
the circuits; determine in what 
area you can expect trouble. The 
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list made up in Step 1, used in 
conjunction with the schematic, 
should help you pinpoint the 
trouble area. 

3. Check out the suspected circuit 
leg using another VOM. Re- 
member, most resistors used as 
shunts, multipliers, etc., have 
at least 1% tolerance, and some- 
times less. 

Calibration 

Due to the variation in circuitry 
from manufacturer to manufacturer, 
a detailed calibration procedure that 
would apply to all instruments is 
impossible. In general, an instru- 
ment can be checked in several dif- 
ferent ways: 
1. Its performance can be checked 

against that of another instru- 
ment of its type. The meter being 
used as a standard must have a 
known performance rating. 

2. The ohmmeter portion can be 
quickly checked by measuring 
resistors of known value; a dec- 
ade box is useful for this pur- 
pose. 

3. The voltage portion can be 
checked by measuring various 
outputs of a variable power sup- 
ply, battery outputs, etc. 

4. The ammeter portion can be 
evaluated in the same manner as 
the voltage portion except, of 
course, current is used in place 
of voltage. 

Do not overlook the possibility 
of trouble external to the meter. 
Most meter failures occur when 
probes, test leads, adapters, etc., be- 
come worn. A loose test lead can 
give such a wide range of indica- 
tions that it will be almost im- 
possible to evaluate a meter's per- 
formance. Always suspect leads and 
probes first, then the meter itself. 

Servicing VTVM's 

The VTVM utilizes the same 
basic operating theory associated 
with the VOM; that is, current flow- 
ing through a meter movement pro- 
duces deflection of the pointer. The 
major difference between the two 
instrument types is that at least one 
vacuum tube circuit is employed in 
the VTVM (Fig. 6). The use of the 
vacuum tube(s) gives the VTVM 
several advantages over the VOM, 
but as is true in nearly all phases of 
electronic design, "when you gain 
something, you lose something"; so, 
there are also disadvantages. 

The Transistor Testers 
that really work in circuit 

NEW TR15A 

Locate defective transistors in circuit in seconds with a true AC 

signal gain test (BETA) . without disconnecting a single lead 
... what a time saver. Also measure AC beta and Icbo leakage 
out of circuit for complete analysis of the transistor. It's easy, 
fast and accurate. Also checks diodes and rectifiers in and out 
of circuit. 
TRUE BETA MEASUREMENTS: the transistor's AC gain factor. 
Set the CAL knob, press the beta test button and read the actual 
AC gain on the meter. This is the ratio of AC signal on the base 
of the transistor to that obtained on the collector and is a standard 
of measurement in the industry. 
Icbo LEAKAGE MEASUREMENTS. An important check since many 
transistors have good beta but don't work because the leakage 
current has become too high. Both instruments show the leakage 
current (Icbo) in microamps right on the meter. 
OUT -OF -CIRCUIT TESTS. Test procedure is the same for in or 
out -of -circuit testing. Out of circuit, transistors may be sorted, 
selected and matched for specified values of beta and Icbo. 

COMPLETE PROTECTION. Special circuitry protects even the most 
delicate transistors and diodes, even if the leads are connected 
incorrectly. No possibility of damage to the transistor, circuit or 
instrument. Zener regulated power supply. 
NO SET-UP BOOK. No need for a set-up book or manual. Just 
refer to the handy transistor checking guide on the back of the 
instrument. Even unknown transistors can be checked. PNP and 
NPN types can be determined at the flick of a switch. 
ALL STEEL CASE. Vinyl' covered, with brushed chrome panel. 
Beta range, 2 to infinity; Icbo, 0 to 5000 microamps. 

DELUXE TR139. "Howard W. Sams" transistor 
manual included for beta and Icbo reference. $8950 
9" x 7Y" x 6", with large 6" meter, 8 lbs. 

COMPACT TR15A. Only 5" x 7-3/16" x 3-1/16"- 
just right for easy handling. Easy -to -read 41/2" $6450 
meter. 41 lbs. 

NO. 7 MANUFACTURER OF ELECTRON/C MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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VTVM Advantages 

1. A much higher input impedance. 
This is due to the inherently 
high input impedance of the 
vacuum -tube grid circuit. This 
higher input impedance results 
in greatly reduced circuit load- 
ing, and increases the use of the 
meter. 

2. Another inherent feature of the 
vacuum tube circuit is the low 
input capacitance. This allows 
measurement of AC voltages at 
much higher frequencies than 
the VOM. 

3. The amplification of the input 
signal by the vacuum tube ampli- 
fier increases the sensitivity of 
the meter, allowing measure- 
ment of much smaller voltages 
and greatly extending the range 
of resistance measurement. 

VTVM Disadvantages 

1. 

2. 

More frequent calibration re- 
quired (compared to VOM) due 
to aging of vacuum tube. 
The very nature of a vacuum 
tube circuit is indicative of less 
stable operation. 

Knuckle - 
Saver. 

f 

CRYSTAL 
CLEAR 

iRAY COAIING 
Na. 130R 

RADIO, TV', 
iECTRONIt2 

Putting a sleeve on a connection 
can be frustrating. (If your hand slips, it 
can also be rough on the knuckles.) 

Why not use Krylon Crystal Clear 
Spray Coating instead? 

Krylon forms a hard, waterproof 
coating that stops many of the causes 
of high -voltage section loss and picture 

fading. It doesn't dry out or crack. It 
prevents rusting. 

Try it. All you have to lose aie a 
few skinned knuckles. 

Krylon Crystal Clear...standard 
equipment for all TV/Radio installation 
and repair BORDEN 
work. CHEMICAL 

3. An external power source (usu- 
ally 110 VAC, 60 cycle) is re- 
quired. 

4. The VTVM must reach oper- 
ating temperature and correct 
voltages before stable operation 
is possible. 

5. The circuit is somewhat more 
trouble prone than the VOM be- 
cause of the more complex cir- 
cuitry. 

VTVM Maintenance and Repair 

Since specific circuits are used for 
specific measurements, the overall 
circuit can be broken down into sec- 
tions to facilitate troubleshooting 
procedures: 
1. DC voltage measurement circuit. 
2. AC voltage measurement circuit. 
3. Ohms or resistance measurement 

circuits. 
4. Power supply. 

A careful analysis of the trouble 
symptom(s) permits quicker isola- 
tion of the circuit defect to a partic- 
ular stage. The circuits associated 
with one function are fairly well 
isolated from those of another; for 
instance: 
1. Amplifier circuit-DC (negative 

and positive) voltage readings. 
2. Rectifier stage - AC voltage 

measurements. 
3. Battery and multiplier resistors 

-Resistance Measurements. 
4. Power supply-Both AC and 

DC voltage measurements. 
5. Probe-All measurements. 
6. Function selector switch-All 

measurements. 
7. Range selector switch-All mea- 

surements. 

Tube Failure 

As in any electronic apparatus, 
the amplifier or rectifier tubes can 
and do fail. This condition is im- 
mediately discernible and can be 
evidenced by any of the following 
indications: 
1. No response whatever. 
2. Response only on AC readings. 
3. Response only on DC reading. 
4. Erroneous or erratic readings on 

AC and DC measurements. 
5. Readings lower than expected. 
6. Will not balance, or inability to 

perform calibration procedures. 
Following replacement of defective 

tubes in a VTVM, the instrument 
must be recalibrated. Calibration 
should be carried out in accordance 
with the manufacturer's instructions. 
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It will be necessary to "age" replace- 
ment tubes before installation. This 
is necessary due to changes in tube 
characteristics during their first 100 
hours of operation. One method of 
"aging" is accomplished by installing 
the tubes in the VTVM, turning the 
VTVM on and applying operating 
voltage to the tubes for approximate- 
ly 100 hours before calibrating. 

Component Replacement 

Tolerance is the main factor to 
be considered when replacing a com- 
ponent in a VTVM, or any meter 

circuit. Replacement parts must be 
within the tolerance stated in the 
manufacturers information. Extreme 
care should be exercised during the 
replacement operation. Avoid over- 
heating terminals, excessive solder 
on joints and unnecessary heating of 
adjacent components. 

The battery employed in the ohm- 
meter circuit (B1, Fig. 6) should 
never be allowed to reach a badly 
discharged condition, nor should a 
discharged battery be allowed to 
remain in the case. To check the 
level of charge, proceed as follows: 

Important New SAMS BOOKS 

NEW 11th Edition of the famous HOWARD W. SAMS 

Tube Substitution Handbook 
TWIN PAK : 2 Books in 1 Package! 

Regular size for your bench 
Pocket-size for your tube caddy 

Completely revised, each book contains identical up-to-date listings 
of over 10,000 direct substitutes for all types of American and foreign 
receiving and picture tubes. The most complete and updated direct 
tube substitution guide available. Includes cross reference for all 
American receiving tubes, list of picture tubes and substitutions, 
cross reference for miniature tubes, industrial substitutions for receiv- 
ing tubes, substitutions for communications and special-purpose tubes, 
cross reference for American and foreign tubes. Instructions tell you 
when and how to make proper substitutions. You get two books, each 
with exactly the same information-the full-sized book for your 
bench or reference library, the pocket-size for your tube caddy. qq 

Order 20615, both books for only gL 
Shop edition only (5 x 834", 96 pages). Order 20614, only. ...$1.75 

ABC's of Ham Radio. 3rd Ed. 
by Howard S. Pyle, W70E. Newly revised to 
contain all the information you need to get 
your novice -class amateur license. Covers all 
the latest FCC regulations, including the new 
incentive licensing program. Explains how to 
apply for a license and what to expect in the 
FCC exam. Shows you how to learn the code, 
and how to set up your station and operate it; 
provides a world of helpful hints to get you 
into ham radio in the shortest time. qq 

144 pages; 534 x 8W. Order 20638, only. .$L"" 

Understanding Electronic Test Equip. 
by Joseph A. Risse. Explains the operating 
principles, functions, and applications of the 
teat equipment most commonly used in elec- 
tronic testing and troubleshooting. Clear, in- 
depth explanations help you to better under- 
stand and make more effective use of test in- 
struments; also shows you how to repair and 
even calibrate them. Includes data on the latest 
solid-state instruments. Fully illustrated with 
schematics, drawings, and photographs. 

$ 25 192 pages; 5% x 8 34". Order 20613, only .... 4 

101 Easy Audio Projects 
by Robert M. Brown and Torn Kneitel. Includes 
complete instructions for building 101 simple, 
low-cost audio projects using parts salvaged 
from discarded radio and television receivers. 
Projects include a -m and f -m tuners, reverb 
units, eavesdropping amplifiers, time -delay con- 
trol boxes, hearing aids, and test equipment. 
Many can be completed in just one evening. 
Construction is enjoyable, and at the same time 
you will also learn the basics of electronics. 

5 168 pages; 5 3i x 8 W. Order 20608, only .... 3" " 

ABC's of Transformers and Coils. 2nd Ed. 
by Edward J. Bukstein. Because transformers 
and coils are a part of almost all electronic 
equipment, you must know how they work in 
order to understand how circuits operate. This 
book explains the basic principles of inductance, 
transformer and coil construction, inductor 
applications, and how to test and measure in- 
ductance components. Includes computer de- 
velopments (magnetic -core memory and logic 
circuits, and toroidal and ferrite -bead induc- $4% 
tors). 96 pages; 534 x 834'. Order20612,only. 

These and over 300 other SAMS Books are available 
from your local Electronics Parts Distributor. 

49 EASY TRANSISTOR PROJECTS 

SERVICING DIGITAL DEVICES 

101 QUESTIONS & ANSWERS ABOUT COLOR TV 

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

1. Set the function selector to 
"ohms." 

2. Turn the range selector to 
"RX 1" position. 

3. Rotate the ohms -adjust control 
to attain full-scale deflection. 

4. Short the probe and ground leads 
together. 

5. Remove the short between probe 
and ground leads. 

6. The meter should read full-scale; 
if not, the batteries are prob- 
ably weak. 

External Troubles 

When troubleshooting any device, 
the most logical trouble source is 
usually the part that is handled the 
most; consequently, the probes and 
ground leads of the VTVM require 
special attention. Frequent inspec- 
tion of probes and leads can save 
time and prevent the frustration of 
erroneous meter indications. 

Servicing Transistor VOM's 

Electronic meters utilizing transis- 
tors rather than vacuum tubes are 
able to combine most of the advan- 
tages of the VOM and the VTVM. 
Such meters have an extremely high 

ELIMINATE CALL-BACKS 

Pro--Ilf/ Ì'--- 

Revolutionary 
MODEL UPW 

UHF PASSIVE WAVE ANTENNA 
This system in which there are no 
electrical connections, 

PROVIDES HIGH GAIN ACROSS THE 
ENTIRE UHF BAND 

and eliminates noise caused by loose 
elements at high frequencies. High 
overall gain across the entire UHF 
band makes this antenna more desir- 
able than any frequency conscious 
yogi types being marketed today. Ex- 
cellent color reception assured. More 
gain than a Parabolic. Top quality 
construction. 

Write for literature and low 
retail prices. All 

inquiries given prompt attention. 

S & A ELECTRONICS INC. 
Manufacturers of the TARGET ANTENNA 

West Florence Street Toledo, Ohio 43605 
Phone 419-693-0528 
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Fig. 6. Complete schematic diagram of vacuum -tube voltmeter. 

Fig. 7. Multimeter employing field-effect transistors. 

input resistance (10-22 Megohms), 
require no warm-up time, and are 
portable since no external power 
source is needed. 

One such instrument (Fig. 7) em- 
ploys field-effect transistors (FET) 
in the circuitry (Fig. 8) . The opera- 
tion of a field-effect transistor is very 
similar to that of a vacuum tube; one 
suitable (but over -simplified) de- 
scription of it is: "a transistor that 
thinks it's a tube." 

The FET and vacuum -tube cir- 
cuits illustrated in Fig. 9 point up 
the similarities of the two configura- 
tions; terminology is about the only 
significant difference. Bias is ob- 
tained for the FET circuit in the 
same manner used in the vacuum 
tube (current flowing through the 
bias resistor develops a voltage 
across it). The operation of these 
two devices is so similar that like 
terms can be applied when describ- 
ing their operation: The gate (grid) 
controls the current flow between 
the source (cathode) and the drain 
(plate) by regulating or governing 
the effect of the existing electrosta- 
tic field between the gate (grid) and 
the source (cathode). However, 
there are differences: The FET 
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doesn't have a "treated" cathode 
that becomes depleted of electrons, 
and the circuit is far more stable 
and resistant to operational changes 
than the vacuum tube circuit. 

FET Meter Circuit Analysis 

Transistors Q1 and Q2 (Fig. 8) 
make up the differential amplifier 
required for use in DC voltage and 
ohmmeter measurements. When 
there is no voltage applied to the 
input of 01, the zero adjust control 
is adjusted so that the voltages de- 
veloped across source resistors R14 
and R22 are equal in amplitude; 
consequently, no current will flow 
through the meter. The DC balance 
control (R29) works the same as 
the zero adjust control; however, it 
is an internal adjustment and is used 
to compensate for internal compo- 
nent tolerances. When a DC voltage 
is applied to the input circuit of Ql, 
the balance existing between Q1 and 
Q2 is upset, current flows through 
the meter, and the pointer indicates 
the value of the applied voltage. 
Input divider resistors R1 through 
R8 permit a total of seven AC and 
DC ranges. Capacitors C2 through 
C8 compensate the divider resistors 
for the different AC ranges. The DC 
calibrate control functions as the 
name implies: It calibrates the meter 
for accuracy when a known value of 
DC voltage is applied. If a voltage 
higher than the limit indicated by 
the range selector switch is applied 
to the input of 01, the neon bulb 
(NE2) will light (fire) and hold 
the voltage applied to Q1 at a safe 
level, protecting Q1 from damage. 

Resistance measurements are ac- 
complished by a voltage divider con- 
sisting of a known and unknown 
value of resistance; the value of the 
voltage developed across the un- 
known resistance is translated to 
resistance on a meter scale calibra- 
ted in ohms. 

With the value of the unknown 
resistance at "zero" (leads shorted 
together), the ohms -adjust control 
(R23) is adjusted so that the pointer 
deflects full-scale when the full po- 
tential from B1 is applied to 01; 
as increasing amounts of resistance 
are applied between the leads, the 
pointer deflects less due to smaller 
amounts of current applied to the 
meter. 

With the function selector set for 
AC measurements, the AC voltage 

is applied to a divider resistor (R2 - 
R8), as was done for DC measure- 
ments. The output of transistor Q1 
is then fed to a p -p detector made up 
of CIO, C11, X1 and X2. This DC 
output is then applied to transistor 
Q2 through the divider network 
made up of R25, R26, R27, and 
CR6. The meter is located in the 
source circuit of transistor 02. The 
DC voltage developed in the source 
circuit of Q2 (proportional to the 
p -p voltage applied to 01) is fed 
to the meter. Diodes X5 and X6 are 

for temperature compensation and 
make the meter independent of 
temperature changes occurring be- 
tween 32° and 122°F. 

DC current measurements utilize 
meter and shunt resistors R16 
through R19. The transistors and 
their associated circuitry are not re- 
quired during current measurements. 
The meter is rated at 100 microam- 
peres; consequently, the meter is 
connected directly into the circuit 
when using the 100 -microampere 
scale. To troubleshoot field-effect 

50,000; 
TECHNICIANS EVERYWHERE RELY ON FAMOUS SENCORE 
MIGHTY MITES. HERE'S WHY. 

Grid Leakage Test with ultra -high sensitivity of 100 megohms 
Emission Test at full rated cathode current 
Shorts Test picks out interelement shorts of 180K ohms or less 
Mighty Mite accurately checks over 3,000 tubes, including foreign 

NEW 
MIGHTY 

MITE 

TC 142 

Now, Sencore's new Mighty Mite Q gives you the same 
reliability and accuracy, plus new features that make the '2' the most up-to-date tester of all. 
NEW-Magnoval socket so you check many more tubes. 
NEW-Horizontal in -line switch layout saves setup time. 
NEW-Rugged vinyl -clad steel case stays new longer. 
NEW-Brushed chrome panel; detachable cover. 
The new TC142 is truly Sencore's mightiest $79.50 Mighty Mite and it's only 

IN STOCK AT YOUR DISTRIBUTOR NOW. 

NO. 1 MANUFACTURER OF ELECTRON/C MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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Introduting the finest (olor I7 

New 
Zenith 

Super 50 
Designed better for easiest servicing: 

Handcrafted for unrivalled dehe»dabìlity: 
The new Zenith Super 50 Handcrafted chassis is in 
forty-three of Zenith's forty-six color TV models- 
including 20" and 23" (diag. picture) Zenith Color TV. 

The new Super 50 chassis is designed for better 
performance and greater reliability. Installation in 
the home and adjustment of alignment is easier. And 
if the necessity for service ever arises, you'll find 
the Super 50 chassis has been specially planned in 
many ways for fast, easy and efficient servicing. 

BEST YEAR YET 

Circuitry is simplified, clutter has been eliminated. 
Heat critical components are isolated in the coolest 
area of the chassis, for longer life. Important serv- 
icing test points are clearly identified by chassis 
stampings or by "flags." All parts are more acces- 
sible. And all separated assemblies (tuner, conver- 
gence assembly, deflection yoke, speakers, etc.) 
have a "plug in" connection. 

Now the best color TV chassis is made even better! 

TO SELL THE BEST 

EN/f// 
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eha,ssis euer: 

1. Exclusive Zenith High Voltage Regulator Circuitry 
Zenith's regulator tube keeps a constant 25,000 volts of pic- 
ture power while itself operating at 5,000 volts or less - 
one -fifth the operating voltage of a conventional shunt 
regulator tube when maintaining the same picture power. 
2. High Voltage Sweep Transformer 
Zenith's new sweep transformer is shielded within a metal 
cage. And it's sealed in polyester resin virtually impervious 
to moisture and protected against corona discharge. 
3. Heat Critical Components Isolated 
The electrolytics, relocated to the chassis's coolest corner, 
are isolated from heat producing components for longer life. 
4. Automatic Color Level 
Keeps colors constant-station to station, channel to chan- 
nel. Helps compensate for variations in signal transmission. 
5. Plug -In Assemblies 
All assemblies not mounted on the rugged metal chassis 
have "plug-in" electrical connectors for easy removal with- 
out breaking soldered connections. 
6. Automatic Degaussing Circuit 
Automatically demagnetizes the color tube each time the set 
is turned on from a cold start. 
7. Zenith AFC (Automatic Fine-tuning Control) 
Electronically fine-tunes Zenith Color TV at the flick of a 
finger. Assures the sharpest color picture. Most of the 23" 
diagonal models are equipped with this feature. 
8. Pull -Out Secondary Control Knobs 
Now all secondary control knobs pull out one full inch for 
easier access and adjustment. 
9. Advanced Color Demodulator Circuit 
Zenith patented circuit extracts color from the incoming 

signal and sends it to the picture -tube with peak precision 
for natural, life -like colors. 
10. Solid -State Video Amplifier 
This transistor amplifies the picture information and assures 
excellent highlight brightness and picture detail. 
11. Fin -Cooled Power Transformer 
With excellent heat -dissipating characteristics, it assures 
constant, full voltage. 
12. Exclusive Horizontal Handcrafted Chassis 
No printed circuits. No production shortcuts. Rugged 16 - 
gauge steel base provides up to 200% greater heat conduc- 
tion ability than phenolic material used in ordinary plastic 
printed boards. 
13. 3 Stage I.F. Amplifier 
All three stages-each with its own frame grid tube and in- 
terstage transformer-have been relocated to reduce possi- 
ble interaction with other circuits for greater stability. 
14. Metal Cone Check Points 
Easy -to -read numbers and "flags" identify the metal cone 
check points, help to make diagnosis easy and accurate. 

NOT SHOWN ABOVE 
Easy Access Front Convergence 
In most 20" and 23" (diag.) models simply remove the grille 
and speaker assembly for easy access to the entire conver- 
gence panel assembly, saving you time and trouble. 
Removable "Easy -Service" Plate 
The bottom of the cabinet is cut out and covered with a per- 
forated metal plate. Alignment tools may be inserted through 
slots in this plate. Or the plate can be removed for easy ac- 
cess to up to 90 per cent of the circuitry. 
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Fig. 8. Schematic diagram of multimeter employing FET's in place of vacuum tubes. 

or conventional transistor volt -ohm- 
meters, use the same procedures that 
were outlined for VOM'S and 
VTVM's: 
1. Carefully analyze the trouble 

symptoms. 
2. Be sure you are checking in the 

right circuit. 
3. Make a careful visual inspec- 

tion. 

GATE 

COUPLING 

GATE 

RETURN 

GATE 

FET AMP 
DRAIN 

DECOUPLING 

DRAIN 

SOURCE 

BIAS 

DRAIN 
LOAD 

DRAIN 
VOLTAGE 

SOURCE 

SOURCE 

BYPASS 

6 10( 

12K 

4. Check components carefully; 
make replacements only with 
components rated well within the 
tolerances stated by the manu- 
facturer. A 

GRID 
COUPLING 

GRID 
RETURN 

VTVM AMP 

GRID 

P LATE 

CATHODE 

BIAS 

CATHODE 

BYPASS 

PLATE 

DECOUPLING 

PLATE 

LOAD 
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RZd 

IDDC 

Fig. 9. Comparison of amplifiers employing field-effect transistor and vacuum tube. 
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Fix That Scope 
(Continued from page 19) 

same. Two controls are normally 
provided for control of the hori- 
zontal sweep oscillator. One of these 
is usually a rotary switch and it will 
probably be termed "Coarse Fre- 
quency"; the other will be a poten- 
tiometer and in all probability will 
be named "Fine Frequency." 

There must be some method of 
synchronizing the vertical input sig- 
nal with the internal horizontal 
sweep oscillator. This is accom- 
plished by picking off a portion of 
the vertical input and applying it 
to the horizontal sweep oscillator 
stage (Fig. 3). This signal (the por- 
tion picked off the vertical section) 
is used to trigger the horizontal 
sweep oscillator. When you adjust 
the horizontal controls to view the 
desired number of vertical pulses or 
cycles, you are locking the hori- 
zontal oscillator "ON" at a specific 
multiple or submultiple of the input 
vertical signal. Practically all scopes 
on the market today also provide 
facilities for application of an ex- 
ternal horizontal sync signal. 

Scope power supplies must be 
capable of providing both low volt- 
ages (in the order of 300 volts) and 
high voltages (ranging from 450 
to 1200 volts) . These power sup- 
plies can be incorporated into one 

MOW 
FILTER CHOKE 

i- FILTER 

DIVIDER 

I FILTER 
Fig. 5. Typical scope power supply. 

section, or they may be separated. 
Nothing goes wrong in a scope pow- 
er supply that doesn't go wrong in 
a radio, television, amplifier, or any 
other power supply. Filters short or 
open up, bleeder and divider re- 
sistors change value, and transform- 
ers break down. These troubles are 
comparatively easy to isolate, and 
should cause you very little concern 
in troubleshooting. Fig. 5 shows a 
typical scope power supply. 

The cathode ray tube (CRT) 
must be considered the heart of an 
oscilloscope. The size and type of 
the CRT to a large extent deter- 
mines the power supply require- 
ments. Operation of a CRT is as 
follows (Refer to Fig. 6) : 

1. The heater current is supplied 
by a winding of the power 
transformer. 

2. As the heater warms up, the 
cathode is heated and starts 
emitting electrons. 

3. Electrons emitted from the 
cathode are attracted by the 
nearest positive CRT element, 
which will be grid No. 2. 

4. These electrons will pass 
through the aperture in grid 
No. 2 and continue through 
anodes No. 1 and No. 2. 

5. Anodes No. 1 and No. 2 
shape the electrons into a tight 
beam. 

B+ 

*i DECOUPLING 

9 
TO CRT 

DECOUPLING 

6. The deflection plates (vertical 
and horizontal) will then at- 
tract the electron beam, caus- 
ing it to bend on its path to 
the phosphorous CRT coat- 
ing in accordance with applied 
signal volts. 

7. The electrons are then col- 
lected by the interior coating 
(internally connected to an- 
bde No. 2) , and the circuit 
is completed. 

Servicing Procedure 

As is the case in any servicing 
problem, the initial analysis of the 
trouble symptom is of utmost im - 

Fig. 6. Important elements of a CRT. 
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portance. The time spent learning 
how the instrument functions is 

never wasted. 
The vertical input circuit, ampli- 

fiers, and deflection plates of the 
CRT are responsible for the ampli- 
tude of the signal. Sweep is the 
responsibility of the sweep oscillator, 
amplifier and horizontal -deflection 
plates. Failure of the power supply 
will, of course, affect both vertical 
and horizontal operation of the 
scope. 

An analysis of the trouble should 
contain the following information: 

1. If trouble is occuring in the 
vertical section: 
a. Is it occurring on all 

ranges of the input selec- 
tor switch? 

b. Is it intermittent or con- 
tinuous in nature? 

2. If the trouble affects the hori- 
zontal sweep circuits: 
a. Does it occur on all 

ranges? 
b. Is it intermittent or con- 

tinuous? 
3. If the trouble consists of no 

sweep: 
a. Is a "dot" visible in the 

center of the screen, in- 
dicating no sweep what- 
ever? 

b. Are external connections 
okay? 

c. Are B + voltages normal? 
Before actually attempting to re- 

pair your scope, it is a good idea to 
have answers to these questions. Be 

Troubleshooting Chart 

Symptom 

1. No trace, screen not illumi- 
nated, pilot light on. 

2. Trace moves from left to right 
across CRT screen, but no 
vertical sweep. 

3. Vertical trace in center of 1. 

screen, trace changes in am- 
plitude, but no horizontal 
sweep. 

Remedy 

I. Check fuses. If fuse is blown, 
make all checks to eliminate 
possibility of direct short to 
ground. Never clip or jump 
across fuse terminals. 

2. Don't overlook the possibility 
of a bad tube. 

3. Make voltage and/or resistance 
checks from test points 1 through 
9 to ground (Fig. 5 ) . 

1. Check the probe. 
2. If another scope is available, 

monitor waveforms at test points 
1 through 8 in Fig. 3. With a 
VTVM, check voltages at test 
points 1A through 6A. 

3. Be sure wafer contacts on verti- 
cal attenuator switch are clean 
and making good contact. Check 
compensation networks for val- 
ue changes, although value 
changes in these circuits should 
show up as poor frequency re - 
response. 
Check waveforms at test points 
1 thru 6, make voltage checks 
at test points 1A thru 8A (See 
Fig. 4) . 

2. Check compensating networks 
at input circuit. Be sure input 
selector switch wafer contacts 
are clean and making good con- 
tact. 

3. If external horizontal sync is 

applied, check probe for good 
contact at circuit point under 
test and for good contact with 
scope connector. Probe ground 
straps are frequent offenders. 

sure you are not having trouble with 
external equipment. Probes and 
leads take a beating, so be sure you 
are making good connection to the 
equipment under test. 

A little preventive maintenance 
can go a long way in keeping your 
scope in good working condition. 
One thing that will help immeasur- 
ably is to keep the controls of the 
scope clean. A dirty control (and 
if one is dirty, it is a pretty good bet 
they all are) can provide a multi- 
tude of symptoms such as erratic 
trace, bounce, etc. 

A quick check of the controls can 
be accomplished as follows: 

1. Turn the scope on, and adjust 
controls to provide horizontal 
trace across the CRT screen. 

2. Adjust the horizontal gain 
control slowly in such a man- 
ner as to cause the trace to 
spread completely across the 
screen, then decrease the trace 
(adjust the control) to a min- 
imum. The trace should move 
smoothly across the screen. 
Any jerky movement of the 
trace is indicative of a dirty 
horizontal control, or improp- 
erly operating horizontal sec- 
tion. 

3. Apply a 60 -Hz sine -wave sig- 
nal to the vertical input ter- 
minal. Adjust the controls to 
provide a visual indication of 
the input voltage. Run the 
vertical input selector switch 
through its various positions, 
adjusting the vertical gain po- 
tentiometer to keep the trace 
(as much as possible) within 
the confines of the CRT 
screen; if it does not move 
smoothly, cleaning of both 
switch and control is in order. 

4. Other controls (horizontal fre- 
quency, etc.) can be checked 
in the same manner by apply- 
ing an appropriate, known 
signal to the inputs. Adjust 
controls for a normal visual 
indication. Any jerky or ab- 
normal indication should be 
checked out. 

NOTE: A properly operating piece 
of equipment should be left alone, 
but any deviation from normal op- 
eration should be checked out at 
once. A little cleaning here and 
there can prevent a lot of trouble 
and insure that the equipment is 
ready when you need it. 
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VOLTS ARE WHERE THEY 

FIND 
YOU 

You probably haven't done much 
service work if you haven't been 
"zapped" a few times. Maybe they 
were pretty mild or possibly they 
were the real teethgrating, body - 
quivering, quick -jerk -to -escape type 
-the kind that keep you honest for 
a long time. The sources are many 
and varied, ranging from 110 volts 
AC to B + to Boost B + to the 
snapping 25 kv in the color sets. 
Unpleasantly sometimes, volts are 
prone to turn up in some of the 
least expected places, which means 
that most of us, at one time or 
another, absently touch a wire or 
a component or a cabinet, and then 
-Zap! 

Take one person I know, an 
experienced serviceman who really 
should have known better. He kept 
an AC/DC radio on the kitchen 
sink of his home, and the knob was 
missing from the tuning shaft. But 
Al was no fool. He simply moved 
the radio to the far end of the drain - 
board, nicely out of reach of the 
faucet, a perfect ground. We all 
know what a nuisance finding just 
the right knob can be and, after all, 
Al's was such an easy solution. 

And so one night Al stood idly 
tuning the radio as his wife busily 
washed the dinner dishes. An af- 
fectionate mood came over him and, 
still holding the unprotected shaft, 
he stretched over toward his wife 
to kiss her. She in turn leaned re- 
sponsively toward him, one hand 
resting on the faucet. Their lips met 
and -Zappo! Talk about kisses! 

I recall a real jolt I once caught 
while repairing an antenna. Who 
would have stopped to consider the 
probability of a shorted capacitor in 
the receiver? I subsequently found 
out-the hard way-that the culprit 
was one of the two RF bypass 
tubulars that shunt each side of 
the AC input. The set played fine, 
but unfortunately for me, the chassis 
was now hot, and the AC, obeying 

He who understands electricity and its potential, 
usually respects it. However, familiarity does breed 
contempt, and most of us are guilty at one time 
or another. 

by A. J. Dilles 

the laws of electricity, ran a devi- 
ous, crazy path from the chassis 
through the balun, through the twin - 
lead, through the antenna and 
through me to the vent which I was 
touching. Needless to say, I now un- 
plug the set before I climb on the 
roof. 

This experience was, of course, 
with a transformer -equipped set. On 
series -string models, the manufac- 
turer will generally isolate the an- 
tenna terminals from the tuner by 
inserting a small capacitor in series 
with each side. Whenever you have 
the back off such a set, it's a good 
idea not to bypass these capacitors 
by connecting the lead-in directly 
to the tuner. Remember that cable 
systems are almost always grounded, 
while a conventional antenna sys- 
tem may very well be. Thus, you 
could end up with a burned -out 
balun or-if you got between the 
lead-in and the chassis-a healthy 
jolt. If the tuner input lead must be 
removed, the problem can be solved 
very nicely by carrying in your tube 
caddy a short length of twin -lead 
with alligator clips at each end 
and an isolating capacitor in series 
with each side. 

Along the same line, I once made 
a service call where the owner com- 
plained of having been shocked by 
the rabbit ears. Even after the set 
was unplugged, he refused to touch 
them. I noticed that a wall heater 
was mounted directly beside the 
set. A voltage check confirmed that 
110 volts AC existed between it 
and the rabbit ears. Undoubtedly, 
the customer had touched them 
both simultaneously. A brief inspec- 
tion and subsequent questioning dis- 
closed that he had thriftily replaced 
a defective line cord himself, by- 
passing the interlock and soldering 
the ends directly under the chassis. 
He had allowed the sharp edge of 
the chassis to rest on the cord and, 
predictably, the metal had cut 

through the insulation and made 
contact with one of the wires. It 
was the same story: A hot chassis 
with current flow through balun, 
lead-in, and antenna to the most 
convenient ground-in this case, the 
wall heater. The customer's person 
had acted as the switch that closed 
the circuit. 

Other potential trouble spots are 
to be found in the metal cabinets 
that enclose the many transformer - 
less portables and table models, in- 
cluding some color sets. Standard 
manufacturing procedures call for 
insulating the chassis from the cab- 
inet by the use of nylon spacers. 
Here again the error factor some- 
times occurs, and the two may con- 
tact each other. Thus, if the plug is 
not polarized, a potentially lethal 
situation exists. You can help avoid 
this possibility by not using screws 
that are too long and that might 
extend beyond the nylon and touch 
the chassis. Also, inspect for loose 
wires, misplaced ground braids or 
missing spacers. And finally, before 
you button it up, make an ohmmeter 
check between the cabinet and the 
chassis, flexing the cabinet as you 
do so. 

Another, less serious, problem 
exists in residual voltages. Many a 
technician (not to mention custom- 
er) has felt a sharp jolt and rubbed 
a suddenly numb hand, suppressing 
what he would have said if the lady 
of the house had not been watching 
curiously. Capacitors will hold a 
charge-often a substantial one. 
Here the serviceman's best friend 
comes in handy-the common, ordi- 
nary, inexpensive clip lead. Before 
making any static checks, ground 
out the fuse holder and any exposed 
electrolytics. When changing high - 
voltage tubes, attach the clip to the 
high -voltage lead and leave it there 
till the tube has been substituted. 
Remember, even though the shock 
may only sting, it could cause you 
to tear open your hand as you jerk 
away. 

And so, the next time you trou- 
bleshoot a set, take that extra min- 
ute to be sure. If there's any ques- 
tion, use your meter to eliminate 
doubt. And be skeptical-don't take 
anything for granted. Don't just as- 
sume the set is unplugged. Think in 
terms of safety. Precautions pay off 
-especially when they become a 
habit. 
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I!f 171717771-7 [!1 

this is Your Year 
to play 
Politics 

"loud and clear" 
and there's no better way to do it than 
with commercial sound speakers from 
Oxford. Yes, this is election year .. . 

there'll be conventions, rallys, 
speeches by the hundreds. From 
Maine to New Mexico the nation will 
be wired for sound. Whether for indoor 
or outdoor use, convention hall or vil- 
lage green, Oxford has the speakers 
to let those election promises ring out 
loud and clear. Go ahead, play poli- 
tics, go Oxford. And do you know what 
... the candidates will love you! 

r1nu31nBIZIMIImMInM1io1 

OXFORD 
MEMBER 

A MA 

TRANSDUCER 
COMPANY 

A Division of 
Oxford Electric Corporation 

3911 S. Michigan Avenue 
Chicago, Illinois 60653 

PHOTOFACT" 
B QLLBTIN 

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 regular 
issues of PHOTOFACT Index Supplements issued in 
March, June, and September. 
Aiwa 

11T-05 940-1 
Bradford CWGE-55301A, 

CWGE-59576A 938-1 
Coronado TV2-6611A, TV2-6612A, 

TV2-6810A 941-1 
TV2-6613A, TV2-6615A, 
TV2-6616A, TV2-6811A 939-1 
TV2-7112A 938-2 

Electrohome 
Chassis M4 937-1 

Magnavox 
Chassis U/T916-01-AA 936-1 

Motorola 
Chassis 20TS-592, 22TS-592 941-2 

Packard Bell 
CRQ-310, CRQ-312 937-2 

Philco 
Chassis 18KT50, 18KT5OB 940-2 

RCA Victor 
Chassis CTC28A, CTC28AA, 
CTC28B 

Sears Silvertone 
Chassis 528.70480/481/482 

Shibaden 
TU 12ÚS 

Toshiba 
T2T, T2W (Ch. TAT -2002) 

Zenith 
Chassis 8Y4B36 

Production Change Bulletins 
Admiral 

936-2 

939-2 

93 8-3 

940-3 

936-3 

Chassis G308-3, G310-1/-2, 
G334-2, G344-1/-3, 
G346-1/-2/-3, G347-1/-3, 
G1255-4/-5, G1256-2, 
G1257-2, G1295-1 941-3 
Chassis 20B6CB, 20B6TB, 
2OUB6CB, 20UB6TB, 25E6, 
25F6, 25UE6 937-3 

General Electric 
Chassis AA, AY, MW (19"), 
MW (23"), SA 937-3 
Chassis SY, TA 939-3 

Silvertone 

Zenith 

Chassis 456/528.61227/ 
236/239 939-3 

Chassis 29JC20, 29JC20Q 939-3 
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nil: TEST 
EQIIIPñIBNT 

Transistor Tester 

One of the most attractively 
styled instruments to be marketed 
in recent months is Jackson's Model 
810 Dynamic Transistor Tester. It 
has a sloping edge on the front of 
the case, coupled with just the right 
touch of color present in the push- 
button switches. It's a real eye- 
catcher. Jackson is the first manu- 
facturer we've noticed using the new 
Centralab switches, but the latter 
are so versatile that we expect to 
see more of them in the future. 

Circuit -wise, the Model 810 uses 
an AC -beta test which is becoming 
somewhat of an industry standard. 
Fig. 2 is a simplified schematic of 
the beta test, with the tester set to 
read NPN transistors on the "HI" 
scale. The meter is reading collector 

analysis of test instruments 
... operation ... applications 
by T. T. Jones 

current. The internal resistance of 
the meter is 220 ohms, so the actual 
value of the collector load is about 
22 ohms (R8 and the meter in par- 
allel). Note that the base resistor 
is 220 ohms. The meter is set to 
fuIlscale by adjusting the power 
transformer primary voltage. The 
capacitors are in the circuit for by- 
passing and stability. 

When the "Beta Test" switch is 

depressed, the meter and R7 are 

117V 

50-60 
CY 

transposed. The collector load re- 
mains the same since R7 and the 
meter have the same resistance. The 
base bias remains the same, for the 
same reasons, but now the meter is 

reading base current, and since the 
meter is no longer shunted, the sen- 
sitivity is 10 times greater. If the 
deflection of the meter is the same 
in both positions of the "Beta Test" 
switch, the transistor under test 
would have a beta of 10. 

EMITTER BASE COLLECTOR 

Fig. 1. Jackson Model 810 transistor 
analyst is eye-catcher. Fig. 2. Beta testNPN HI range 
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One of a series of brief discussions 
by Electro -Voice engineers 

There is no room in today's small, light, stereo 
ceramic cartridges for sloppy tolerances or poor 
assembly. And as the design trend continues 
toward even smaller models, the need for im- 
proved uniformity and tighter tolerances in- 
creases. 

Of course, entirely new designs often will give 
the desired improvements in performance and 
uniformity. More often, however, the greatest 
progress can be seen in improvements of exist- 
ing products by the application of new techni- 
ques and methods. 

Such is the case with a popular 2 -element plug- 
in stereo cartridge now being produced by 
Electro -Voice. Even with the highest standards 
of manufacture and assembly, it became clear 
that improvements were necessary to optimize 
performance and reduce rejects. A study re- 
vealed that the primary problem centered about 
the proper orientation of the two ceramic ele- 
ments with respect to the needle cap and the 
cartridge shell. 

The original design called for a plastic molded 
needle cap, to be cemented to the elements 
using conventional cartridge assembly techni- 
ques. Despite great care in assembly, however, 
the desired level of uniformity could not be 
satisfactorily maintained in production. Another 
approach was needed. 

At this point, a new assembly technique was 
developed. The two ceramic elements are intro- 
duced directly into the cavity of the mold used 
to produce the plastic needle cap. Location of 
the elements is precise, and the additive effect 
of cumulative tolerances needed for cementing 
the separate parts is eliminated. An excellent 
Wand between the elements and the needle cap 
is achieved using normal thermoplastic materials 
in standard plastics molding equipment. 

The mold itself is unique only in that it in- 
cludes a removable holder for the elements, 
precisely machined to locate two close -tolerance 
ceramic elements so that the tips of the ele- 
ments extend a specific distance into the mold 
cavity, and at a specified angular relationship. 
The benefits of this new technique have been 
dramatic. Rejects have dropped to 1/3 their 
former level, and a larger percentage of com- 
pleted cartridges fall close to the design center 
when tested for both mechanical and electrical 
specifications. Improvements have been noted 
in more uniform lateral tip location, reduced 
tip lean, and more uniform needle set -down on 
turnover models. The improved angular orienta- 
tion and more uniform parallelism of the ele- 
ments has increased isolation of stereo signals, 
lowered distortion, and lessened differences in 
channel level. The net result has been a signifi- 
cant improvement in performance for the con- 
sumer without an increase in the cost of pro- 
duction. 

For reprints of the entire engineering discussions, 
write: ELECTRO -VOICE, INC., Dept. 383R, 
632 Cecil St., Buchanan, Michigan 49107 

gkeercekr: 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 

3 

AC 

LINE 

R SE COLLECTOR 

Fig. 3. Leakage test-NPN range. 

The leakage test is shown in Fig. 
3. This circuit is also quite simple 
since it is nothing more than a con- 
tinuity test of the Base -Collector 
junction. Note though, in the photo 
(Fig. 1), that the leakage scale is 
linear to a midscale reading of 100 
microamps, and then becomes semi - 
logarithmic in the second half, to a 
fullscale reading of 5 milliamps. 
This is accomplished by CR4 and 
R5. Remember that most diodes do 
not conduct until a certain amount 
of forward bias is applied-usually 
about 0.5 volt. They then con- 
duct in a semi -logarithmic fashion. 
If CR4 is chosen so that it just be- 
gins to conduct when the meter is at 
midscale, it will take an increasing 
share of the current as the current 
is increased. 

Fig. 4. The signal generator stage. 

Jackson Model 810 
Specifications 

Tests Performed 
Transistors: 

Beta 2-100, 10-500 in- or out - 
of -circuit, signal or power. 
Leakage 0-5000 µa Wes = 4V). 

Diodes: 
Open or short in -circuit. Forward 
and reverse current out -of -circuit. 

Signal generator output: 
8.5 VPP semi -square wave. 

Power Requirements: 
117 VAC 21 watts. 

Size (HWD): 
71/2" 

Weight: 
41/2 pounds. 

Price: 
$89.95. 

The Model 810 also has a built-in 
signal generator which can be used 
in a variety of troubleshooting appli- 
cations. The output signal is a 
semisquare wave with a considerable 
amount of frequency modulation. 
Since the shape of the output is quite 
complex, it can be heard on the 
speaker even when injected into an 
AM RF stage. The manufacturer 
claims the fundamental frequency is 
about 3500 Hz, but we synced it on 
a scope at about 20 kHz. To further 
confuse matters, when we injected 
the output in an audio amplifier we 
got a zero beat at about 600 Hz, so 
we can't really say what the funda- 
mental frequency is. Regardless, 
the generator does the job for which 
it was intended-it feeds through 
most any amplifier stage and you 
can hear a signal in the speaker if 
the stages are good. 

New VTVM 

A recent addition to the Precision 
Apparatus test equipment line is the 
Model V-95 VTVM, shown in Fig. 
5. This VTVM is the first of a new 
generation of instruments carrying 
the Precision Apparatus name, and 
it's quite different from their earlier 
equipment. 

It's immediately apparent that the 
engineers were as much style -con- 
scious as they were concerned with 
producing an instrument which is 
functional. The case is a very heavy 
gauge vinyl -clad steel, and the vinyl 
carries a walnut -grain pattern. It ap- 
pears as though the whole instrument 
was designed around the meter 
movement, as about 1/2 of the front 
panel is occupied by the meter. The 
Model V-95 should make a very 

Fig. 5. Precision Apparatus Model V-95 
VTVM is first to carry name. 
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Fig. 6. Simplified overall schematic. 

good bench instrument, because of 

the very large meter, and because 
it weight over 6 pounds. Since it's 
quite heavy, it should stay where 
you put it, and not slide all over 
the bench (or onto the floor) the 
first time you stretch the leads. 

The circuit (Fig. 6) is the stand- 
ard balanced bridge. Not shown in 

the simplified schematic are the 
ohmeter and AC circuits; the latter 
is a 6AL5 in a peak -to -peak de- 
tector. The Model V-95 has a 0.5 - 
volt DC scale which should be quite 
useful for transistor servicing, and 
at the other end of the range is a 

1500 -volt DC scale, useful on color 
receivers. An accessory probe is 

available to extend the DC ranges 
to 60 kV; also available is an RF 
detector probe which is useful to 
250 MHz. The normal AC response 
is ± 1 dB from 40 Hz to 4MHz. 

Precision Apparatus 
Model V-95 

Specifications 
DC Voltmeter 

Ranges: 
0-.5-1500 in a 5-15 sequence. 

Input resistance: 
11 megohms. 

Accuracy: 
±3% fullscale. 

AC Voltmeter 
RMS ranges: 

0-1.5-1500 in a 5-15 sequence. 
P -P ranges: 

0-4-4000 in a 4-14 sequence. 
Accuracy: 

±5% fullscale. 
Response: 

±-1 dB, 40 Hz -4 MHz 
dB scales: 

-6 to + 66 dBm. 
Ohmmeter: 

0-1000-1000 Meg (10 center). No 
battery required. 

Power Requirements: 
105-125 VAC. 

Size (HWD): 
71/2" X 8" X 4". 

Weight: 
61/4 pounds. 

Price: 
$79.95. 

Reward 
for the recovery of each of these shunt regulator t 

6EA4 6EF4 6LC6 
(white branded) 

ubes 

In early 1967, General Electric started a modification program 

to eliminate the possibility of soft downward x-radiation emission 

from some of its large screen color television receivers. This modifica- 

tion program, which involved replacement of the obsolete regulator 

tubes pictured above, is now complete except for a very few receivers 

which have not yet been located. 
A second program is under way to encourage service techni- 

cians to replace the obsolete tubes in other models where they are 

present, even though the possibility of downward emission does not 

exist in these models. This program, which offers a $5 reward plus 

a new replacement tube, can add to your earnings. To participate, 
you should be on the lookout for these three tube types whenever 

you service any large screen General Electric color receivers. Return 
the recovered tubes with the customer's name and address to any 

General Electric television distributor, or mail to: 
General Electric Product Service Section 
Northern Concourse Building 
N. Syracuse, New York 13212 

To promptly receive your free tubes and the reward, be sure to include 

your name and address. 
A third program to recall all of these obsolete tubes from the 

replacement tube market is nearing completion. Should you still have 

unused tubes bearing these numbers in your shop or truck, send 

them to: 
General Electric Company 
P.O. Box 1008 
Owensboro, Ky. 42301 

You will receive a check in the amount of 50% of the lb 

plus transportation expense for each tube returned. 

GENERAL ELECTRIC 

t price 
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B&K MODEL 970 RADIO ANALYST 

SERVICE AM & FM 
AUTO AND TRANSISTOR RADIOS 

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

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

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

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

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

FEATURES: 
BUILT-IN POWER SUPPLY 
Auto Radios-High current, low -ripple, for 
transistor, hybrid, and vibrator types. 
Transistor Portables -11/2 to 12 volts for 
battery substitution-plus separately vari- 
able voltage tap for bias. 

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

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

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

SEE PHOTOFACT Set 798, Folder 2 

Mfr: Motorola 

Chassis No: STS-914YA, B 

Card No: MO 914Y-1 

Section Affected: Color pix. 

Symptoms: No control of hue on color pix. 
hue remains unchanged. Black -and -white pix 
normal. 

Cause: Shielded cable connected to hue con- 
trol defective. Also, check 3.58 -MHz crystal. 

What To Do: Replace shielded cable con- 
nected to R2. 

MOTOROLA I 

BURST 2 

AMP 

2.2pf 

NPO 

±.25 

150V 

100K 

84 

L26 TERMINAL 3 

GUIDE 
2H 

1 

2(` 

75pf 

1,152 

CHROMA 
AMP 

_1V 
2 

7 

HUE 
75000 

Mfr: Motorola 

Chassis No: STS-914YA, B 

Card No: MO 914Y-2 

Section Affected: Raster. 

Symptoms: No high voltage. No 150 -volt out- 
put t'roni low -voltage supply. 

Couse: Open resistor in 150 -volt line of low - 
voltage supply. 

What To Do: Replace R207 (2.2K ohm, 10 
watt) . 

.01 

150VAC 
mfd 

1.45 
47 

.01 - 
Pifd 

160mfd 

370V 

SOURCE 

240V 

SOURCE 

150V 

220052 SOURCE 
10W 

50mfdd 

20mfd 

Mfr: Motorola 

Chassis No: STS-914YA, B 

Card No: MO 914Y-3 

Section Affected: Sync. 

Symptoms: Vertical sync drifts after set warms 
up. 

Cause: Leaky feedback capacitor in grid cir- 
cuit of vertical multivibrator. 

What To Do: Replace C69 (.01 mfd). 

94K 

T.001mfd ¡' 

56K 

.001 mfd 

K2 

j_.Olmfd 1 

T10+s -45V 
9 

. oo1L 

SYNC SEP 

470K 
.04V 

1 HEIGHT 
750K 

VERT OUTPUT 

VERT MULI (-VERT OUTPUT 

.039mfd 

6BL8 
160V 

8 5 

005mfd 

15K i 
. 039 mf d 10000 

VERT 

OUTPUT 

2.2meg 

VERT VERT 1.5meg 390K VERT 

CLAMPER SIZE LINEARITY 

3.9meg 620V 
BOOS' 

15K 
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IMOTOROLA VIDEO SPEED SERVICING 

3 

L17 

TERMINAL 
GUIDE 

SOUND IF DET 

v7 6BL8 r 
A 

_.002 
mfd 

NC 

15V 4 

56K 

2 

3 

470K 

L + L 

,lOmfd 

3RD VIDEO 
IF PLATE 

140V 

15K 

240V 

SOUND 

SOUND IF 
AUDIO DEI 
AUDIO OUTPUT 

VIDEO 

AMP 2 t t 

L20 

TERMINAL 
GUIDE 

22K 

1ST CHROMA BANDPASS AMP 

6DX8/ECL84 
A 

47K 

. 01 

=mfd 

240V 

470K 

Olmfd 

I 
S2 (COLOR) 

2ND INTENSITY 
CHROMA 

1.44 BAND PASS 
15000 AMP BURST AMP 

1S2 

1ST CHROMA 
BANDPASS AMP 

(COLOR) 1.40 
INTENSITY 
15000 

COLOR 
KILLER 

5hOpí 2ND CHROMA 
BANDPASS 

AMP CONTROL 

GRID 

120K 

1800 

SEE PHOTOFACT Set 798, Folder 2 

Mfr: Motorola 

Chassis No: STS-914YA, B 

Card No: MO 914Y-4 

Section Affected: Sound. 

Symptoms: Intermittent, crackling sound. Volt- 
age fluctuates on cathode (pin 8) of sound 
IF detector. 

Cause: Overheated resistor in cathode circuit 
of V7A, sound IF detector-may even burn 
open. 

What To Do: Replace R74 (390 ohms) and 
check V7 for shorts. 

Mfr: Motorola 

Chassis No: STS-914YA, B 

Card No: MO 914Y-5 

Section Affected: Color pix. 

Symptoms: Color unstable in pix. Black -and - 
white pix normal. Voltage at cathode (pin 3) 
of 1st chroma bandpass amplifier normal. 

Cause: Choke in cathode circuit of V14A 
opens intermittently. 

What To Do: Resolder connections to L21, 
or replace coil if defective. 

Mfr: Motorola 

Chassis No. STS -914 YA, B 

Card No: MO 914Y-6 , 

Section Affected: Color pix. 

Symptoms: No color pix. Black -and -white pix 
normal. 

Cause: Defective shielded cable leading to 
intensity control. 

What To Do: Replace shielded cable. 
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VIDEO SPEED SERVICING ZENITH t 
SEE PHOTOFACT Set 869, Folder 3 

Mfr: Zenith 

Chassis No: 25NC37 

Card No: ZE 25NC37-7 
Section Affected: Raster. 

Symptoms: Bright screen; no control of bright- 
ness level. 

Cause: Open video output plate load resistor. 

What To Do: Replace R145, (7.5K ohms, 
5W ). 

VIDEO 0 OUTPUT 

12GN7 
7 220V 

2700 

110V 

74 

12K 

22K 4mfd 

2W = 

240V 

CONTRAST 

CONTROL 

NORMAL 

S2 

o 
SET-UP 

CRT 

CATHODE 

75000 CIRCUIT 
5W 

120 

335V 

Mfr: Zenith 

Chassis No: 25NC37 

Card No: ZE 25NC37-8 

Section Affected: Color. 

Symptoms: Color far out of phase. 

Cause: Defective capacitor in color killer phase 
detector. 

What To Do: Replace C108 or C109 (dual 
section, .001 mfd) . 

1ST CHROMA 
BANDPASS 

.47pí AMP 

BURST 
AMP 

BURST 

AMP 

COLOR KILLER 

PHASE DET 

®A 6JU8A 
3 

2 

OV 54 

---- l 
.22pf 

CHROMA 
REFERENCE 

OSCILLATOR 
OUTPUT 

120V 

-100V 

`riw B 

( 
.001mfd 

A 
. 001 mfd 

2. 2 

meg 

2. 2 

meg 

1ST CHROMA 
BANDPASS 

AMP 

A ` B 

.001 ,.001 

CHROMA SYNC 

PHASE DET 

®B 6JU8A ov 
7 

95V 

me9 90V 9 4 

CHROMA 
REFERENCE 

2.2 OSC 

meg CONTROL 

8 

2.2 

mfd mfd 

Mfr: Zenith 

Chassis No: 25NC37 

Card No: ZE 25NC37-9 

Section Affected: Sound. 

Symptoms: Buzz in sound. 

Cause: Open feedback coupling capacitor in 
sound detector circuit. 

What To Do: Replace C42 (2.2pf, 5% ). 

SOUND 
IF BLUE 

I6 
180 

i 

Pf 

p .1521 

1 

AUDIO 

V8 
DET 

GRN A 6Z10 

100 

Pf 

001 mfd I 
vw 

15K 

BLK 

7 

OV 
8 

2.5V 

2.2pf ; 5% 

4 90V 
5 OV 

6 -6 

12 75V 

Pf 

4 

SOUND BUZZ 1 
TAKE-OFF 7500 

22K 

240V 
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I ZENITH VIDEO Sek 121 SERVICING 

1ST CHROMA 
BAAMP55 

HORIZ OUTPUT 
TRANSFORMER 

V 

BURST AMP 

6JC6 
7 330V -L 12pf . I 2 

9 g I N1500 23p 

1000 

) 
5flh 

1-3 

45V 

5 4 

330V 4 A 

74 r- 3 

27K 

.047 
mfd 

56004 

340V 

.Olmfd 

COLOR KILLER 
AND 

CHROMA SYNC 
PHASE 

DETECTORS 

HUE 

10005' 

.D1mfd 
IKV 

1ST 

CHROMA 
BANDPASS 

AMP 

HORIZ 

OSC 

330K 

2ND CHROMA 
BANDPASS AMP 

3.7Q 9 
-15VI'i 

1 (.001 
mfd 

150K 

COLOR 

KILLER 2meg 

6JC6 
71 235V 

2 

1-3 

OV 

COLOR 

LEVEL 

5004 

.01- *Ü 
mfd CATH BIAS - REGULATOR 

4 

X 

5 

8 

150V 

100K I Ol mfd 

CHROMA 
DEMOD 

.001 mfd 

56000 

240V 

1504 T, 01mfd 

CHROMA 

SYNC 

PHASE 2.60 P2004 2 

DETECTOR =.001 1 

mfd 3.5V 

CHROMA 

REFERENCE 

OSC CONTROL 

6KT8 

240 

VOLTS 

.01 
mfd 

Ol 
2204 

= mfd 

5V 

CHROMA 

REFERENCE 

OSC 

220pf 

4.1Q 

01mfd 
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SEE PHOTOFACT Set 869, Folder 3 

Mfr: Lcnith 

Chassis No: 25NC37 

Card No: ZE 25NC37-10 

Section Affected: Color. 

Symptoms: Poor color sync; raster tinted green 
when receiver properly fine-tuned. 

Cause: Open grid bypass capacitor in burst 
amplifier circuit. 

What To Do: Replace C 102 (.047 mfd). 

Mfr: Zenith 

Chassis No: 25NC37 

Card No: ZE 25NC37-11 

Section Affected: Pix. 

Symptoms: Color killer inoperative 

Cause: Shorted bias regulator diode in grid 
circuit of 2nd chroma bandpass amplifier. 

What To Do: Replace X8, bias regulator. 

Mfr: Zenith 

Chassis No: 25NC37 

Card No: ZE 25NC37-12 

Section Affected: Color. 

Symptoms: No color, or intermittent color. 

Cause: Open coil in grid circuit of chroma 
reference oscillator control. 

What To Do: Replace L24. 
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ART 2 

Part 1 of this article began with 
an analysis of the evolution and op- 
eration of the basic AC and DC 
bridges, then focused attention on 
the resistance measuring bridge. Part 
2 continues our review of bridge 
circuits with a discussion of ca- 
pacitance- and inductance -measuring 
bridges. 

Capacitance Bridges 

The capacitance bridge is similar 
to the resistance bridge in configura- 
tion and operating principle, the 
chief difference being the presence of 
capacitors in two or more of the 
bridge arms. Unlike the resistance 
bridge, the capacitance bridge is al- 
ways an AC device. 

For a long time, the capacitance 
bridge was the only means of mea- 
suring capacitance accurately and 
quickly without calculations. As a 
group, capacitance bridges cover a 
range extending from a few tenths 
of a picofarad to several thousand 
microfarads. 

The descriptions in this article 
progress from the simple slide -wire 
type of bridge through the more 
complex types which are in com- 
mon use. Similarities between these 
bridges and their resistance -measur- 
ing counterparts will be apparent. 

Basic Slide -Wire 

Fig. 10 shows the most rudi- 
mentary type of capacitance bridge, 
the basic slide -wire type. This cir- 
cuit is seen to be similar to the basic 
slide -wire resistance bridge described 
in Part 1 of this article. Here, Cx 
is the unknown capacitance, Cs the 
standard capacitance; the balancing 
device is the slide -wire - a single 
strand of resistance wire of uniform 
cross section, stretched taut between 

A continq for exceptionally accurate 
measurement ch electrical quantities as 

resistance, ca itance and inductance has sus- 

tained the use of this relatively old circuit Thi 

two-part article will refresh your knowled_ 

the various designs and applications of the bri 

terminals A and B or wound around 
a form having a circular cross sec- 
tion, and provided with a sliding 
contact. An AC generator (e.g., an 
audio oscillator) and an AC detector 
(e.g., VTVM or oscilloscope) are 
connected to the GEN and DET 
terminals, respectively. Transformer 
coupling is advisable. 

The circuit is balanced by moving 
the slider between A and B to locate 
the null. At null : Cx = Cs (R2/R1). 
Thus, the unknown capacitance is 
found by multiplying the standard 
capacitance by the resistance ratio 
established by the position of the 
slider along the wire. Note that the 
resistance fraction in the equation is 
inverted with respect to its counter- 
part in the slide -wire resistance - 
bridge equation given in Part 1. This 
results from the fact that in reality 
the reactance, not the capacitance, 
of Cx is balanced against the re- 
actance of Cs (i.e., Xcx/Xcs = 
R 1 /R2) . It also accounts for the 
fact that null points for the higher 
capacitances occur near point A, and 
those for the lower capacitances near 
point B (the reverse of the situation 
in the resistance bridge) . 

Neither the total resistance (R1 -f- 

R2) of the slide wire nor the indi- 
vidual values R1 and R2 need be 
known in order to make a Cx mea- 
surement. The calculation may be 
made in terms of distances D1 and 
D2 measured along the slide wire in 
centimeters, inches, or arbitrary lin- 
ear units. Thus : Cx = Cs (D2/D1). 
From the balance equations, it is 
seen that null occurs halfway be- 
tween A and B when the unknown 
capacitance equals the standard ca- 
pacitance, to the left of this center 
point when Cx is greater than Cs, 
and to the right of center when Cx 
is less than Cs. To change the capaci- 

BYRUFUS P 
44t.4 

tance range, one needs only to 
change the value of the standard 
capacitance Cs. 

Like the slide -wire resistance 
bridge, this type of capacitance 
bridge has the advantages of sim- 
plicity and relative economy. It re- 
quires few components and needs 
no capacitance or resistance calibra- 
tion if the aforementioned equation 
is used. And it is convenient for 
emergency measurements, as it re- 
quires only a standard capacitor, a 
length of resistance wire (stretched 
over a meter stick, yardstick, or 
other linear scale), and a generator 
and detector-all usually available 
in the laboratory or shop. A disad- 
vantage is the failure of the circuit 
to give a complete null (absolute 
zero balance) unless the losses in the 
unknown capacitor equal those in the 
standard capacitor. 

Slide -Wire with potentiometer 

A more compact version of the 
slide -wire capacitance bridge, like 
the similar version of the resistance 
bridge, substitutes a wirewound po- 
tentiometer for the slide wire. Fig. 
11 shows this arrangement. 

cX 
c 

S 

DFT 

RESISTANCE WIRE SLIME? 

Rl R2 

D1 'f-- D2 -- 

GEN 

Fig. 10. Basic slide -wire bridge used 
for measuring capacitance. 
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DET 

R3 

R1 R2 

GEN 

Fig. 11. Slide -wire capacitance bridge 
employing wirewound potentiometer. 

In this circuit, the balancing po- 
tentiometer has a total resistance R3. 
At any setting, R3 = R1 + R2, the 
resistance between the contact blade 
and the low end, and the contact 
blade and the high end, respectively, 
of the resistance element. Resis- 
tances R1 and R2 determine the 
bridge ratio. 

At null, the unknown capacitance 
(Cx) is determined from the stan- 
dard capacitance (C5) and the re- 
sistance ratio: Cx = Cs(R2/R1). 
The potentiometer dial may be cali- 
brated to read directly in picofarads 
or microfarads by locating the null 
points for a number of known capac- 
itances connected successively at Cx. 
It may also be calibrated with the 
aid of the equation, in terms of mea- 
sured R1 and R2 values. If the po- 
tentiometer dial reads directly in re- 
sistance setting (as the dial of a 
multiturn potentiometer often does), 
the unknown capacitance may be 
calculated with reference to that set- 
ting by using the formula Cx = Cs 

cx 

R2 

C1 

C2 O.00lEmfd 

[(R3 -R1)/R1] 
where, 

R1 is the resistance setting indi- 
cated by the dial, 

R3 is the total resistance of the 
potentiometer. 

Like the basic slide -wire bridge, 
the potentiometer -type circuit is sim- 
ple and economical. However, it has 
three disadvantages: (1) because of 
stray capacitances in the circuit, Cx 
values lower than 100 pf cannot be 
measured accurately; (2) unless the 
potentiometer has a special taper, 
such as logarithmic, the graduations 
will crowd at the ends of the dial, 
seriously impairing accuracy, and 
for that reason the capacitance range 
with any one standard capacitor Cs 
should not exceed 0.1 to 10 times 
Cs, even though the potentiometer 
can afford a wider range; and (3) a 
complete null occurs only if losses in 
the unknown capacitor equal those 
in the standard capacitor. 

The degrading effect of stray ca- 
pacitances in the useful ranges of 
the bridge may be reduced somewhat 
by keeping the potentiometer resis- 
tance, R3, reasonably low - say 
5000 ohms. Also, the wasted ends of 
the potentiometer in the simple cir- 
cuit may be resolved by means of 
extension arms (such as R1 and R3 
in Fig. 12) which allows the useful 
100:1 capacitance range to be spread 
over the entire resistance range of 
the potentiometer. 

Practical Slide -Wire Bridge 

Fig. 12 shows the circuit of a prac- 
tical bridge using a 5000 -ohm wire - 
wound potentiometer (R2) as the 

5K 100 

GEN 

Fig. 12. Practical slide -wire bridge for measuring capacitance. 

RANGES 

A. O. 0001-0. 01 mfd 

B. 0. 01-1 mfd 

C. 1-100mfd 

balance control. This bridge covers 
the range 100 pf to 100 mfd in three 
steps: 100 pf -0.01 mfd, 0.01-1 mfd, 
and 1-100 mfd. The capacitance 
ranges are selected by switching in 
standard capacitors (C1, C2, C3) . 

The 100 -ohm noninductive resistors 
RI and R3 provide the extension 
arms explained in the analysis of the 
basic potentiometer -type slide -wire 
bridge. 

Any convenient test frequency 
may be employed, up to about 5kHz. 
Best stability is obtained when the 
generator is coupled to the bridge 
through a shielded transformer. It 
is advisable also to insert a trans- 
former between the bridge and the 
detector; however, this second trans- 
former may be omitted if the first 
one is used, especially if the lower 
DET terminal is grounded. 

This bridge may be calibrated by 
balancing it with a number of ac- 
curately known capacitors connected 
successively to terminals X -X, and 
inscribing the potentiometer dial ac- 
cordingly. Only one range need be 
calibrated in this manner; the others 
will track if accurate values are used 
at C 1, C2, and C3. Thus, the lowest 
range (0.0001-0.01 mfd) may be 
calibrated, and the A, B, and C set- 
tings of switch S1 used to multiply 
this basic range by 1, 100, and 
10,000, respectively. 

The null balance is sharp if losses 
in the capacitor under test equal 
those in the standard capacitor (C1, 
C2, C3) . Since high -quality capaci- 
tors customarily are used as stand- 
ards, this usually means that a sharp 
null is obtained with low -loss test of 
significant losses in the capacitor 
under test. 

Power -Factor Balance 

The preceding sections explained 
that a complete null is impossible 
with a simple slide -wire bridge unless 
the losses in the unknown and stan- 
dard capacitors are equal. The reason 
for this is the complex nature of the 
capacitor as an impedance network 
(resistance and capacitance in com- 
bination, the resistance component 
representing the losses). When the 
unknown and standard capacitors 
are of the same kind and magnitude, 
and when their equivalent imped- 
ances are the same in all respects, 
then a complete null may be ob- 
tained. Separate balances are re- 
quired for the resistive and reactive 
components. 
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cs 
POWER 

FACTOR 

BALANCE 

R1 

DET 

EXTENS ION ARM EXTENSION ARM 

R2 / R3 R4 

CAPACITANCE 
BALANCE 

GEN 

Fig. 13. R1 in series with Cs balances 
power factor of capacitors. 

It is convenient to express the re- 
lation between losses (resistive com- 
ponent) and capacitance (reactive 
component) as the power factor of 
the capacitor. Numerically, power 
factor pf = R/Z = cosine of the 
phase angle of the equivalent RC 
network. The highest value which 
power factor can reach is 1 (also 
expressed as 100%) . A low -loss 
capacitor therefore has a very low 
power factor. Capacitor quality may 
be expressed also as the quality fac- 
tor Q = Xc/R = tangent of the phase 
angle, or as the dissipation factor 
D = R/Xe = cotangent of the phase 
angle. A low -loss capacitor has a 
high Q and low D. 

CAPAC ITANCE 
BALANCE 

POWER 

FACTOR 

BALANCE 

In somewhat more specific terms, 
the original statement may be ex- 
pressed in the following way: A com- 
plete null is obtained only when the 
power factor, Q, or D of the un- 
known capacitor equals that of the 
standard capacitor. When these fac- 
tors are unequal, as they almost 
always are in practice, enough resis- 
tance can be added in series(or 
sometimes in parallel) with the low - 
loss capacitor and thus make it 
equivalent to the higher -loss capaci- 
tor( usually the standard) to in- 
crease its power factor (reduce its 
Q) and thus make it equivalent to 
the higher -loss capacitor. Fig. 13 
shows this arrangement. Here, rheo- 
stat Rl is adjusted to improve the 
null. Additional adjustments of R1 
and R3, alternately, will give com- 
plete null (dip to zero). The resis- 
tance of R l does not enter into the 
calculation of unknown capacitance. 
Nor does the resistance of R3 enter 
into the calculation of power factor. 

For complete null, the resistance 
of R1 must be adjustable to the 
equivalent series resistance of the 
unknown capacitance, C. A dial at- 
tached to this rheostat may be cali- 
brated to read directly the power 
factor (shown either as a decimal or 
as a percentage;) however, this dial 

Fig. 14. Universal bridge employing power factor balance control. 

will read correctly only at the cali- 
bration frequency. All complete ca- 
pacitance bridges are equipped with 
such a power, Q, or D balance. 

Under some circumstances, resis- 
tive balance may be obtained also 
by means of a rheostat in parallel 
with the standard capacitor. This 
method works best when the dissi- 
pation factors of the unknown capac- 
itor is higher than 1, particularly 
when the unknown capacitor has a 
significant equivalent parallel resis- 
tance (as in electrolytic capacitors). 
It tends sometimes to broaden the 
capacitance null. 

Fig. 14 shows how a power -factor 
balance rheostat is included in a 
universal bridge so that it may be 
switched in series with either the un- 
known or standard capacitor, which- 
ever has the lower power factor- 
i.e., the lesser resistance as related to 
capacity. (A universal bridge is a 
skeleton -type instrument to which 
unknown and standard resistors, ca- 
pacitors, or inductors may be con- 
nected.) Such a bridge is convenient 
for checking an unknown (Cg) 
against any available capacitor (Cs) 
whose capacitance is known, but not 
necessarily its power factor. When 
switch S1 is in position A, the power - 
factor rheostat (R3) is in a series 
with standard capacitor Cs; when 
SI is in position B, rheostat R3 is in 
series with unknown capacitor C. 
Capacitance Comparison Bridge 

"I he simplest and perhaps most 
common capacitance bridge merely 
substitutes capacitance arms for two 
of the resistance arms in the Wheat- 
stone bridge, retains the other two 
resistance arms to complete the basic 
circuit, and adds a power -factor bal- 
ance. Because of the similarity of the 
two bridges, the capacitance type 
is sometimes familiarly called a 

POWER 

FACTOR 
BALANCE 

R1 

CAPACITANCE 
BET 

BALANCE 

R2 R3 

GEN. 

Fig. 15. Capacitance comparison bridge 
is similar to Wheatstone design. 
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"Wheatstone capacitance bridge," 
but the term "capacitance compari- 
son bridge" appears most often in 
technical literature. 

The comparison bridge overcomes 
many of the shortcomings of the 
slide -wire bridge, principally the dial 
crowding and lower -capacitance limit 
of the latter instrument. Fig. 15 
shows the basic circuit of the com- 
parison bridge. Here the bridge ratio 
(R3/R2) is established by fixed 
resistor R3 and the capacitance - 
balance rheostat, R2. A second rheo- 

FIRST WITH 
Digital Integrated Circuits 
4 Crystal -Controlled 
Oscillators 
Battery & AC Operation 
Standard 

e 
The New Pace -Setting 

CONAR Model 680 

COLOR 
GENERATOR 
KIT $83.50 WIRED $114.50 

Until now, no commercially 
available color generator has 
offered so many quality fea- 
tures in a single instrument at 
such a low price. Only the 
CONAR COLOR GENERA- 
TOR has all these features at 
any price: exclusive digital 
integrated circuits; exclusive 
4 crystal -controlled oscillators; 
exclusive AC or battery opera- 
tion standard; completely solid 
state; color amplitude control; 
color phase adjustment; regu- 
lated power supply; stability 
control; TV station sync and 
blanking pulses; nine patterns; 
red, blue and green gun killers; 
compact; lightweight; portable. 

For details write Dept. CO8C 

CONAR instruments 
DIVISION OF NATIONAL 
RADIO INSTITUTE 
3939 Wisconsin Ave., 
Washington, D.C. 20016 

WRITE FOR 
FREE CONAR CATALOG 

CS 

POWER 

FACTOR BALANCE 

CF 

DC VOLTAGE INPUT 

Rl 

DET 

CAPACITANCE 
BALANCE 

GEN 

CS Rl 

POWER 

FACTOR 

BALANCE 

R2 

DET 

R3 

(A) DC in series with AC 

Fig. 16. Both AC and DC voltages must 

stat, R1, provides the power -factor 
balance. At null: Cx = Cs(R3/R2). 

DC Polarizing Voltage 

The capacitance of an electrolytic 
capacitor is not the same with and 
without a DC polarizing voltage. The 
direct application of an AC signal to 
an unpolarized electrolytic capacitor, 
besides giving false readings, is also 
damaging because of polarity revers- 
al. Moreover, the capacitance varies 
with the magnitude of the DC volt- 
age. The same is true of a capacitor 
having a nonlinear ceramic dielectric. 

Such capacitors must be measured 
with their normal DC working volt- 
age applied simultaneously with the 
AC bridge signal voltage. Fig. 16 
shows how the AC and DC voltages 
may be applied to a typical capaci- 
tance bridge. In Fig. 16A, the DC 
voltage is in series with the gener- 
ator AC voltage. Capacitor CF offers 
a low -impedance path to the AC 
signal. 

Note that a capacitor (Cx, Cs) 
sets up a DC block in each branch 
of the bridge circuit, preventing a 
short circuit of the DC supply. How- 
ever, the DC voltage is impressed 
upon standard capacitor Cs, as well 
as upon unknown capacitor Cx, and 
the standard capacitors must be 
rated to withstand safely the maxi- 
mum DC voltage which may be 
applied to the bridge. 

In Fig. 16B, the DC voltage is ap- 
plied across unknown capacitor Cx. 
This arrangement is often used with 
bridges having no provision for a 
polarizing voltage, since an external 
DC supply may easily be connected 
to the X -X terminals. Choke coil L 
(30 henrys or higher) prevents the 
DC supply from short-circuiting the 

CAPACITANCE 

BALANCE 

GEN 

M 

DC VOLTAGE INPUT 

(B) DC applied across Cx 

be used when measuring some capacitors. 

AC bridge signal. A DC milliam- 
meter, M, may be inserted to indi- 
cate leakage current of the unknown 
capacitor. Capacitor C provides DC 
blocking to protect the null detector. 
In this arrangement, the output ca- 
pacitance of the DC power supply 
must be negligible with respect to 
the capacitance being measured; 
otherwise, it must be subtracted 
from each measured Cx value. The 
DC voltage must be free from rip- 
ple, or the ripple frequency will 
interfere with the AC signal and 
obscure the bridge balance. 

Substitution Method 

The difficulty of accurately mea- 
suring capacitances lower than 100 
pf with some bridges, because of 
stray capacitances, has been men- 
tioned in previous sections. Low val- 
ues may be measured satisfactorily, 
however, with any bridge by using 
the substitution method, a process 
which automatically compensates for 
strays. 

Fig. 17 shows a conventional ca- 
pacitance bridge adapted to the sub- 
stitution method by addition of a 

cX 

AUXILIARY o 
CAPACITANCE DET 

BALANCE 

R2 

MAIN CAPACITANCE 
BALANCE 

GEN 

POWER 

FACTOR 

BALANCE 

R1 

R3 

Fig. 17. Substitution method permits 
measurement of low values. 

Circle 28 on literature card 
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calibrated variable capacitor, Cg, 
connected to the unknown terminals, 
X -X. This capacitor is usually a 100 - 
or 1100 -pf air type having a dial 
reading directly in picofarads. In all 

other respects, this bridge is identical 
to the one shown in Fig. 15. 

A four -step procedure is em- 
ployed: 

1. With no unknown capacitor 
(Cx) connected to terminals X -X, 
variable capacitor C is set to its 
maximum capacitance (C,,), and 
the bridge then balanced in the reg- 
ular manner by adjustment of R2 
and R l . Hence, R2 is not disturbed. 

2. The unknown capacitor next 
is connected to terminals X -X by 
the shortest possible leads. This adds 
capacitance and accordingly unbal- 
ances the bridge. 

3. The bridge is rebalanced by 
setting variable capacitor C to a 
lower capacitance (C,,) and read- 
justing power -factor balance Rl. 

Finally, the unknown capacitance 
is calculated from the two settings of 
the variable capacitor: Cx =C, - 
C,,. In this way, capacitances of less 
than 0.1 pf are measured with good 
accuracy. If long connecting leads 
are unavoidable, the bridge may be 
initially balanced in Step 1 with the 
leads connected to X -X and in the 
same position they will have when 
connected to the capacitor C,. Then 
the capacitor is connected for the 
remaining steps. 

A practical advantage of the sub- 
stitution method is the ease with 
which it may be used with any ca- 
pacitance bridge Thus, a dial -cali- 
brated variable air capacitor may be 
connected externally to the unknown 
terminals of any bridge, provided 
that short rigid leads are used and 
that the four -step procedure de- 
scribed previously is employed. 

In commercial substitution 
bridges, the variable capacitor dial 
sometimes is graduated with zero 
at the maximum -capacitance setting 
of this capacitor, and with maximum 
capacitance at the zero -capacitance 
setting. The initial balance with R2 
(see Step 1 above) then becomes a 
zero adjustment, and after rebalance 
(Step 3) the dial reads Cx directly 
in pf, no calculation being required. 

Inductance Bridges 

Inductance bridges may be re- 
garded as forming the second large 
class of AC bridges. In general con- 

figuration, the inductance bridge re- 
sembles the capcitance bridge and 
the resistance bridge. It differs from 
thet capacitance bridge, however, in 
the presence of inductors in one or 
more of its arms and also in the 
respect that it can, in some versions, 
compare unlike impedances, i.e., in- 
ductance with capacitance. 

As a class, inductance bridges 
cover the range from 0.1 nanohenry 
to 10,000 henrys with accuracies 
reaching ±0.1 % or better. Like the 
resistance bridge and capacitance 
bridge, the inductance bridge may 

be either simple or complex to suit 
individual demands. 

Basic Slide -Wire 

Fig. 18 shows the most basic in- 
ductance bridge. In this arrange- 
ment, the variable balancing resistor 
is a single strand of resistance wire 
(the slide wire) tautly stretched be- 
tween points A and B (or wound 
around a form having a circular 
cross section) and provided with a 
sliding contact (the slider). The 
wire has a uniform cross section and 
is of constant composition, so its 

dri;i7eionitt 
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proof, too - with "new socket" panel, and controls so standard the 
switch numbers correspond to the pin numbers in any tube manual. 

If it's reliability you want - for years to come - you 
need the Continental. It's the best way to be sure - 

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

for only 

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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resistance is directly proportional to 
its length. 

As the slider is moved along the 
wire, it divides the latter into two 
parts: D1, the length from point A 
to the slider, which has a resistance 
of R1, and R2, the length from point 
B to the slider, which has a resis- 
tance of R2. Thus, the resistance 
increases on one side of the moving 
slider and decreases on the other 
side. 

The bridge is composed of un- 
known inductor Lx (connected to 

terminals X -X), standard inductor 
Ls, and the two sections (R1 and 
R2) of the slide -wire variable resis- 
tor, which provide the ratio arms. 

The bridge is balanced by moving 
the slider along the wire until the 
detector response is minimum. At 
this null point, Lx/Ls = R1 /R2, and 
from this relationship the unknown 
inductance may be determined in 
terms of the standard: Lx = L5 (R1 / 
R2). 

The total resistance of the slide 
wire is unimportant to the calcula - 

THE BEST COLOR ANTENNAS! 

RMS SUPER TRANS POWER'D 

STP- 28 

No. of 
Model Area Used Elements 

Incomparable performance 
on All Channels 2-13 plus 
FM! Exclusively features 
Reynolds Aluminum 
COLORWELD! 

Reception Range 
List 

Price 
STP-7 Metropolitan 
STP-11 Suburban 
STP-15 Semi -Fringe 
STP-19 Fringe 
STP-23 Extreme Fringe 
STP-28 Extreme Fringe 

RMS DYNERGY 

DYN-15 8US 

Model 

DYN-33US 
DYN-54US 
DYN-66US 
DYN-88US 
DYN-118US 
DYN-158US 

7 Up to 50 miles $13.45 
11. Up to 75 miles 19.95 
15 Up to 100 miles 26.95 
19 Up to 125 miles 39.95 
23 Up to 150 miles 44.95 
28 Up to 175 miles 53.95 

Complete UHF/VHF and FM 
Coverage, Channels 2-83! 
Single down -lead- for sim- 
ple, economical installation! 
Features COLORWELD! 

No. of 
Area Used Elements VHF Range UHF Range 

List 
Price 

Metropolitan 6 
Suburban and Semi -Fringe 9 
Suburban and Semi -Fringe 12 

to 35 miles 
to 60 miles 
to 75 miles 

to 20 miles 
to 30 miles 
to 50 miles 

$19.95 
29.95 
34.95 

Semi -Fringe and Fringe .... 16 to 125 miles to 75 miles 44.95 
Semi -Fringe and Fringe .... 19 to 125 miles to 75 miles 44.95 
Fringe _ ..... 23 .....to 150 miles to 75 miles 49.95 

Make your next installation profitable with 
these dependable RMS Antennas. Write for 
FREE Informative Catalog! . .. Dept. PFA 

Dependable construction 
and performance for long - 
life installation! 

RMSELECTRONICS, INC. 
50 ANTIN PLACE, BRONX, N. Y. 10462 

UNKNOWN 

STANDARD 

-R1 3.1.4---R2 

D1 D2 

D3 

Fig. 18. Basic inductance bridge. 

tion. So also are the actual resistance 
values on each side of the slider. In 
fact, distances D1 and D2 may be 
measured in inches, centimeters, or 
arbitary linear units and used in the 
preceding calculation in place of 
resistances R1 and R2; thus, Lx=Ls 
(D1 /D2) . For this reason, the basic 
slide -wire bridge is convenient for 
emergency measurements of induc- 
tance, since it requires only a stan- 
dard inductor and a length of bare 
resistance wire stretched along a 
meter stick or yardstick, in addition 
to a generator (e.g., an audio oscil- 
lator) and a detector (e.g., AC 
VTVM, oscilloscope, or high -resis- 
tance headphones) 

Sometimes it is more convenient 
to read the position of the slider with 
respect to the total length (D3) of 
the wire than to measure Dl and D2 
separately. In such an instance: 
Lx -=Ls [D1/(D3-D1)]. 

It is apparent from either of the 
latter two equations that the un- 
known (Lx) is equal to the standard 
(Ls) when null occurs with the 
slider halfway between A and B (i.e., 
when D1 = D2, making D1 /D2 = 
1.) Also, the slider must move to 
the right of center when Lx is greater 
than Ls, and to the left of center 
when Lx is less than Ls. 

If the wire is long (say, 1 meter 
or more), little difficulty is expe- 
rienced in measuring inductances 
over the range 0.01 Ls to 100Ls, 
provided a sensitive detector is used. 
Unless the wire has reasonably high 
resistance (large ratio of length to 
thickness), however, the current may 
heat it enough to impair the accu- 
racy of measurement. 

Part 3 of this article will continue 
our analysis of inductance -measuring 
bridges and will conclude this series. 
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Pr REPORTER %sdket Chroma 
Demodulator 

W2 130V 7875 - LC 

b 

é330P1 

OA 
i 4 

aI1 

2 13 

*195V 
220V 

2.7K <A; 
^¡.01 

C1 

1 
285V 

20pf 
7.1V 

,4 R9 

GREEN 
BALANCE 

*-7V 1.Op 
-.4V 

*7.6V 
.6V 

RED 
BALANCE 0 

*-7.4V 1.5K 
-.6V 

20Pí 

.y3.3p5 SUBCARRIER 

~ AMP GRID 

3.58MHz REFERENCE SIGNAL 
FROM SUBCARRIER A 

1K 

*OV 
-.08V 

TO 8-Y 
AMP GRID 

*OV 
6805! .05V 

TO G -Y 

AMP GR O 

*OV 
-.13V 

TO R -Y 
AMP GRID 

5. 

CHROMA SIGNAL FROM 

BANDPASS AMP 

RHRE CHROMA GAIN CONTROL) 

W4 80 7875 - LC 

W53V7875-LC 

W6 10V 7875.- LC 

Balanced Diode 

DC VOLTAGES taken with VTVM-color bar generator WAVEFORMS taken with wide -band scope TV controls 
not operating. *Indicates voltage taken with gener- set to produce normal color -bar pattern on screen. 
ator operating-see "Operating Variations." LC (low -cap) probe used to obtain all waveforms. 

Circuit shown is balanced -diode color demodulator 
used in General Electric chassis. Balancing out 3.58 - 
MHz reference signal at detectors maintains zero po- 
tential at difference amplifier grids, even if amplitude 
of reference signal varies-thus preventing color shad- 
ing. L 1 between terminals 1 and 2 is plate boost for 
subcarrier amplifier. Reference signal of proper phase 
for red modulation is tapped off at terminals 3 and 4. 
3.58 -MHz signal is also coupled to L1B where correct 
phase for blue demodulation is tapped off at terminals 
5 and 6. Green demodulator uses same phase of 3.58 - 
MHz signal as red, but composite chroma signal is 
delayed by R16 and L9 so that green is detected at 
proper phase. Configuration of L1 may vary between 
different chassis but basic operation is same. Since 
each demodulator functions similarly (component values 
are same) only blue (B -Y) demodulator will be ana- 
lyzed. 3.58 -MHz signal is coupled to diodes X1 and 
X2 thru C4 and C5. Diodes function as peak detectors 
after initial full charge of C4 and C5. Composite 
chroma signal is connected to anode and cathode of 
XI and X2, respectively. When diodes are conducting, 
chroma signal is detected by each diode. X1 develops 
positive voltage which is proportional to sum of chroma 
and in -phase reference signal. X2 develops negative 
voltage proportional to sum of chroma and the 180° 
out -of -phase reference signal. Equal but opposite refer- 
ence signals produce zero DC output, but detected 
chroma information adds across R5, R1, and R6. 
Chroma output at point B is negative -going signal with 
amplitude equal to half the total across resistors R5, 
R1, and R6. 

With color signal present, burst excites 
reference oscillator into conduction; plate 
voltage drops from no -signal potential of 

220 volts to 195 volts. 

Dc voltages are direct result of rectified 
reference signal (near zero with no sig- 
nal) and vary somewhat according to 

amplitude of burst signal. Voltages indicated are typical 
with good signal input from keyed rainbow generator. 
Voltages at two test points in each demodulator section 
should be equal in amplitude but of opposite polarity. 

These test points remain at zero volts 
with or without color signal. 

W2 amplitude varies according to level 
of burst-measures about 50 volts p -p 
on fringe station, 110 volts p -p on local 

station. Tint control varies W2 p -p reading from 50 
volts to 150 volts. W1 changes in direct proportion with 
W2 since it is same signal, only coupled through L1 for 
proper phase-tint control varies amplitude of reference 
signal portion, chroma gain control changes content 
(jagged peaks). W3 varies from zero (no color) to 
about 40 volts p -p (severe color "bleeding") according 
to chroma gain control (good color if about 10 volts 
p -p). W4, W5, and W6 vary with signal strength and 
setting of chroma level control (0 to 150% of values 
shown). Color bar pattern good with 75% of values 
shown. 
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SYMPTOM 1 

Symptom 
Analysis 

Weak or No Color 

Color Bars Correct 

R17 Increased In Value 

(Voltage Divider -2.7K, 2W) 

Almost normal color with chroma gain at maximum on 
local station; little or no color on fringe station. Gen- 
erator signal color bars in correct order but weak. Tint 
control operates when color present. B -W picture nor- 
mal. Symptom indicates chroma signal loss. 

we aV7875-1t 

OIM 

W3 eliminates chroma circuitry 
trouble since amplitude is at least 
200% of required level and con- 
tent is good. Although not shown, 
W4, W5, and W6 isolate defect 
to demodulator circuitry-all are 
25 to 30% of normal amplitude. 
W1 is good clue-amplitude re- 
duced (normally about 45 volts 
p -p) and content lacks 3.58 -MHz 
signal. W2 amplitude localizes 
trouble to L1-only about 10 
volts p -p (normally about 130 
volts p -p) . 

Voltage and 
Component Analyss 

*27V 
19V 

*285V 
270V 

B+ 

*3.4V 
5V 

*-3.2V 
-.5V 

Voltages at points U thru Z are about 50% of normal 
but are balanced-readings of each section are equal 
but opposite-confirms demodulators are operating 
but at reduced level. 27 -volt reading at point A isolates 
trouble to R17, C 1, or L I A since B + checks near 
normal. Increased resistance of R17 (voltage divider 
supplying subcarrier amplifier) results in loss of 3.58 - 
MHz signal supplied to demodulators. R17 completely 
open or open between terminals 1 and 2 of L1, or 
shorted Cl, would cause complete loss of color. 

No Blue 

B -W Picture Normal 

Open X2 

(Blue Demodulator Diode) 

SYMPTOM 2 

Symptom 
Analysis 

Loss of blue evident on station color programs-whites 
have yellow tint, other colors using blue are wrong. 
Tint and chroma gain controls operate. Bar pattern 
shows only green and red-blue missing and back- 
ground yellow with chroma gain at minimum. B -W 
normal. 

Amplitude of W4 explains loss of 
blue-normally about 8 volts p -p, 
now only 1.5 volts p -p. Content 
shows excess 3.58 -MHz signal. 
Although not shown, W5 and W6 
are normal. W2 (3.58 -MHz input 
to B -Y demodulator) shows suf- 
ficient reference signal but content 
lacks rectified chroma signal rid- 
ing on subcarrier. Thick wave- 
form at point U is near normal in 
content and amplitude. Compari- 
son of waveforms at U and V 
gives clue to trouble. 

*9V 
.1V 

*3.2V 
.05 V 

*3.2V 
.05V 

Voltage and 
Component Ana iiii 

Volytage at U and V 3.2 and 9 volts, respectively 
(normally near equal but opposite). This unbalance is 
reflected at points B; reading is 3.2 volts, should be zero. 
DC voltage at these points is result of diodes rectifying 
reference signal, thus no -signal readings (b -w) are near 
normal (zero) . CRT B -Y grid is cut off as result of 
demodulator unbalance (positive voltage at B -Y am- 
plifier grid)-blue is lost, whites are tinted yellow, and 
other colors using blue are incorrect. Good b -w picture 
helps isolate trouble. 

Best Bet: Scope then VTVM. Best Bet: VTVM for voltage and resistance measurements. 
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Red Predominant Green Screen 

SYMPTOM 3 

Symptoñ 
Analysis 

B -W Picture Normal 

Leaky X5 

(Red Demodulator Diode) 

Color programs show excesive red-also, areas that 
should be white are red. Near normal color picture 
obtained by misadjusting tint and color controls. Screen 
is tinted red with color signal; but with chroma gain 
control at minimum b -w picture has proper gray scale. 

W6 (shown) , as well as W4 and 
W5 (not shown), have sufficient 
amplitude and proper content to 
produce good color bars. Second 
and third waveforms shown here, 
from points Y and Z (3.58 -MHz 
reference signal input to red de- 
modulator), although slightly high- 
er in amplitude, are similar to W 1. 

W 1 is representative of wave- 
forms at points U thru Z-all sim- 
ilar in amplitude; content is 3.58 - 
MHz signal with detected chroma 
signal riding on carrier. 

* 3.5V 

Voltage and 
nent 

OV 

*-9.2V 

OV 

*-2.2V 
-.04V 

Defective X5 measures approximately 3K either direc- 
tion; causes unbalance in red demodulator section- 
voltage at point Y is 3.5 volts, point Z is - 9.2 volts- 
produces negative voltage (- 2.2V) at point R. This 
results in continuous R -Y amplifier conduction which 
causes red shading with color signal input. B -W picture 
normal since unbalance caused by rectified 3.58 -MHz 
signal. Leaky X6 would cause loss of reds. Any com- 
ponent value change in balanced demodulator causes 
too much color or loss of color. 

Best Bet: VTVM and circuit analysis. 

On Color Only 

Open Cl 

(Bypass Capacitor-.01 mfd.) 

SYMPTOM 4 

Symptom 
Analysis 

Station program with chroma gain at normal setting is 

predominately green-flesh tones green and tint con- 
trol inoperative-white areas are green -other colors 
weak. Other colors wrong with chroma gain at maxi- 
mum. Color bar pattern mostly green. B -W normal. 

Amplitude of W5 is satisfactory 
but content shows reason for ex- 
cessive green: negative portion 
which causes G -Y amplifier con- 
duction is relatively straight-con- 
ducts constantly. W4 and W6 con- 
tent mostly 3.58 -MHz reference 
signal. Although not shown, W5 
with chroma gain at minimum 
contains 4 -volt p -p 3.58 -MHz sig- 
nal-normally less than .5 volts 
p -p. W1 amplitude low but ac- 
cepable. R17 -Cl indicates trou- 
ble, normally only DC here. 

*1.1V 
OV 

*.5V 
OV 

*-.3V 
OV 

Voltage and 
Component Analysis 

Comparative DC voltages at inputs of each demodu- 
lator section (L 1 thru Z) all show unbalance which 
causes abnormal readings at points B, G, and R. B -Y 
and R -Y amplifier conduction is limited by positive 
potential, while G -Y is allowed to conduct heavily. 
Open Cl allows burst frequency to be coupled to 
chroma bandpass circuitry, then to point C. L 1 is also 
detuned-3.58-MHz reference signal to demodulators 
is reduced and phase relationship upset. G -Y amplifier 
conducts constantly and heavily at burst phase. 

Best Bet Careful scope and VTVM work will solve. 
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Symptom 5 

SAympnalysistom 

Reds Missing 

Blues and Greens Near Normal 

R3 Wiper Arm Open 

(Red Balance Control -1.5K) 

Impossible to get proper flesh tones on station color 
signal-tint control varies hue from purple to green but 
no normal flesh tones between. Red reduced in picture 
-color bar pattern shows little red even at maximum 
chroma gain setting. B -W normal. 

W4 (shown) and W5 not (shown), 
blue and green demodulator out- 
puts, have normal amplitude and 
content. W6 (input to R -Y am- 
plifier) is very poor-amplitude 
only 2.5 volts p -p compared to 
normal 10 volts p -p, and content 
is all wrong-third negative -going 
pulse should be at maximum- 
instead, all pulses nearly equal. 
Waveform at point Z (shown) 
and Y (not shown) have normal 
amplitude and content- isolates 
trouble to red demodulator. 

Voltage and"' 
Component Analys 

*OV 
-.08V 

*0V 
.05V 

*0V 
OV 

Proper DC potentials (0V) at points B, G, and R, 
along with sufficient 3.58 -MHz input signal at points 
U thru Z, eliminates demodulator unbalance. To adjust 
DC balance: Connect color bar generator, set chroma 
gain control to minimum, adjust R1, R2, and R3 for 
zero volts at points B, G, and R, respectively. Controls 
normally vary DC potential about 1 volt above and 
below zero. With open wiper arm, R3 has intermittent 
or no effect on voltage at point R. Open control itself 
would unbalance demodulator-R3 voltage not zero. 

Reds Lost 

Greens Incorrect 

Transformer Winding Open 

(L1 -3.58 -MHz Phase Transformer) 

Symptom 6 

Symptom 
Analysis 

Flesh tones are greenish, as is most everything except 
for some blue information. Chroma gain control oper- 
ates, but tint control has no effect. Color bar pattern 
shows blues in approximately correct position. Most 
other bars green or shaded blue. B -W normal. 

111.111111PAnalysisill 

Waveforms at test points R (W6 
shown) and G (W5, not shown) 
are similar; amplitude of about 7 

volts p -p is sufficient, but content 
is very poor-normal sine -wave 
effect of pulses is missing. Wave- 
form at Z is weak - normally 
about 50 volts p -p, now 10 volts 
p -p --content all wrong-appears 
to be negative -going spikes of 
chroma signal. Waveform at point 
W similar but positive going. W2 
(3.58 -MHz input) is about 50% 
of normal. 

>lc-.1V 
OV 

*.9V 
OV 

*-.6V 
OV 

Voltage and 
Component Analysis 

DC voltages at points U and V are low but nearly bal- 
anced-voltages at points W, X, and Y, Z are unbal- 
anced. This results in nearly correct potential (0V) at 
point B but negative voltage at point G and positive 
at point R. Open winding between terminals 2 and 3 

of Ll causes loss of reference signal input to one side 
of red and green demodulators, resulting in unbalance, 
as well as detuning subcarrier amplifier plate circuit. 
Blue demodulator is affected to lesser extent by reduced 
and incorrect phase of reference signal. 

Best Bet: Scope first; then VTVM. Best Bet: Scope; then VTVM for voltage and resistance. 
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get the service data you need in 

PHOTOFACT COMPLETE 
COLOR TV COVERAGE 

Q Here are the PHOTOFACT sets with Color TV coverage from the beginning in 1954 through 1967: 
1 31 61 91 121 151 181 211 241 271 301 331 361 391 421 451 481 511 541 571 601 631 661 691 gaggiviampThimi871 901 

2 32 62 92 122 152 182 212 242 272 302 332 362 392 422 452 482 512 542 572 602 632 662 692 722 752 

753 

782 

783 

784 

785 

786 

812 842 872 

813 843 873 

814 844 874 

815 845 875 

816 846 816 

817 847 877 

902 

903 

904 

905 

3 33 63 93 123 153 183 213 243 273 303 333 363 393 423 453 483 513 543 573 603 633 663 693 723 

4 34 64 94 124 154 184 214 244 274 304 334 364 394 424 454 484 514 544 574 604 634 694 724 

725 

754 

755 5 35 65 95 125 155 185 215 245 275 El 335 365 395 425 455 485 515 545 575 605 635 665 695 

6 36 66 96 126 156 186 216 246 276 306 336 366 396 426 456 486 516 546 576 606 636 666 696 726 

727 

728 

756 906 seot. 

7 37 67 97 127 

128 

157 

158 

187 

188 

217 

218 

247 

248 

277 

278 

307 

308 

337 

338 

367 

368 

397 

398 

427 

428 

457 

458 

487 

488 

517 

518 

547 

548 

577 

578 

607 

608 

637 

638 

667 

668 

697 

698 

757 

758 

787 

788 

901 seot. 

8 38 68 98 818 848 878 908 sept. 

9 39 69 99 129 159 189 219 249 279 309 339 369 

370 

D 
400 

429 

430 

459 

460 

489 

490 

519 

520 

549 

550 

579 

580 

609 

610 

639 

640 

669 

670 

671 

672 

699 729 

730 

731 

732 

733 

734 

759 

761 

762 

763 

764 

789 

790 

791 

792 

793 

794 

819 849 879 

820 850 880 

821 851 881 

822 852 882 

823 853 883 

824 854 884 

909 Sept 

910 Sept 

911 Sept. 

912 opt. 

913 at. 

914 opt. 

10 40 70 100 130 160 190 220 250 280 310 340 700 

701 

702 

11 41 71 101 131 161 191 221 251 281 311 341 371 401 431 461 491 521 551 581 

582 

611 

612 

641 

642 12 42 72 102 132 162 192 222 252 282 312 342 372 402 432 462 492 522 552 

13 43 73 103 133 163 193 223 253 283 313 343 373 403 tin 
434 

463 

464 

493 

494 

523 

524 

553 

554 

583 

584 

613 

614 

643 

644 

673 703 

704 14 44 71 104 134 164 194 224 254 284 314 344 374 404 

15 45 75 105 135 165 195 225 255 285 315 345 375 405 435 465 495 525 555 585 615 645 675 705 765 795 825 855 885 915 Oct. 

16 46 76 106 136 166 196 226 256 286 316 346 376 406 436 466 496 526 556 586 616 646 676 706 736 

737 

738 

766 

767 

768 

796 

797 

826 856 886 

827 857 887 

916 Oct. 

917 opt. 17 

18 

47 

48 

77 

78 

107 

108 

137 

138 

167 

168 

197 

198 

227 

228 

257 

258 

287 

288 

317 

318 

347 

348 

371 

378 

407 

408 

437 

438 

467 

468 

497 

498 

527 

528 

557 

558 

587 617 

618 

647 

648 678 

707 

708 588 go 828 858 888 918 no,. 

19 49 79 109 139 169 199 229 D 289 319 349 379 409 439 469 499 529 559 589 619 649 

1111 

709 739 769 799 829 859 889 919 No,. 

20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470 500 530 560 590 620 650 

651 

680 

681 

710 

711 

740 

741 

742 

770 800 

771 801 

772 802 

773 803 

830 860 890 Ezializincz 
832 862 892 

833 863 893 

834 864 894 

835 865 895 

836 866 896 

837 867 897 

838 868 898 

839 869 899 

920 no,. 

21 51 81 111 141 171 201 231 261 291 321 351 381 411 441 471 501 531 561 591 621 

22 52 82 112 142 172 202 232 262 292 322 352 382 412 

413 

442 472 502 532 562 592 622 652 682 712 922 noe. 

923 no,. 

924 Dec. 

925 Dec. 

23 53 83 113 143 173 203 233 263 293 

294 

323 

324 

353 

354 

383 

324 

443 473 503 533 563 593 623 653 

654 

683 

684 

713 

714 

743 

744 

745 

746 

24 54 84 114 144 174 204 234 264 414 444 474 504 534 564 594 624 774 

775 

776 

804 

805 

806 

807 

808 

809 

25 55 85 115 145 175 205 235 265 295 325 355 385 415 445 475 505 535 565 595 625 

626 

655 

656 

657 

685 

686 

687 

715 

716 

717 

718 

719 1 

720 

26 56 86 116 146 176 206 236 266 296 326 356 386 416 446 476 506 536 566 596 926 Dec. 

27 57 87 117 147 177 207 237 267 297 327 357 32.1 417 447 477 507 537 567 597 627 747 

/48 

749 

750 

777 

778 

779 

780 

927 pep. 

928 Dec. 28 58 88 118 148 178 208 238 268 298 328 358 388 418 448 478 508 538 568 598 628 

629 

658 ( 

659 

688 

689 29 59 89 119 149 179 209 239 269 299 329 359 389 419 449 479 509 539 569 599 929 pep . 

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 1 810 840 870 900 '930 ion 

STAY AHEAD IN COLOR TV SERVICING- 

JOIN the P.O.M. (Photofact-ottheiilonth) CLUB ! 

AND OWN THE COMPLETE PHOTOFACT COLOR TV LIBRARY 
NOW! Only $10 per month brings you 
20% MORE PHOTOFACT coverage to 
keep you current-and you save more 
than $60 per year! 

GET THIS BIG "BONUS"! Now exclu- 
sively for P.O.M. Club members 
-a minimum of 10 "advance" 
TV schematics (mostly color) 
with each month's issue! Keeps 
you ahead on new model releases. 
Extra : Special File Cabinet deal with 
trial 6 -month subscription to the 
P.O.M. Club. 

SEE YOUR SAMS DISTRIBUTOR 
FOR FULL INFORMATION, OR 
MAIL THE COUPON TODAY... 

Get 6 new Photofact Sets each month 
6 to 9 Color TV Folders monthly 
Covers at least 50 new chassis 
Includes b & w TV, 
FM -AM, AC -DC, Stereo 
Hi-Fi, Phonograph, and 
Record Changer models 

r 

GET GOING IN 

COLOR TV! 

HOWARD W. SAMS & CO., Dept. PFF-3 
4300 W. 62nd St., Indianapolis, Indiana 46206 

Send Photofact-of-the-Month Club details 
Send full details on Library Offer and Easy -Buy Plan 
Send FREE 1968 PHOTOFACT Cumulative Index 

My Distributor is 

Shop Name 

Attn.; 

Address 

City State Zip 

Circle 31 on literature card 

J 
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;-4-g THE 
TROUBLESHOOTER 

Picture and Sound Missing 

A Dumont Model RA -168 (PHOTOFACT Folder 216-2) 
that I am servicing will produce a beautiful picture for 
hours, then suddenly both the picture and sound disappear, 
leaving a blank but normal raster. Following are the only 
voltage clues I have obtained: 

Tube and Element 

RF amplifier grid 
1st video IF grid 
2nd video IF grid 
3rd video IF grid 
AGC clamper plates, pin 5 

pin 6 
AGC keyer plate 

Allentown, Pa. 

Normal operation, Picture and 
no signal input sound missing 

- I -50 
-3 -20 

0 -20 
0 -20 

+3 -60 
-7 -60 
+1 -130 

OTTO HALM 

The foregoing symptoms indicate that you are confronted 
with an "excessive AGC" problem. The grid cutoff voltage 
for a 6CB6 with 125 volts applied to the plate (the type 
of tube employed in the video IF's of this particular Du- 
mont chassis) is approximately -6.5 volts-you now 
measure -20 volts. The cutoff voltage for the 6BK7A 
employed in the RF amplifier is about -7 or -8 volts with 
a plate voltage of 105 volts-you measure -50 volts. 

O 
RF AMP 

331t tfi( 

z, z 

CLAMPER PLATES 

265V 

0t 

90 

365V 

TPR 

OUMONROR 

IODE CONTROLO 

IRLA AND -3RD VIDEO 
Its 

VIDE GIPUT 

VOLTAGE REG 

®12Aw 

120V 

3 

130V 

NORIz OUTPUT 
TRANSFORMER 

1 
26511 

1ST 

VIDEO IF 

I mIJ 

Recently we have received a number of letters requesting 
assistance with AGC problems; therefore, instead of merely 
indicating the most probable circuit defects, let's cover the 
operation of this particular keyed AGC system along with 
associated troubleshooting techniques. 

The AGC keying stage (V10) is a coincidence amplifier; 
that is, it requires two input signals for conduction. One 
input signal is a horizontal pulse that is applied to the plate 
(pin 5) of V10 via R65, R66, and C60. The other input 
signal is a positive -going video signal applied to the grid 
(pin I) of V10 front the plate circuit of the video output 
stage (via R69). The video signal contains positive -going 
horizontal sync pulses whose amplitude reflect the level of 
the received signal-i.e., the larger the received signal, the 
higher the amplitude of the horizontal sync pulses. 

When both input signals arrive simultaneously at their 
respective tube elements (grid and plate), the_ tube conducts. 
with the amount of conduction depending on the level of 
the horizontal sync pulse at the grid and the setting of 
the R7, the AGC control. Both factors affect the bias of 
the keying tube. Note that the cathode of the keying tube 
is maintained at 130 volts by triode voltage regulator V11A. 
Adjusting R7 so that its wiper arm moves toward ground 
causes the DC bias at the grid of V10 to become more 
positive, increasing the conduction of the keying tube and, 
thus, developing more AGC voltage. Moving the wiper 
arm of R7 toward the top (as viewed on the schematic) 
produces an opposite effect. 

When VIO conducts, a negative voltage is developed at 
its plate. The reason the voltage is negative instead of 
positive is because no positive DC potential is supplied to 
the plate; instead, the normal requirement of a positive 
plate for conduction (with respect to the cathode) is ful- 
filled by the highly positive horizontal pulse, which exists 
for only a relatively short period of tinte. The plate DC 
current path is from plate to ground via the voltage divider 
network of R28, R27, and R29. The AGC voltage supplied 
to the first three video IF stages is the negative DC po- 
tential present at the junction of R27 and R29, while the 
DC voltage that exists at the junction of R28, R27 and R25 
is supplied to the tuner AGC line. 

The function of the, dual diode clamper in the tuner 
AGC line is to delay the application of AGC voltage to 
the tuner until a relatively strong input signal is received, 
thus preventing attenuation of weaker input signals in the 
tuner. Note that the tuner AGC line and dampers are 
tied to the 65 -volt source through R26 and R24. When a 
relatively weak input signal is being received, the AGC 
voltage (negative) present at the junction of R28 and R25 
is small compared to the positive potential that exists at 
the top of R26; consequently, with a positive potential 
at its plates, the clamper conducts and the tuner AGC 
AGC line is maintained, or clamped, at a potential some- 
where between .5 and I volt. However, wizen a relatively 
larger input signal is received, the negative voltage at the 
junction of R26 and R24 increases sufficiently to overcome 
the positive potential at the top of R26. With the positive 
potential removed from its plates, the clamper ceases to 
conduct, and the tuner RF amplifier grid is supplied with 
a negative voltage to reduce its gain. 

When the input signal and bias requirements of V10 
are satisfied and it conducts, coupling capacitor C60 is 
charged so that the side connected to V10 is negative. 
Capacitors C40. C39, and C41 are also charged at the 
same time. When conduction ceases, the negative charge 
on C60 bleeds off to ground through R66, R65, R28, R27 
and R29. The charge on the other capacitors connected to 
the AGC line also bleeds off through their respective re- 
sistors, filtering and smoothing the AGC voltage. This con- 
cludes our brief discussion concerning the operation of 
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the keyed AGC system. Now let's do a bit of trouble- 
shooting. 

As stated before, the probable trouble causing the symp- 
toms you describe is excessive AGC. The high level of 
negative voltage at the plate of the keyer tube (V10) and 
at the tuner amplifier and video IF grids is the basis for 
this conclusion. You could begin your troubleshooting by 

disabling the keyer (05-mfd, 1 -kv capacitor from plate to 

ground will remove the horizontal pulse) and applying a 
clamping voltage from a negative voltage, or bias, source 
(variable, 0 to 45V). The picture and sound should return 
with the AGC (clamping) voltage at the proper level. How- 
ever, the tube element voltage levels already mentioned 
preclude such action because they clearly localize the source 
of trouble. What remains is to consider the possible trou- 
bles that could upset the bias of the keyer, causing it to 
increase conduction and, thus, develop excessive AGC volt- 
age. The most probable causes fall into two categories: (1) 
increased level of input signal at grid of V10 and (2) a 
defect within the keyer circuit itself that decreases the bias 
on the keyer tube. 

Since the amount of AGC voltage developed by a nor- 
mally operating AGC keyer stage is dependent on the level 
of the horizontal sync pulse present in the composite video 
signal applied to its grid, any overamplification of the 
video signal will cause an increase in the level of the hori- 
zontal sync pulse and, consequently, an increase in the 
AGC voltage. Normally, such overamplification is caused 
by a gassy video output tube (the keyer grid pulse is ob- 
tained from the plate circuit of the video output stage) or 
increased conduction of a video IF stage not controlled by 
AGC voltage-such as the 4th video IF in this chassis. (The 
increased conduction of such a stage could be caused by a 
circuit defect that reduces the bias of the stage or a defect 
that causes regenerative feedback and, consequently, oscil- 
lation). You can prove the existence of any one of the fore- 
going possibilities by checking the output of the video de- 
tector, or the amplitude of the waveform at the grid of the 
keyer-excessive signal amplitude will be found at either 
or both points. Further voltage checks within the suspected 
circuit or stage will isolate the specific cause. 

Next, let's consider possibility No. 2-a defect within 
the keyer circuit itself that decreases the bias and, thus, 
causes increased conduction. If C4 is leaky or shorted, the 
voltage at the top of R70 will be reduced (to ground po- 
tential if C4 is shorted), causing the cathode of V10 to be- 
come more negative with relation to the grid, thereby re- 
ducing the bias of V10 and causing it to conduct more. A 
substantial decrease in the value of R71 will increase the 
bias on V11, reducing its conduction and the potential at 
the top of R70 and, in turn, will decrease the bias on the 
keyer tube. Other possible defects include a gassy keyer tube 
and an increase in the value of R68. 

It is highly unlikely that a defective component on the 
AGC line itself is causing the trouble. Normally, a defect 
on the AGC line will dissipate the AGC voltage instead of 
increasing it; exceptions include a substantial increase in 
the value of R27 or R29. Also, an increase in the value (or 
complete opening) of R26 will kill the AGC delay or clamp- 
ing action to the tuner, placing excessive AGC on the tuner 
RF amplifier and, thus, reducing the receiver sensitivity. 
Such a defect is characterized by a weak picture or washed 
out picture with excessive snow. 

It is doubtful that a defective R7, R29 or R26 is the 
trouble in this particular case, because a defect in any one 
of these components would increase the AGC voltage of 
only the video IF's or the tuner-not both, as has happened 
in the situation under consideration. 

From the preceding, it can be seen that an understanding 
of the basic operation of a circuit is essential to successful 
trouble analysis-anything less is simply guessing. A 

to 
A increase 

your 
income income 

RCA Institutes, Inc. offers these four compre- 
hensive home study courses especially de- 
signed to help build your income immediately! 

CD 
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. Train under the direc- 
tion of RCA Institutes ...experts 
in Color TV home study training. 

AUTOMATION ELECTRONICS 
Trains you for the many applica- 
tions of automation electronics in 
industry and government including 
Photoelectronics, Digital Computer 
Techniques, Synchros and Servo- 
mechanisms, Automatic Control 
Systems, and many more! 

TRANSISTORS You get the nec- 
essary background for semiconduc- 
tor technology including character- 
istics of tunnel diodes, rectifiers 
and other solid state devlces.Tran- 
sistor trainer also available. 

MOBILE COMMUNICATIONS 
Trains you to service and main- 
tain 2 -way radio communications 
on land, sea, and air! Gives you 
the technical foundation for space 
communications! 

Take advantage of RCA's Liberal Tuition Plan. You only pay for 
lessons you order; and have no long-term obligations. Licensed by 
New York State Education Department. Approved for Veterans. 

RC,' 
a - SEND THIS COUPON NOW FOR COMPLETE FREE INFORMATION Ra 

RCA INSTITUTES, INC. Home Study School, Dept. PF -38 

320 West 31st Street, New York, N.Y. 10001 
Without obligation, rush me free information on the following RCA Home Train- 
ing Course: COLOR TV TRANSISTORS MOBILE COMMUNICATIONS- 
AUTOMATION ELECTRONICS 

Name Age 

Address 

City Zone State 

1.111 OM la MI 
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TEST EQUIPMENT 

MANUFACTURERS' addireóded 
The following is a list of manu- 

facturers who are active in the ser- 
vice equipment industry. We have 
purposely left out the names of 
those manufacturers who deal ex- 
clusively with the laboratory and 
production markets. In compiling 
this list, every effort has been made 
to insure completeness and accuracy. 
Nevertheless, because of changes of 
address, corporate names, etc., this 
listing is not as complete as we would 
like it to be. PF REPORTER will 
welcome any corrections to this list. 

Amphenol Distributor Division 
2875 South 25th Avenue 
Broadview, Illinois 60153 
B & K division of 

Dynascan Corporation 
1801 W. Belle Plaine Ave. 
Chicago, Illinois 60613 
Blonder -Tongue Laboratories, Inc. 
9 Alling Street 
Newark, New Jersey 07102 
Channel Master Corporation 
Ellenville, New York 12428 
Components Specialties, Inc. 
101 Buffalo Avenue 
Freeport, L. I., N. Y. 11520 
Eico Electronic Instrument Co., Inc. 
Malta Street & Workman Ave. 
Brooklyn, New York 11207 
Electronic Measurements Corp. 
625 Broadway 
New York, New York 10012 
Hallmark Instruments 
6612 Denton Dr. 
Dallas, Texas 75235 

THE BEST ANTENNA INSTALLATIONS START WITH 

QUALITY 
MOUNTING ACCESSORIES 

THE MOST COMPLETE Lltidaddiakirrat 

AW-1M 

»eitAL 
GUY WIRE 

SEND FOR COMPLETE CATALOG 

High quality, 7 strand, 17 gauge, 
high strength, tight twist, tempered 
and normalized for maximum flex- 
ibility. 
Breaking strength: Over 500 lbs. 
Tight twist keeps wind effect to a 
minimum. 
Special Alclad process provides pro- 
tection against corrosion, weather- 
ing, chemical fumes and salt air. 
Pre-set curvature on each loop pre- 
vents snarling and keeps wire under 
control during installation. 

AT SOUTH RIVER QUALITY IS OUR MOST IMPORT 

SOLD THROUGH DISTRIBUTORS 

SOUTH RIVER METAL PRODUCTS CO., INC. /SOUTH RIVER,N.1.08882 

Heath Company 
Benton Harbor, Mich. 49022 
The Hickok Electrical 
Instrument Co. 
10514 DuPont Avenue 
Cleveland, Ohio 44108 
Jackson Electrical Instrument Co. 
35 Windsor Avenue 
Mineola, New York 11501 
Jerrold Electronics Corporation 
401 Walnut Street 
Philadelphia, Pennsylvania 19105 
Karg Laboratories, Inc. 
162 Ely Avenue 
South Norwalk, Conn. 06854 
Lampkin Laboratories, Inc. 
Bradenton, Florida 33505 
Leader Electronics Corp. 
101-103 Rome Street 
Farmingdale, L. I., N. Y. 11735 
Lectrotech, Inc. 
1221 W. Devon Ave. 
Chicago, Ill. 60626 
Mercury Electronics Corp. 
315 Roslyn Road 
Mineola, New York 11501 
Pace Communications Corp. 
24049 Frampton Ave. 
Harbor City, California 90701 
Precise Electronics division of 
Designatronics Inc. 
Mineola, L. I., N. Y. 11501 
Precision Apparatus division of 
Dynascan Corporation 
1801 W. Belle Plaine Ave. 
Chicago, Ill. 60613 
Precision Electronics, Inc. 
9101 King Street 
Franklin Park, Illinois 60131 
Radio Corporation of America 
Electronic Components and Devices 
Harrison, New Jersey 07029 
Seco Mfg. Co. 
1001 S. 2nd St. 
Hopkins, Minn. 44343 
Sencore, Inc. 
426 South Westgate Drive 
Addison, Illinois 60101 
Simpson Electric Company 
5200 West Kinzie Street 
Chicago, Illinois 60644 
Sprague Products Company 
North Adams, Massachusetts 01247 
The Triplett Electrical 
Instrument Co. 
Bluffton, Ohio 45817 
Waterman Instrument Corporation 
400 South Warminster Road 
Hatboro, Pa. 19040 
Workman Electronic Products, Inc. 
Box 3828 
Sarasota, Fla. 33578 
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GENERAL ELECTRIC'S 
NEW 

HEADACHE 
SOLVER 

509 
Possivated 

Rectifier 
Up to 1000 volts PIV 
Transient Voltage Protection 
Passive Junction 
All Diffused Structure 
Hugh Surge Current Capacity 
Hermetic Sealed 
Dual Heat Sink Design 
Low Thermal Impedance 

TYPICAL APPLICATIONS 
Freewheeling Rectifier 
TV & Radio Power 

Supplies 
Time Delay Circuits 
Communications 

Equipment 
Power Logic Circuits 
SCR Trigger Circuits 

ARC Suppression 
Small Portable 

Appliances 

Battery Chargers 

General Purpose 
Power Supplies 

TV Damper Diodes 

Low Level Limiters 

See Your Authorized GE Distributor For 

All Your Semiconductor Re uirements 

GENERAL Fßÿ ELECTRIC 

rFill in coupon for o FREE One Year Sub' 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi-Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub - 

scription also. 

OLSON ELECTRONICS, INC. 

C831 S. Forge Street Akron, Ohio 443081 

INDEX TO exe 
ADVERTISERS 

March, 1968 

B & K Mfg. Co. Div. of Dynascan Corp 48 

Borden Chemical Co., Krylon Div. 84 

Bussmann Mfg. Div., McGraw -Edison Co 26 

Chemtronics, Inc. 71 

Cleveland Institute of Electronics 11 

Cornell-Dubilier Cover 2 

Electronic Measurements Corp. 4 

Electro -Voice, Inc. 46 

GC Electronics, Div. of 

Hydrometals, Inc. 31, 68 

Gem City Tuner Repair Service 10 

General Electric Co. 47, 71 

Heath Co. 23 

Jensen Mfg. Div., The Muter Co. 69 

Leader Electronics Corp. 8 

Lectrotech, Inc. 6 

Littelfuse, Inc. Cover 4 

National Radio Institute 56 

Olson Electronics, Inc. 71 

Oxford Transducer Co. 44 

Quam Nichols Co. 10 

Quietrole Co. 69 

RCA Institutes, Inc. 65 

RCA Parts & Accessories 21 

RCA Receiving Tubes 

RCA Sales Corp. 

RMS Electronics, Inc. 

S & A Electronics, Inc. .35 

Howard W. Sams & Co., Inc. 35, 63 

SENCORE, Inc. 12, 16, 33, 37, 57 

South River Metal Products Co., Inc 66 

Sprague Products Co. 3 

Superior Tuner Service 70 

Sylvania Electric Products, Inc. 5 

Texas Crystals 70 

Tuner Service Corp. 7 

Winegard Co. 1 

Yeats Appliance Dolly Sales Co. 4 

Zenith Sales Corp. 38, 39, 67 

Cover 3 

9 

58 

THERE'S ONLY ONE 

COLOR LUBE° 
That's 

CHEMTRONICS 
INSIST ON IT! 

ACCEPT NO IMITATIONS 

aale For Plastics 

kiallg desì¡atd to sPotA 
'. 

tee All COUP TV TUN 

MIRACLE 

met 

NO. 
CL -8 

NON -DRIFT 
COLOR TV 
TUNER CLEANER 

TEST AFTER TEST HAS PROVEN 
COLOR LUBE 

To clean better 
To be safe on plastics used in 
TV sets 
Non-flammable 
To cause no drifting 

$22 

Na. 1550 

ifrelre,i 9úidt 

SUPER 
FROST AID 

Cools Faster Leaves 
No Liquid Residue 

SUPER FROST AID is a faster 
circuit freezer designed to 
locate intermittent compon- 
ents . without leaving a 
liauid residue. 2.79 Net 

'CHEMTRONIC 
N Y. BROOKLYN 11236 
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F 

FREE$ 
CATALOG AND 
LIiSBA'lIIBB 

SERVICES 
*CHECK "INDEX TO ADVERTISERS" FOR FURTHER INFORMATION FROM THESE COMPANIES 

ANTENNAS 

100. ALLIANCE -Colorful 4 -page brochure de- 
scribing in detail all the features of Tenna- 
Rotors. 

101. BLONDER -TONGUE -Flyer sheet on new 
Colortap outlet plates and plugs for 300 -ohm 
lead-in. 

102. DELHI -Twelve -page catalog introducing 
a complete new line of home TV towers, 
ham towers, citizens' -band towers, masts, 
and telescoping masts. 

103. FINNEY-4-color brochure with descrip- 
tion and technical details on new Finco Color 
Spectrum, frequency -dependent antennas for 
UHF -VHF -FM, VHF -FM, and UHF. Form 
20-413. 

104. JERROLD-New 4 -page, full -color catalog 
describes the new Paralog Plus antennas. 

105. JFD-Color Laser and LPV antenna bro- 
chures. New, 1968 dealer catalog covering 
complete line of log -periodic, outdoor an- 
tennas, rotators, and accessories. 

107. WINEGARD-Data sheet on Color -Tracker 
UHF antenna; folders on complete antenna 
line and MATV products. 

108. G. F. WRIGHT STEEL AND WIRE CO. 
Flyer gives specifications and packaging data 
for steel and aluminum guy wire. 

AUDIO 

109. ACTION SYSTEMS CO. - Brochure 
715A, "SOUND BUSINESS," tells how to 
enter paging and intercom business. 

110. ATLAS SOUND -Form #PP -2537 de- 
scribes the Banshee voice speaker for music 
groups. 

111. BELL P/A-Complete specifications, oper- 
ating instructions, and schematics on the 
new Carillon series amplifiers. 

112. ELECTRO -VOICE - Pocket-size guide- 
books for microphones, hi-fi loudspeakers, 
and hi-fi systems. 

113. NUTONE-24-page booklet describes built- 
in stereo, intercom, and radio systems. 

114. OAKTRON-Brochure #673 describes the 
PVS-800 acoustic -lens speaker. 

115. OXFORD TRANSDUCER -Bulletin A- 
109 features speaker installation in automo- 
biles, hospitals, and recreation rooms.' 

116. RACON-Catalog C665T on horns, drivers, 
sound columns, and accessories. 

117. RECOTON-42-page catalog and reference 
guide gives information on phonograph 
needles, tape and accessories, and record 
accessories. 

118. UTC-Brochure describes Maximus line 
of hi-fi speakers. 

COMMUNICATIONS 

119. AMPHENOL-2-color spec sheets on new 
Model 650 CB transceivers and Model C-75 
hand-held transceiver. 

120. COMCO-Brochure on marine radiotele- 
phone models 626 and 802. 

121. CUSH CRAFT -Full -line catalog, CB -68, 
of CB base -station antennas and accessories. 

122. DOBBS/STANFORD - 1968 catalog of 
microphones, headphones, and wireless head- 
phones. 

123. MOSLEY-Catalogs on antennas for TV/ 
FM, CB, and ham use. 

COMPONENTS 
124. BELDEN-Catalog 867, a 56 -page catalog 

of the complete Belden line. 

125. BUSSMAN-12-page bulletin, SFUS list- 
ing the complete line of BUSS and FUSE- 
TRON small -dimension fuses by size and 
type also indicates proper fuseholder and 
shows list prices. 

126. CENTRALAB-24-page replacement parts 
catalog 33GL. 

127. CORNELL-DUBILIER - New 4 -page 
Color-lytic list.' 

128. MALLORY -Bulletin 4-82 describes ra- 
dial- and axial -lead tantalum capacitors. 

129. MILLER -Catalog 167, a 156 -page general 
catalog with complete cross-reference guide. 

130. LITTELFUSE - Pocket -sized TV circuit - 
breaker cross reference, CBCRP, gives the 
following information at a glance: manu- 
facturer's part number, price, color or b -w 
designation, and trip ratings. 

131. UAM-NICHOLS-Catalog No. 67 has in- 
formation on the entire line. 

132. SPRAGUE -C618, the 1968 general -line 
catalog, is offered.' 

133. TEXAS CRYSTALS -12 -page catalog of 
crystals including engineering data, speci- 
fications, and prices. 

134. WORKMAN -46 -page catalog #100 of re- 
sistors, fuses, circuit breakers, brighteners, 
adaptors, and test accessories. Cross-refer- 
ence charts are included. 

SERVICE AIDS 
135. CASTLE TUNER -Fast overhaul service 

on all makes and models of television tuners. 
Shipping instructions, labels, and tags are 
also included. 

136. GC -FR -67, the full -line catalog. 
137. MID -STATE TUNER SERVICE -Flyer 

describes 24 -hour tuner service. 
138. PERMA-POWER - Technical Bulletin 

LCC-502 describes brighteners for color 
CRT's. 

139. T.Y. TUNER SERVICE -Brochure lists 
cost and mailing instructions for 24 -hour 
service on any make tuner. Repair tags and 
shipping labels included. 

SPECIAL EQUIPMENT 
140. A TR -Literature about DC -AC inverters 

up to 600 watts load. 

141. COMPONENTS SPECIALTIES -Flyer 
on SPECO Fire Guard is offered. 

142. SONIC INDUSTRIES -Flyer describes 
wireless converters for intercepting police 
and fire calls. 

143. SOUNDOLIER-Specifications of 2 -amp 
and .4 -amp DC power supplies. 

144. STANDARD KOLLSMAN-Flyers de- 
scribe replacement TV tuners, built-in UHF 
converters, external UHF -to -VHF and 
VHF -to -VHF converters, and contact - 
cleaner kits. 

145. TERADO-Flyer describes voltage booster 
for portable electric tools. 

TECHNICAL PUBLICATIONS 

147. CLEVELAND INSTITUTE OF ELEC- 
TRONICS -Free illustrated brochure de- 
scribing electronics slide rule, four -lesson 
instruction course, and grading service. 

148. RCA INSTITUTES -New 1968 career 
book describes home study programs and 
course in television (monochrome and color), 
communications, transistors, and industrial 
and automation electronics.' 

149. SAMS, HOWARD W. -Literature de- 
scribing popular and informative publica- 
tions on radio and TV servicing, communi- 
cations, audio, hi-fi, and industrial elec- 
tronics, including special new 1968 catalog 
of technical books on every phase of elec- 
tronics. 

TEST EQUIPMENT 

150. B & K -Bulletin ST -32B describes test - 
equipment line.' 

151. COLETRONICS - Flyers give specifica- 
tions and prices of tube -socket adapters. 

152. EICO-New spec sheet describes model 
100A4 multimeter with DC sensitivity of 
100K ohms per volt. 

153. HICKOK-Quick-reference catalog No. 
67D gives brief descriptions and prices for 
complete test -equipment line. 

154. LECTROTECH-Two-color catalog sheet 
on new Model V6 -B color bar generator 
gives all specs and is fully illustrated. 

155. MERCURY -All -new 16 -page test-instru 
ment catalog. 

156. PRECISION -Bulletin PST -35 describes 
test -equipment line. 

157. SECO -Operating manual for the 1-1C8 in - 
circuit current checker for horizontal -output 
tubes. 

159. SENCORE-New 12 -page catalog on all 
SENCORE products.' 

160. SIMPSON-Reprint, "A Guide to the Se- 
lection of Multitesters" explains how to 
evaluate multitesters before you buy. 

161. TRIPLETT-New catalog 52-T describes 
complete line of VOM's, test equipment, 
and accessories. The Model 600, transistor- 
ized volt -ohmmeter is featured. 

TOOLS 

162. ARROW -Catalog sheet showing 3 staple - 
gun tackers designed for fastening wires 
and cables up to %" diameter. 

163. ENTERPRISE DEVELOPMENT - Bro- 
chure from Endeco demonstrates improved 
desoldering and resoldering methods for 
speeding and simplifying operations on PC 
boards. 

164. SWING -O -LITE -Catalog sheet on Models 
BBM-9 and BB45 bench lamps. 

165. UNGER -Information sheets and technical 
data for various soldering irons and equip- 
ment. 

166. VACO -Catalog SD -119 describes Snap 
Driver kit featuring 30 blades that fit one 
handle. 

167. XCELITE-Bulletin N867 describes hol- 
low -shaft nutdrivers which speed lock -nut/ 
screw adjustments. 

TUBES AND TRANSISTORS 

168. GENERAL ELECTRIC - Entertainment 
semiconductor almanac, ETR-4311C, and 
picture -tube replacement guide, ETR-702K, 
are offered. 

169. INTERNATIONAL RECTIFIER - New 
MRO (maintenance, repair, and operation 
service) catalog has 12 pages of semicon- 
ductor listings and a 4 -page glossary. 

170. MOTOROLA -HEP cross-reference guide 
lists approximately 12,000 semiconductor 
types. 

171. RCA-PIX-300, a 12 -page product guide 
for RCA picture tubes covering both color 
and black -and -white.' 

172. SEMITRONICS -A zener-diode replace- 
ment chart is available. 
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USE THE HANDY CARD 

BELOW TO OBTAIN FREE 

CATALOGS & LITERATURE 
As a service to its readers, PF RE- 

PORTER makes this postpaid card avail- 
able for your convenience in obtaining 
current manufacturers' literature. 

To use the card simply: 
a. Circle the numbers correspond- 

ing to the numbers of the items 
appearing either in the "Catalog 
& Literature" department or in 
the "Product Report" depart- 
ment. 

b. Print your name and address and 
check your occupation. 

c. Include ZIP code-requests may 
not be filled without it. 

d. Tear out lower half of this insert 
and place in mailbox. 

Note the deadline date - Requests 
received after this cannot be handled. 

Subject Index on Reverse Side 

www.americanradiohistory.com
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Put yourself 
in the profit picture 
All the items shown are available from your local 
participating RCA Tube Distributor with your purchases of 
RCA receiving tubes and picture tubes. 

RCA TRANSISTOR SERVICING 
GUIDE (1A1673)-This very impor- 
tant Guide will be indispensable 
to you in your understanding of 
transistor theory, amplifier prin- 
ciples and considerations and 
servicing! 

THE RCA FIELD SERV- 
ICE GUIDE FOR RCA 

COLOR RECEIVERS 
FOR 1967 AND 1968 
(ERT-201 ) - This 
Guide helps you per- 
form all adjustments 
on 1967 and 1968 RCA Color TV Receivers 
that can be performed in the home. 

31.1111111111130 
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Receiving Tubes 

Picture Tubes 

liei I 
Expert Serrice El 

MODERN CLOCK DISPLAY (1A1683) 

INDOOR THERMOMETER 
(1A1689) 

A complete Subscription to RCA 

Service Notes for 1968 (1A1681) 

RCA HOT CHECK LAMP (1A1677)-Adjust the horizon- 
tal output tube current of a color TV set quickly and 
easily, to prevent premature tube failure and the 
resulting call back. 

IMPERIAL NON-STICK TEFLON* COATED CUTLERY 
(1A1697) (1A1696) (1A1698)-A 6" French Chef's 
knife, a 71/2" slicing and carving knife, and a 

spreader -trimmer blade. 
*TEFLON is a DuPont approved finish 

TOP QUALITY SERVICE WITH 

RCA TV TUBES 
REFLECTIVE SAFETY BUMPER STRIP (1D1335)-Offers 
day and night visibility for a service message on 

back of truck. 3" x 12". 

PORTA -FILES FROM HAM- 

ILTON SKOTCH (1A1699) 
(1A1700)-The Porta -File 

is a great way to organize your important records and 
valuable papers. Porta -File and Kabinette combination 
is even better. 

WINDOW DISPLAY ON RCA RECEIVING 
TUBES AND PICTURE TUBES (1A1685)- 

331/2" high; 191/4" wide; 6" deep. 
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FABULOUS ELECTRIC 
RAZORS FROM SCHICK 
(1A1 694M) (1A1 694L) 
-For -nen, the Schick 
"Traveler". For ladies, 
the "Lady Petite". 

SAFETY GOGGLES (1A1 691) 

Expert 

Service 
RECEIVING 

L) TUBES 

PICTURE 
TUBES 

SATIN COLOR TV SERVICE BANNER 

(1A1686) 

VINYL 
COUNTER 
CHANGE MAT 
(1A1684) 

Available through your local 
participating RCA Tube Distributor 
with your purchases of RCA 
Receiving Tubes and Picture Tubes. 
See him today! 
RCA Electronic Components, 
Harrison, N.J. 

RCR 
www.americanradiohistory.com



Introducing a Complete Line 
of Littelluse 

Quality Circuit Breakers 

Actual Size 
134" X 1716" X Y2" 

Exact replacement 
from factory to you 
Designed for the protection of television receiver circuits, the 
Littelfuse Manual Reset Circuit Breaker is also ideally suited as a 
current overload protector for model railroads and power operated 
toy transformers, hair dryers, small household appliances, home 
workshop power tools, office machines, small fractional horsepower 
motors and all types of electronic or electrical control wiring. 

LIT TE F U DES PLAINES, ILLINOIS 

Circle 41 on literature card 
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