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From the beginning, 
our goal has been to 
provide the best tuner 
service -never the 
cheapest. You get what 
you pay for in business 
and tuner service is no exception. 
The extra dollar you might pay at PTS 

is peanuts when you consider the added 

reliability and the 
standards of excel- 

lence we apply to every 
job. Thousands of PTS 

customers must agree or 
we wouldn't be the world's 

largest tuner service company. 
When you are comparing tuner service 

companies, price alone doesn't tell the story. 

SAME DAY SERVICE ORIGINAL PARTS ONE YEAR WARRANTY 

WE REPAIR THEM ALL ... COLOR, BLACK & WHITE, TUBE, 

TRANSISTOR OR ELECTRONIC/VARACTOR ... ANY MAKE OR MODEL. 

VHF or UHF.. . .$11.95 UV -Comb. . . .$18.95 
(MAJOR PARTS AND SHIPPING EXTRA - DEALER NET) 

PTS ELECTRONICS, INC. 
PRECISION TUNER SERV CE 

General Headquarters: P.O. Box 272, Bloomington, IN 47401 

THE COMPLETE LIST OF ALL PTS SERVICE CENTERS APPEARS ON THE NEXT PAGE. 
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18 Servicing GE Modular Color TV, Part 7 (VIR-Controlled 

Color) -Both color level and tint are adjusted automatically by 
this unique digital system, during those TV programs that 
include the VIR signal. Many scope waveforms are included 
-Gill Grieshaber, CET. 

29 Convergence Trouble Symptoms And Repairs -Here is a 
refresher course in convergence principles, the new circuits for 
solid-state color TV's, and suggestions for finding defects in 
convergence circuitry -Robert L. Goodman, CET. 

41 TV Tube Stock -According to one independent service dealer, 
who repairs all brands, these were the fast-moving tubes for 
1976 -Gill Grieshaber. 

42 PLL...A New Brain For CB Radios -Phase -Locked Loop (PLL) 
technology makes possible a transmit/receive oscillator for all 
40 CB channels with only three crystals -Manin J. Beasley. 
CET. 

53 Reports From The Test Lab -This month, the WD -750A 
Digital VoltOhmyst and the WA-504B/44D Audio Generator 
from VIZ are examined -Carl Babcoke, CET. 

ABOUT THE COVER 
This picture, photographed from the screen of a color -TV 
receiver, illustrates the operation of the General Electric module 
(see inset picture) which automatically corrects the color and tint 
according to the condition of the VIR signal. 
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YOU'VE GOT US 

WHERE YOU 

WANT US! 

T . ORL 
LARGEST 

TUNER SERVICE 
iitCLOSE TO YOU! 

NORTHEAST 

SPRINGFIELD, MA 01103 
191 Chestnut. P.O. 3189 

413-734.2737 
PHILADELPHIA 

Upper Darby, PA 19082 
1742.44 State Rood 

215.352-6609 
PITTSBURGH, PA 15202 

3116 Merriam Lane. P.O. 6149 257 Riverview Ave.. P.O. 4130 
913-831-1222 412-761-7648 

MINNEAPOLIS, MN 55408 E. PATERSON. NJ 07407 
815.W. Lake St., P.O. 8458 158 Market St., P.O. 357 

612-824-2333 201.791.6380 
ST. LOUIS, MO 63130 BUFFALO, NY 14212 

8456 Page Blvd.. P.O. 24256 993 Sycamore St.. P.O. 1241 
314.428-1299 716.891.4935 

DETROIT, MI 48235 BOSTON 
13707 W. 8 -Mile Rd. Sommerville, MA 02144 

313-862.1783 52 Holland St..Davis Sq..P.0.187 
GRAND RAPIDS, MI 49501 617-666-4770 

1134 Walker Northwest SYRACUSE, NY 13204 
P.O. 1435 418 Solar St., P.O. 207, Salina Sto 

616.454.2754 315-475-2330 
CINCINNATI, OH 45216 

8172 Vine St., P.O. 15491 
513.821.2298 

MILWAUKEE, WI 53218 
7211 Fond du Lac 

414.464.0789 PACIFIC 
COLUMBUS, OH 49227 

4005A E. Livingston 
614-237-3820 

INDIANAPOLIS, IN 46202 
28 E. 14th St. 
317.631.1551 

DAVENPORT, IA 52805 
2024 E. River Dr., P.O. 187 

319-3233975 
OMAHA, NE 68132 
5008 Dodge Street 

402-558.1800 
CHICAGO 

Berkeley. IL 60163 
1756 S. Taft Street 

312-449ß082 

MIDWEST 

Home Office 
BLOOMINGTON, IN 47401 
5233 S. Hwy. 37, P.O. 272 

812-824.9331 
CLEVELAND, OH 44134 

5682 State Rood 
216-845-4480 

KANSAS CITY, KS 66106 

BALTIMORE. MD 21215 
5505 Reisterstown Rd. 

301.358.1186 

SACRAMENTO, CA 95841 
4611 Auburn Blvd., P.O. 41354 

916.482-6220 
SAN DIEGO, CA 92105 

51 I 1 UniversityAve..P.O. 5794 
714.280-7070 

LOS ANGELES, CA 90023 
4184 Pacific Way 

213.266.3728 
PORTLAND, OR 97213 
5220 N.E. Sandy Blvd. 

P.O.13096 
503-282.9636 

SEATTLE- WA 98109 
432 Yale Ave. N, P.O. 9225 

206.623-2310 

SOUTH MOUNTAIN 
JACKSONVILLE, FL 32210 DENVER 

1918 Blanding Blvd.. P.O. 7923 Arvada, CO 80001 
904-389.9952 4958 Allison St., P.O. 672 

WASHINGTON, DC 303-423-7080 
Silver Spring, MD 20910 SALT LAKE CITY. UT 84106 

8880 Brookville Rd. 1233 Wilmington Ave. 
301-565-0025 P.O.6218 

CHARLOTTE, NC 28225 801-484.1451 
724 Seigle Ave., P.O. 5512 PHOENIX, AZ 85061 

704-332-8007 2412 W. Indian School Rd., 
BIRMINGHAM, AL 35222 P.O. 27248 

524 -32nd St. 5o., P.O. 31004 602-266-0582 
205-323-2657 

MEMPHIS. TN 38110 
3614Lamar Ave., P.O. 18053 LONGVIEW, TX 75601 

901.365-1918 Mopac Rd., P.O. 7332 
NORFOLK, VA 23504 214.753-4334 

3118 E. Princess Anne Rd. OKLAHOMA CITY, OK 73106 
804.625-2030 3007 N. May, P.O. 60566 
NEW ORLEANS 405-947-2013 

Metairie, LA 70004 HOUSTON, TX 77207 
3920A Airline Hwy., P.0.303 4326TelephoneRd.,P.0.26616 

504-837-7569 713-644-6793 
TAMPA. FL 33690 

27035. Macdill, P.O. 14301 
873-839.5521 

NASHVILLE, TN 37214 MONTREAL. QUEBEC H2 P2 M4 
2426 A Lebanon Rd. 8400 St. Laurence Blvd-. Room 205 

615-885.0688 514.381.5838 

SOUTHWEST 

CANADA 
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SUBBER ® 
MARK IV -CAWS 

A TIMESAVING 
INSTRUMENT 
BY CASTLE 

UHF -VHF Tv tuner and i -f signal analyst 
I -tcorperct ;s these important features: 

Ture: all UHF & VHF Channels 
ElectDnic Fine Tuning 
Deal 40 MHZ IF Output Jacks 
Batte y Condition Indicator 

MARK IV-CUVB Net $64.95 
¡BATTERY PC,WER 3. ONLY) 

CASTLE ELECTRONICS 
5233 Olc South Highway 37 Bloomington, Indiana 47401 

For More -Details an E- acifications Contact Your Nearest Distributor 
In Ca -cda: Len Finkler Ltd; Ontario 

For Meare Details Circle (4) on Reply Card 

SpaceSaver: 
Néw RCA Flameproof 
Film Resistor Kit 

Introducing RCA's convenient, preloaded 
and prelabeled Flameproof Resistor Kit 
containing a wide range of the most - 
needed, standard value resistors in 1/2, 1 

and 2 watt ratings. Two of each rating fora 
total of 330 resistors; all ±2% tolerance. 
Packed in asturdy metal -frame cabinet for 
easy availability. 
Service Technicians prefer RCA Flame- 
proof Film Resistors because of their 
inherent safety characteristics. Design 
Engineers prefer them because they won't 
flame or short even under severe condi- 
tions. Look to RCA - your best single 
source for a complete line of flameproof 
film resistors. 
Contact your authorized RCA Parts Dis- 
tributor for all the details, or write to RCA 
Distributor and Special Products Division, 
2000 Clements Bridge Road, Deptford, NJ 
08096. 

RC,' 
Flameproof 
Film Resistors 

For lülore Details Circle (5) on Reply Card 

Editorial, advertising and circulation cor- 
respondence should be addressed to: 9221 
Quivira Road, P.O. Box 12901, Overland Park, 
Kansas 66212 (a suburb of Kansas City, 
Missouri). (913) 888-4664. 

EDITORIAL 

RONALD N. MERRELL, Director 

CARL H. BABCOKE, Editor 

DEBORAH POWELL, Editorial Assistant 

DUDLEY ROSE, Graphic Designer 

EDITORIAL ADVISORY BOARD 

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

JOE A. GROVES, Technical Consultant 
Howard W. Sams & Co., Indianapolis 

CIRCULATION 

GREG GARRISON, Director 

EVELYN ROGERS, Manager 

em 

ItsABP <AeC>; 

Member, American Business Press 

Member, Audit Bureau of Circulations 

ADMINISTRATION 

GEORGE H. SEFEROVICH, President 

MIKE KREITER, Publisher 

ADVERTISING SALES 

Overland Park. Kansas 66212 
(a suburb of Kansas City, Missouri) 

Phone: (913) 888-4664 

GLORIA PARMENTER, Production 

Regional and Advertising Sales Offices 
with Advertising Index 

ELECTRONIC SERVICING (with which is 
combined PF Reporter) is published monthly 
by Intertec Publishing Corp., 9221 Quivira 
Road, Overland Park. KS 66212. 

ELECTRONIC SERVICING is edited for tech- 
nicians who repair home -entertainment elec- 
tronic equipment (such as TV, radio, tape, 
stereo, and record player), and for industrial 
technicians who repair defective production - 
line merchandise, test equipment, or in- 
dustrial controls in factories. 

Subscription Prices: 1 year-$6.00, 2 years- 
$10.00, 3 years-$13.00, in the U.S.A. and its 
possessions. All other foreign countries: 1 

year-$7.00, 2 years-$12.00, 3 years- 
$16.00. Single copy 75 cents; back copies $1. 
Adjustment necessitated by subscription ter- 
mination to single copy rate. Allow 4-6 weeks 
delivery for change of address. Allow 2-3 
weeks for new subscriptions. 

Ip 
INTERTEC PUBLISHING CORP. 

Subsidiary of HOWARD W. SAMS & CO., INC. 
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45 CFANNEL CO Rr rUNER 

E2 fV CORE 
iG GrNEPA*O 

GP[DUr NCv CUUN1G4 
AND 0151.1. .400 r 

CBAR CB ANALYZER 

Mil III.,,,. 
AUDIO 0,o, 

CAPABI L I y 
et exctusive 

percent Oft Chael nn 

direct readout 
(patent Pending) S975 

All cables included 

With Everything You Need for Fast CB Service 
in One Lower Priced, Compact Instrument . . 

AVOID TIME -WASTING MULTIPLE INSTRUMENTS 

AND CONFUSING CABLE SYSTEMS. GET AT THE 

PROBLEM IN A JIFFY WITH THE 

I\JCOF=t CB42 

AUTOMATIC CB ANALYZER 

It's a CB Profit Center All in 
One Handsome Instrument 
The CB service market is growing and more "on the ball" 
technicians are getting into the act every day. Compe- 
tition for the CB business is getting tougher and you'll 
want to be sure you can compete. Knowledge alone won't 
be enough. You'll want to get ahead by simplifying your 
work to get the most jobs out with the least effort. You'll 
want to concentrate on your troubleshooting and not 
fiddle with 15 cable connections and 28 knobs on differ- 
ent instruments. So you will want to get an instrument 
that takes you from antenna input to speaker, and from 
mike to antenna load in one neat package. 

To top that off, the complete CB42 is hundreds of dollars 
below the nearest competition, and thousands below 
most. We've got our competition beat, and you'll beat 
your competition, too, by saving these six ways with this 
CB42 Profit Center. 

AVE ON REPAIR TIME: 
One simplified tester in a single case saves time on every test 
on any CB that comes in your door, including Single 

Sideband sets; you won't even need a scope. 

SAVE ON BENCH SPACE: 
The CB42 takes less than one-third the bench space of other 
equipment. You can even take it to the field with you, for 

on -the -spot mobile checks, since it is also 12 Volt battery powered. 

AVE ON ANNOYING HOWL: 
Why get a screwdriver in the back from the guy next to you, 
when you can substitute for that annoying speaker howl? 

Just plug the built-in speaker sub cable into the transceiver and 
quietly monitor the audio output on the meter. 

SAVE ON READOUT TIME: 
One direct -reading digital readout saves interpretation time 
and reading errors. You'll know the CB's frequency, genera- 

tor frequency, Percent Off -Channel, positive/negative modulation 
and distortion, RF output, and audio output with a simple flick of a 

switch. Only the CB42 is this simple and complete. 

SAVE ON TIME CONSUMING CONNECTIONS: 
Three cables, provided with your CB42, do the entire job; 
audio cable, transmitter cable, and receiver cable. 

AVE ON CHANNEL CHECKING 
Simply rotate the CB42 and CB selectors through all 40 
channels and read "percent off center frequency" on the 

direct -reading digital meter (.005% FCC maximum deviation) in less 
than two minutes for all 40 channels. 

E2 
BY SEiyC 

100% 

E GUAR 

I O FR 
3200 Sencore Drive, Sioux Falls. South Dakota 57107 
Phone (605)3390100 

VALUE LEADERS IN RADIO-TV, 
2 WAY AND MRO INSTRUMENTS 1346P 
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miscaooer 
news of the ndustry 

The first legal sale of a 40 -channel CB radio in the United States was credited to 
Chick Whitfield, owner of the Radio Shack dealership in Tamuning, Guam. On 
January L 1977 at 12:01 A.M. (13 hours before midnight in the continental United 
States) Whitfield sold the first Realistic 40 -channel model CB to Fritz Heiss. The 
event took place at a New Year's Eve party. 

GTE Sylvania has received a contract from the US Army to explore applications 
for fiber -optics technology in future electronic communications equipment. A team 
of specialists is studying how hair -thin strands of glass called optical fibers can 
replace conventional cable and copper wire in tactical defense communications 
systems. Optical fibers are particularly well suited for defense communications, 
because of their immunity to electromagnetic interference. 

The RCA Service Company recently began a new consumer program to increase 
customer satisfaction with television set repairs, by making certain that service is 
provided on the day promised. "When we make a date to visit a customer's home, 
we'll keep that date. If we fail to keep it, the customer will pay no labor charge," 
says Sigmund Schotz, Vice President of Consumer Affairs. 

Many television manufacturers are "looking at, but keeping away from" video 
games, according to Retailing Home Furnishings. It is feared that building simpler 
nonprogrammable games into sets will result in immediate obsolescence because of 
the rapid production of new video games. 

Increased federal regulation must be used to prevent self-destruction of the 
consumer -electronics industry, according to statements of Raymond Spence, Jr. 
(chief engineer of the FCC), which were quoted in Retailing Home Furnishings. 
Many new products radiate signals. Examples are radio -controlled toys, light bulbs 
of higher efficiency, and video games. Also, the radiation specs of TV receivers 
and CB radios might require tightening to minimize the RF pollution. Here at 
ELECTRONIC SERVICING, we are receiving more reports of CB stations being 
heard on stereo systems and electronic organs, so these concerns about RF inter- 
ference seem to be justified. 

Television sets with permanent VHF antennas must also have permanent UHF 
antennas as of January 1, 1978. According to the Wall Street Journal, the FCC 
acted on this ruling in answer to complaints from UHF broadcasters who claim 
they are placed at a disadvantage. Manufacturers usually ship loose UHF antennas 
with the set, but if the buyer fails to attach it, UHF channels will not be received. 

continued on page 6 
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Sylvania 
introduces the first 
5 -year warranty 
on picture tubes. 

How can we give you a limited 
warranty this good? 

Because we have complete con- 
fidence that our Color Bright 85® 
picture tubes will outlast this 5 -year 
warranty and keep on giving your 
customers beautiful pictures. 

We produce these tubes on the 
same equipment as our All -New line 
which is sold as original equipment 
to TV set manufacturers. 

It's terrific to be able to offer your 
cústomers a high -quality tube with a 
warranty lüKe this at no risk to you. 
There's good profit in it, too. So get 
in touch with your local distributor 
today, and get cracking on your first 
five years. 
*Limited Warranty, naturally. 
It doesn't cover labor for replacing a tube. 

GO SYLVANIA 
GTE Sylvania, Electronic Components Group, 100 First Ave., Waltham, MA. 02154 

March, 1977 5 

www.americanradiohistory.com



glell o isca000r 
news o the indus y 

continued from page 4 

Johnson Educational Training Packages (JET PACS) are available for in -home or 
in -shop training on E. F. Johnson CB and two-way communication radios. The 
JET PACS, costing about $25 each, come in a variety of audio-visual formats, 
including film strips with tape cassettes, 3M soundpage 35 -MM slides with 
synchronized audio, and video tape with sound. The subject matter includes circuit 
analysis, alignment procedures, product familiarization, and digital synthesis. For 
more information, contact Daryl J. Thompson, E. F. Johnson Technical Education 
Center, Waseca, Minnesota 56093. 

Forest Belt illustrates a point at his 
first CB Training Workshop in Indi- 
anapolis, where he introduced the new 
Easi-WayTMServicing Method. A dozen 
more Workshops are scheduled around 
the country during 1977, ending with 
a two-week combination vacation and 
seminar in Hawaii! For details, write 
to Forest at Box 68120, Indianapolis, 
Indiana 46268. 

Sony Corporation of America has announced a new schedule of National Video 
Production Workshops. Seven workshops are scheduled for video users in business, 
industry, education, government, and medicine.. Additional information on the 
availability and costs of the services can be obtained from Jeff Glasser at Sony, 700 
West Artesia Boulevard, Compton, California 90220. 

Raytheon has completed the acquisition of Switcheraft, whose 1976 sales totalled 
$27 million. Switchcraft manufactures switches, jacks and plugs, audio connectors, 
and related equipment. The company will be operated as a wholly -owned 
subsidiary of Raytheon. 

A tiny Micro Switch solid-state sensor now used in 1977 Oldsmobile Toronados 
improves both gas mileage and performance. The Delco Remy Division of General 
Motors developed the sensor for Honeywell. At the heart of the pressure 
transducer is a sensor chip of 0.110 -inch size. Pressure changes inside the intake 
manifold of the engine flex the thin membrane of the sensor chip, causing the 
embedded resistors to change value. Other circuitry changes the resistance 
variation into a varying voltage, which through the microprocessor adjusts the 
tiring of the spark plugs. It's said that the sensor operation increases the gas 
mileage by about 1.3 mpg and gives cleaner combustion for less pollution. 

6 ELECTRONIC SERVICING 
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Tuner Service Corporation 

10" 
U.S.A. 
ONLY 

One Year 
Guarantee 

MODULE REPAIRS 
TSC has been 
repairing private 
brand TV modules 
for over 2 years. 

Expanded facilities 
now include modules 
for 

RCA 
GE 
ZENITH 
W. T. GRANT 
J. C. PENNEY 
WESTERN AUTO 
GAMBLES 

as well as Zenith 
IF subchassis. 

For free Price List and complete information write or phone; 

TSC HEADQUARTERS, BLOOMINGTON, IND. 
or any of the TSC locations listed below. 

PROVIDES YOU WITH A COMPLETE SERVICE 
FOR ALL YOUR TELEVISION TUNER REQUIREMENTS. 

VHF OR UHF ANY TYPE (U S.A. ONLY) $10.95 
UHF/VHF COMBINATION (U S.A. ONLY) $17.95 

MAJOR PARTS AND SHIPPING 
CHARGED AT COST. 

Fast, efficient service at our conveniently located 
Service Centers. 
All tuners are ultrasonically cleaned, repaired, 
realigned, and air tested. 

UNIVERSAL REPLACEMENT TUNER $13.95 (U. S. A. ONLY) 

This price buys you a complete new tuner built specifically 
by Sarkes Tarzian Inc. for this purpose. 

All shafts have a maximum length of 101/2" which can be 
cut to 11/2". 
Specify heater type parallel and series 450 mA. 
or 600 mA. 

CUSTOMIZE 
Customized tuners are available at a cost of $14.95 
and up. (U. S. A. ONLY) 

Send in your original tuner for comparison purposes 
to any of the Centers listed below. 

SAME DAY SERVICE - ONLY ORIGINAL 

TSC 

FACTORY PARTS USED 

HEADQUARTERS 
ALABAMA 
CALIFORNIA 

FLORIDA .. a... 
GEORGIA 
ILLINOIS. 

BLOOMINGTON, INDIANA 47401 
BIRMINGHAM, ALABAMA 35212 

.NORTH HOLLYWOOD, CALIF. 91601 
AN MATEO, CALIF. 94402 

537 South Walnut Street 
5623 1st Avenue North 
10654 Magnolia Boulevard 
B00 S. Amphlett Blvd. 

Tel. 812-334-0411 
Tel. 205-592-9150 
Tel. 213-769-2720 

, Tel. 415-348.3292 
Tel. 209-521-8051 
Tel. 813-253-0324 

.Tel. 305-566-4882 
Tel. 404-758-2232 

°.Tel. 217-384-2052 
Tel. 312-675-0230 

. 

MODESTO, CALIF. 95351 
TAMPA, FLORIDA 33606 
FT. LAUDERDALE, FLORIDA 33309 .... 
ATLANTA. GA. 30310 
URBANA, ILLINOIS 61801 
SKOKIE, LLINOIS 60076 

123 Phoenix Aven 
1505 Cypress St 

....3516 N.W. 10th Ave.. 
646 Evans St. S.W... 
908 E. Main Street 
5110 West Brown St : 

INDIANA...' .... ......INDIANAPOLIS, INDIANA 46204 ....... 112 West St. Clair Str Tel. 317-632-3493 
KENTUCKY' ...LOUISVILLE, KENTUCKY 40205 ...... 2244 Taylorsville Road. Tel. 502-452-1191 
LOUISIANA SHREVEPORT, LOUISIANA 711x. 2423 Southern Avenue ..Tel. 318-221-3027 
MASSACHUSETTS % PRINGFIELD, MASS. 01108 405 Dickinson St. ..Tel. 413-788-8206 
MISSOURI ST. LOUIS, MISSOURI 63132 9577 Page Avenue. . f .Tel. 314-429-0633 
NEVADA LAS VEGAS, NEVADA 89102 1412 Western Avenue Tel. 702-384-4235 
NEW JERSEY .. Tel. 609-393-0999 TRENTON. NEW JERSEY 088' 1139 Pennsylvania Av 

JERSEY CITY, NEW JERSEY 0 07 .454 Central Ave . ... ... .... ..... Tel. 201-792-3730 
NEW YORK ROCHESTER, NEW YORK 14615 37 Pullman Ave. Tel. 716-647-9180 
N. CAROLINA GREENSBORO, N.C. 27405 ... ......... ..2914 E. Market Str== Tel. 919-273-6276 
OHIO CLEVELAND, OHIO 44109 .... ......... 4525 Pearl Road -Tel. 216-741-2314 
OREGON PORTLAND, OREGON 97210 1732 N.W. 25th Ave., P.O. B,yp. Tel. 503-222-9059 
PENNSYLVANIA. PITTSBURGH, PA. 15209 515 Grant Avenue Tel. 412-821-4004 
TENNESSEE MEMPHIS, TENNESSEE 38111 ....... .. . 3158 Barron Avenue tel. 901-458-2355 
TEXAS DALLAS, TEXAS 75218 11540 Garland Road Tel. 214-327-8413 
CANADA ST. LAURENT, QUEBEC H4N-2L7 305 Decarie Boulevard Tel. 514-748-8803 

CALGARY, ALBERTA T2H-1Y3 P 0 Box 5823, Stn. "A" Tel. 403-243-0971 

WATCH US 
GROW For More Details Circle (7) on Reply Card 
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COMPLETE SERVICE ON 

ALL MAKES OF TV TUNERS 

Maximum Time In Shop 24 Hrs. 

(Warranty: One Full Year) 

(WE SHIP C.O.D.) 

YOU PAY SHIPPING 

$10.95 
Black & 
White 4, or Color 

VHF or 

it, 
UHF 

ezr 

UV Combo's $17.95 
Price includes all labor and parts ex- 
cept Tubes, Diodes & Transistors. If 
combo tuner needs only one unit re- 
paired, disassemble and ship only 
defective unit. Otherwise there will 
be a charge for a combo tuner. 
When sending tuners for repair, re- 
move mounting brackets, knobs, indi- 
cator dials, remote fine tuning ar- 
rangements and remote control drive 
units. 

WE UNCONDITIONALLY 

GUARANTEE All Tuners 

FOR ONE FULL YEAR 

All tuners are serviced by EXPERTLY 

TRAINED TECHNICIANS with years 
of experience in this specialized 
field. All tuners are ALIGNED TO 
MANUFACTURER'S SPECIFICA- 
TION on crystal controlled equip- 
ment and air checked on monitor 
before shipping to assure that tuner 
is operating properly. 

GEM CITY 

TUNER SERVICE 
Box 6G Dabei Station 

1621 Mardon Drive 

Dayton, Ohio 45420 

troubIeshootinu1IIJ 
Sena m your helpful tips-we pay' 

No Raster, no HV 
Zenith Chassis 12Al2C52 
(Photofact 1120-3) 

For the first test, I used my B&K 
Model 1077B Analyst to supply 
plate drive to the flyback, and 
found the raster and HV were 
restored. Next, the DC voltage at 
the control grid of the horizontal - 
output tube was measured and 
found to be within tolerance. From 
this, I assumed the horizontal 
oscillator was working okay. 

My conclusion was that the 
trouble must be in the wiring or 
components of the horizontal -output 
tube, since the circuit appeared to 
be normal on both sides. 

001 

IKv 
loti 

NORIZ OUTPUT 

861136 

3300 
4.7meg IOti 

4 -to 120V 

nSV 

0047 
loti 

Finally, I checked the DC voltage 
at the screen grid (should be 120 
volts), but found only about 25 
volts. I tried three separate output 
tubes, but with no change of 
symptoms. However, an ohmmeter 
test showed only about 1,000 ohms 
from the screen (pins 3 and 11) to 
ground. Of course, that's much too 
low. I removed the output tube 
from its socket, and short was gone. 

Although I didn't really under- 
stand the full implications of that 
last test, I tried to find the short by 
disconnecting all of the components 
from the screen grid pins, while 
monitoring the voltage at the 
screen. The voltage did not rise 
properly until I disconnected C297. 
Yes, the capacitor checked very 
leaky. 

The thing that fooled me was 
that C141 and R178 were soldered 
to pin 3, while C297 connects to pin 
11. I was checking the DC voltage 

at pin 3, so the internal jumper of 
the tube showed a short with the 
tube in socket, but no short with 
the tube removed. 

The moral is to watch out for 
internal jumpers in the tubes. 

Richard Sanderford, CET 
Raleigh, North Carolina 

r 
Don't cut 

yourself out 
of a career as a 
two-way radio 
technician... 
MTI offers the only training for 

professional FM two-way radio 
available. Qualified technicians 
are employed in government, in- 
dustry, and public service. But 
training is your key. 

You could cut out a career as 
a two-way radio technician by 
cutting out this coupon. We'll 
send you information on how you 
can learn more about this spe- 
cialized field, at home. 

Name 

Address - 

City/State/Zip 
I am a veteran or serviceman 
on active duty. c ca 

MT/ 

1 

formerly 

MOTOROLA TRAINING 
INSTITUTE 

College Hill, Summerdale, Pennsylvania 17093 
J 
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IT'S NO PUZZLE f 
TO ORDER 

OELRICH SERVICE FORMS 
FOR TV-RADIO & 2 WAY RA010 SERVICE LEGAL FORMS FOR CALIF FLA. 

UTAH NOW AT YOUR PARTS JOBBER OR WRITE FOR CATALOG B64 
OELRICH PUBLICATIONS 

4040 N NASHVILLE AVE. CHICAGO. ILLINOIS 60634 

For More Details Circle (32) on Reply Card 

FREE ALARM CATALOG 
Huge selection of burglar & fire sys- 
tems, supplies. Motion detectors In- 
frared beams controls, door switches 
bells, sirens. 900 items, 64 pp. packed 
with technical details, notes. 

Phone (602) 263-8831 

QQ( mountain west alarm 
Hf 4215 n. 16th st., phoenix, az. 85016 

8 

For More Details Circle (31) on Reply Card 

ELECTRONIC SERVICING 

www.americanradiohistory.com



GE designed 

living 

General Fle tric's new VIR Broadcast Controlled Color system 
is a true breakthrough for the consumer. But we also designed 
it to make your business easier. 

All the sophisticated \TIR control circuits are on one plug-in 
Simply oin bypass plugs module which you can bypass and remove in minutes. The set 

kccps working with manual color controls while you exchange 
or repair the module. Simple service instructions are packed with each set. 

At last, an advanced color control system designed to make your servicing 
easier. It helps you get the set back in action in less time performance 
than your customer expects. And that's the stuff heroes 

to keep the set working. 

TELEVISION 
are made of . It's our business tc make your business easier. 

SIMULATED TV PICTURE AND WOOD CABINET 

GENERAL ® ELECTRIC 

www.americanradiohistory.com
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.. 

YV 1r71'S 

ANTENNù 
FEST FOR COLO r 

Dean Johnson and Pete Ch iders, 
Joliet, 'l. 

John Buckner, 
Lyndor_ Ky. 

Andy Winters, 
and Don Beogar, 
Palmyra, Ne Jersey. 

Vic Hyek, 
Nada, Texas. 

Bi I Hughes, 
A'rreville, Florida. 
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WINEGARD WORKS...For Me! 
Here are 10 of the reasons why 
WINEGARD WORKS...For ME! 

1 
Winegard PRODUCTS work for me. Variety as 
well as quality in the complete line of TV 

reception products is important to me. I can take 
care of my customers, with confidence. Winegard 
engineering research innovates new products to 
solve problems, or improve TV reception, as I 

found with the new low noise UHF preamp-antenna 
combination. 

2 The Winegard NAME works for me. It gives 
me the top national brand name in my busi- 

ness, to sell, install, and recommend. When you 
are in your own business, you have to have 
a manufacturer back of you that you can 
depend on. 

3 The Winegard REPUTATION works for me. 
Most all my customers and prospects know 

the Winegard name, and know their products are 
excellent. This consumer acceptance makes my 
selling job easier than it would be with an un- 
known or lesser known brand. 

4 Winegard's MARKETING works for me. Their 
advertising, publicity and promotions reach 

customer prospects and create sales opportunities 
for me. Winegard helps build my business. 

5 Winegard INFORMATION works for me. 
Winegard communicates with me, through* 

distributor meetings, trade advertisements, prod- 
uct announcements, technical articles by their 
engineers, and with their Dealer Newsletter. 

6 Winegard DISTRIBUTION works for me. My 
local distributor carries Winegard products in 

stock so I can always get what I need, fast. 

Winegard PROFITABILITY works for me. 
Winegard has stayed in business for over 20 

years because they make the finest products, and 
because they make a profit. They expect me to 
make a profit, too. With the right products, and my 
experience, I do make a good profit. 

8Winegard SALES HELPS work for me. Litera- 
ture, sales tools, ad materials and displays 

are available to me, to promote and secure new 
business. My store, truck, and uniform also identify 
me as a Winegard antenna dealer. This all helps 
me cash in on Winegard advertising. 

9 Winegard RELIABILITY works for me. Wine- 
gard's manufacturing facilities, research 

capabilities, product testing, quality control, and 
delivery via their own truck fleet are aimed at 
getting to me the kind of reception products I need 
to satisfy my customers. They count on me. I 

count on Winegard. 

l0 Winegard INSTALLATIONS work for me, 
too. Whenever I install Winegard products, 

I can count on the customer being satisfied. I also 
expect to get additional business from that cus- 
tomer's neighbors and friends. And that's the best 
part ... when your customers recommend you. 

Winegard works ... for professional installers all over 
the country. Just call your Winegard distributor, 

or write to us. Let us work for you. 

WINEGAR 0 
The Winegard Company 3000 Kirkwood Burlington, Iowa 52601 

For More Details Circle (8) on Reply Card 
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L 

Chassis-Sylvania E08 
PHOTOFACT-1481-2 

I IC302 

OUTPUT 

10 

Symptoms and cures 
compiled from field reports 
of recurring troubles 

OPEN 

OUTPUT 

+28 V 

TO VERT YOKE 

Symptom-Drive to IC302 okay, but no vertical sweep 
Cure-Check diode SC352, and replace it if open 

Chassis-Sylvania E02 
PHOTOFACT-1324-3 

1 

7 

8 

2 

VERT 
VERT TRANS 

YOKE 

VERT 

YOKE 
VERT TRANS 

.22 

PHASE 

OPEN 

HORIZ 
PULSES 

Symptom-Excessive height near center of picture 
Cure-Check R377, and replace it if open or increased 

Chassis-Sylvania D05 
PHOTOFACT-905-3 

/I 
O N 

REPLACE 

CONVERGENCE 

DIODES 

Symptom-Erratic height, or bottom foldover 
Cure-Replace assembly of diodes on the con- 
vergence board 

T 

Chassis-Sylvania E10 
PHOTOFACT-1477-3 

12e.VAC 

+35 V 

SOURCE 

OPEN OR LEAKY 

Symptom-Single hum bar in picture 
Cure-Check SC522 and SC524, and replace them if 
leaky or open 

Chassis-Sylvania E06, etc. 
PHOTOFACT-1432-3 

Symptom-HV arcing, or excessive HV 
Cure-Check C448, and replace it if open (part 
#45-33037-13) 

-r i 

1 

Chassis-Sylvania D06 
PHOTOFACT-1072-2 

VERT VERT 

TRANS YOKE 

VERT VERT 

TRANS YOKE 

470 

470 Q 

PINCUSHION 

LOW END OF 

HORIZ YOKE 

B -BOOST 

220 Q 

OPEN 

Symptom-Rounded vertical bars at left edge of pic- 
ture 
Cure-Check R109, and replace it if open or increased 
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tiexcbanoe 
There is no charge for listing in Reader's Exchange, but 
we reserve the right to edit all copy. If you can help with 
a request, write direct to the reader, not to Electronic 
Servicing. 

Needed: Service manuals for electronic organs, all 
makes and models. Quote price, and conditions of 
sale. 

Bill Cushing 
630 NW 11th Avenue 
Boca Raton, Florida 33432 

Needed: Schematic and/or service manual for 
Sencore CG10 color bar generator. Will buy, or copy 
and return. 

Lloyd Stoops 
RT 3 Box 127-B 
Foxworth, Mississippi 39483 

Needed: Schematic or owner's manual fbr RCA 
six -band radio, Model RLM-77A, Serial #80550012. 

John Brouzakis 
RD 2 Box 602E 
Charleroi, Pennsylvania 15022 

Needed: For my antique -radio library: old text books; 
old Rider. Gernsback. Supreme, and factory man- 

uals; magazines .from the '20's and '30's. Please 
describe what you have and price wanted. 

Lawrence Beitman 
1760 Balsam Road 
Highland Park, Illinois 60035 

Needed: Two 6N6G tubes; also Sentinel radio Model 
.344, part number 35E34 -pointer. 

K. W. Hamilton 
Route #1 Box 66-3 
Friendly, West Virginia 26146 

Needed: "Electronic Organs, Volume 2" written by 
Norman Crowhurst, Sams book number 20754, now 
out of print. 

M. W. Scheldorf 
835 First Avenue, Box 84 
Marseilles, Illinois 61341 

For Sale: Back issues of Electronic Servicing from 
1970 to present, 20 cents per copy, or 10 cents per 
copy for all. 

Louis J. Kozelsky 
115 Iroquois Lane 
Liverpool, New York 13088 

Needed: E. H. Scott radios, parts and literature. 
Would like correspondence with owners. 

Robert Fabris 
3626 Morrie Drive 
San Jose, California 95127 

continued on page 16 

Built to last 
Our new 31/2 -digit LED autopolarity digital VoltOhmyst® is quality - 
constructed for long, hard service. 

Fast and accurate measurement of ac and 
dc volts, current, and resistance. 
Built-in analog panel meter for peaking 
and nulling. 
Hi- or Lo -power ohms selector. 
120V/240V ac or battery operation 
with built-in charger. 
RF shielded, with rugged vinyl -clad 
case. 

WD -750A 
$267.00 

VIZ Test 
Instruments Group 

of VIZ Mfg. Co. 
335 E. Price St. 
Phila. PA 19144 

6645 

Formerly 

Instruments 

March, 1977 
For More Details Circle (23) on Reply Card 
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Be a SuperTech... 
Get RCA's new Module Kit 
for the 1977 "XlendedLif¢" chss. 

Readers' Exchange continued from page 15 

Needed: A good. used 440MB4 B&W CRT. Also, 
source .for other used CRT's. 

M. B. Danish 
Mike's Repair Service 
P.O. Box 217 
Aberdeen Proving Ground, 
Maryland 21005 

Needed: Schematic for Dumont stereo Model 
Series B. 

E. W. Dennis 
3830 Bernard Place 
Columbus. Ohio 43224 

Needed: Horizontal -output transformer for a Walt- 
ham portable color TV. Model CP15W. Part can be 
new or used. but good. 

a Maurice M. Bolin 
2315 E! Toro Circle 
Hemet, California 92343 

For Sale: Most issues of Electronic Servicing and 
Radio -Electronics for the past 25 years. Any reason- 
able oder. 

Paul Smith 
511, 44 West Drive 

New York Mills, New York 13417 

Needed: 189-KHz crystal, plug-in type for a Precision 
color -bar generator, Model E-450. 

E. W. Dennis 
3830 Bernard Place 
Columbus, Ohio 43224 

Needed: Schematic for Shield VOM, TE -97. Will 
buy, or copy and return. 

William B. David 
209 Fir Avenue 
Montgomery, Minnesota 56069 

Needed: A schematic of Stromberg -Carlson AU -29 
ampl(fier. Will buy, or copy and return. 

Martin H. Cecil 
5305 Sheffield Drive 
Owensboro, Kentucky 42301 

For Sale: Two B&K 1076 analysts, $150 each; RCA 
audio signal generator WA44B, $25; RCA RF signal 
generator WR49B, $25; Eico 460 scope, $75; Eico 
324 VTVM (new probe), $50; and B&K 360 VOM, 
$25. Most equipment with cables and manuals. 

Duane M. Gage 
Box 202 
No. Truro, Massachusetts 02652 

16 ELECTRONIC SERVICING 
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Be prepared to make service calls faster than a speeding 
bullet. The new RCA 199045 Module Kit, available for a 
limited time at a special introductory price, contains 8 
modules for quick and easy servicing of the new 1977 
color TV sets. This new kit, plus your ColorTrak and XL - 
100 Module Kits, lets you fix most RCA sets right in the 
customer's home. You'll save time, make more service 
calls per day, and earn more profit. 
Be an RCA SuperTech - carry these 3 RCA Module Kits 
and meet almost all RCA color -module needs. All 3 kits 
contain RCA replacement modules which include the 

See your 
participating 

Distributor 
fora special 

introductory 
offer! 

latest design improvements. And don't forget the RCA 
Module Caddy - makes it easy to carry all three kits on 
home service calls. 
See your authorized RCA Parts Distributor, or contact 
RCA Distributor and Special Products Division, 2000 
Clements Bridge Road, Deptford, NJ 08096, for additional 
information. 

11011 Distributor and 
Special Products Division 

For More Details Circle (10) on Reply Card 

Trade: One manual _for S-54 and S-54/AR tele- 
quipment scopes to trade ,for an S-52 manual. Or, 
send price, for S-52 manual. 

R. P. Frohwerk 
TV Industries 
4330 SE Woodward Street 
Portland, Oregon 97206 

Trade: B&K Model 415 solid state sweep/marker 
generator for B&K Model .1077B television analyst. 

Ronald Olcott 
7616-4 Sewells Pt. Rd. 
Norfolk, Virginia 23513 

For Sale: RCA Model WO535A DC -10 MHz scope, 
$185. Lectrotech Model TO 50 -MHz triggered sweep 
scope, $195. 

Ronald Olcott 
7616-4 Sewells Pt. Rd. 
Norfolk, Virginia 23513 

Needed: Schematic and alignment information for 
Kirrght Kit, Model #83Y102000 radio receiver. Will 
pay reasonable price. 

Herbert Naugle 
1792 Finch Court 
Hayward, California 94545 

Needed: A complete set of original manufacturer's 
test leads in new condition ,for an RCA Model 
WV -97A. 

Paul Capito 
637 West 21 Street 
Erie, Pennsylvania 16502 

Needed: Schematic for a Curtis Mathis B& W TV 
Model 55M 2733. 

Peter J. Golumbus 
64 Coolidge Street 
Irvington, New Jersey 07111 

For Sale or Trade: PF Reporter and Electronic 
Servicing 1963 to 1977 for Sencore sweep -marker 
generator, Model SM -152. 

Steve Topley 
145 Quarry Street 
Mt. Pleasant, Pennsylvania 15666 

Needed: Manual (or copy) for MITS sweep marker 
MG -1K. 

M. W. Scheldorf 
835 First Avenue Box 84 
Marseilles, Illinois 61341 

March, 1977 17 
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Servicing GE Modular Color TV 
Part 7/By Gill Grieshaber, CET 

VIR-Controlled Color 

The editor strongly 
suggests you carefully 
study these articles 
about the new General 
Electric sys tern of auto- 
ma tic color that's con- 
trolled by the condition 
of the VIR signal from 
the station. Not only is 
it a unique circuit that 
all technicians need to 
understand for purposes 
of servicing, but also it 
is the forerunner of 
many other digital 
circuits. We need to 
understand practical 
digital circuits, and how 
to troubleshoot them. 
This first article covers 
the counter for 
identification of Line 19, 
where the VIR signal 
occurs, and the 
so-called "slicers" that 
produce the keying 
pulses of the correct 
width and phase. 

Stampede For The 
Vertical -Retrace Space 

Of the 525 horizontal -scanning 
lines, just 504 have video, and the 
remaining 21 lines originally had 
nothing by vertical -sync pulses in 
this barren area set aside for 
vertical blanking and retrace. But 
only 9 lines are needed for the 
vertical sync of each field, leaving 
12 empty lines. Lately, the trend is 
toward filling these lines. 

A few years ago, an observant 
TV technician might have noticed 
some strange dots and lines just 
above the top of the picture (see 
Figure 1). On the face of a picture 
tube, these shapes are without 
meaning, for they are intended for 
viewing on special oscilloscopes. 
Figure 2 shows three different kinds 
of Vertical -Interval Test Signals 
(VITS), which at first were on lines 
18 and 19 of each field. The 
patterns were selected to show any 
video defects (such as poor frequen- 
cy response, ringing or poor transi- 
ent response, and variations of 
amplitude linearity) occurring in 
the network lines. Similar patterns 
still are used today, but they have 
moved to lines 17 and 18. TV 
stations operating by remote control 
must use VITS to check the 
operation of the Studio -Transmitter 
Link (STL). Other uses are optional. 

Another VITS blinks one time 
per second; I don't know its pur- 
pose. Also, serious proposals have 
been made to reserve other lines for 

subcaptions for deaf TV watchers. 
Yes, the retrace time is getting to 
be very busy. But the most im- 
portant of these to the viewer is the 
Vertical -Interval Reference signal 
(VIR signal). 

This VIR signal is very simple 
(see Figure 3), but it is intended to 
evaluate color quality only, and 
does not duplicate or replace the 
VITS. 

In practice, the VIR signal is 

added to the program video im- 
mediately following the point in the 
originating equipment where the 
color parameters have been es- 
tablished. Then, the VIR remains 
with the program, through network 
lines, video-tape recorders, studio, 
and TV transmitter. It is never 
blanked out, as the VITS frequent- 
ly is. At many stages of the system, 
the VIR can be observed on special 
scopes, and corrections made as 
necessary. In fact, equipment is 
now available that makes several 
corrections automatically at the TV 
transmitter, and shows by meter 
readout the extent of those cor- 
rections! 

Perfection? 
According to these facts, few or 

no color level or tint adjustments 
should be made at each individual 
TV receiver. Unfortunately, the 
VIR signal is not mandatory yet. 
Some programs have it; others do 
not. 

continued on page 20 
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Fig. 1 Although the VITS and VIR 
signals can be seen at the top of a 

picture when reduce the height, you 
the only way to see the entire vertical - 
retrace area is to slowly roll the 
picture downward, with the brightness 
high and the contrast low. (A) The 
broad horizontal bar across the center 
is the 21 lines of the retrace period, 
including the black "hammer" (vertical 
equalizing and sync pulses), and the 
narrow white lines of the VITS and VIR 
signals down near the start of the 
picture. (B) This is a closeup of the 
hammer area. The hammer is useful 
for analyzing compression or poor 
vertical sync, but the VITS and VIR 
signals can't be analyzed profitably 
from the picture tube; they are 
intended for scope viewing. 

Fig. 2 Here is one of the best pictures 
I have made of the ABC network VITS 
waveforms, before the start of the VIR 
test signal. When a service -type 
triggered scope is used, the bright- 
ness is so low (only 6 lines out of 525 
are shown on the screen) that analysis 
is difficult. (Broadcasting stations 
have specialized scopes which are 
better for this job.) Also, the roll -off 
of the receiver IF curve automatically 
reduces the high -frequency bursts of 
signal, as well as reducing the burst 
amplitude to 50% of what it is at the 
broadcasting station. These limita- 
tions prevent a scope analysis of 
receiver VITS and VIR signals from 
being very helpful. 

20 - 
0 - 

20- 

-40 - 

IRE UNITS 

90 - 
r 

70 - 40 

50 - 
PROGRAM 

COLOR 
BURST / 

CHROMINANCE 
REFERENCE 

T 

LUMINANCE 
REFERENCE 

20 

7.5 

so 

BLACK 
REFERENCE 

BLANKING LEVEL 

14 12 ---4*- 12 

60 

NOTE. THE CHROMINANCE REFERENCE AND THE 

PROGRAM COLOR BURST HAVE THE SAME PHASE. 

uSEC 

Fig. 3 The Vertical -Interval Reference (VIR) signal was designed to evaluate 
color TV parameters, only. Both the burst and the chrominance reference 
portions have the same frequency and phase. That's why the left half of the VIR 
line in the TV picture is greenish -yellow in color. 

Fig. 4 Outwardly, a General Electric color portable appears similar to 
other new -generation modular TV receivers. The picture quality of our 
sample was excellent. 

March, 1977 
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Fig. 5 Both VHF 
and UHF tuners 
share the digital 
channel readout. 
When the door 
over the seldom - 
used controls is 
closed, only the 
VIR LED light, a 

"custom picture" 
(combination col- 
or and contrast) 
knob, and the 
on/off knob can 
be seen (A). An 
open door (B) re- 
veals an on/off 
sliding switch for 
the VIR function, 
a brightness 
knob, plus man- 
ual color and tint 
knobs. 

A 

A 

B 

B 

Fig. 6 A cardboard with instructions for using the VIR feature covers the VIR 
module (A) that's mounted below the tuners. Console models have the VIR 
module mounted horizontally, under the picture tube. You can see part of the 
VIR module (B) by looking to the left of the IF module. 

VIR 
continued from page 18 

And this brings us to the need 
for a unit in TV receivers that can 
correct color and tint by analyzing 
the VIR signal (which was intended 
for station use). 

Just now, only General Electric 
has such a unit. The feature is 
called "VIR Broadcast -Controlled 
Color" and it is available in certain 
GE receivers using the YM and 
YC-2 color chassis. Although GE 
has an excellent training manual 
covering the VIR circuitry, we will 
present a slightly different view- 
point, based in part on my own 
measurements and scope patterns. 

Digital circuitry is used extensive- 
ly; however, you should not find it 
too difficult to understand. Even if 
you don't intend to service sets that 
have the VIR circuitry, the circuit 
analysis can serve as good practice 
for the digital circuits (such as 
digital video, etc.) to come. 

General Electric 
With VIR Circuits 

The picture of a GE 19 -inch 
color TV receiver in Figure 4 does 
not seem to be very unusual. But if 
you look more closely, you find a 
VIR LED light, and an on/off 
switch for VIR (Figure 5). 

When a color broadcast lights 
the LED a brilliant red, and the 
VIR switch is moved to "on", the 
color and tint controls under the 
door have no effect on the picture, 
when you turn them. Instead, the 
VIR signal on video Line 19 
controls the color level and tint, 
subject to a minor amount of 
variation possible if you adjust the 
"color preference" controls that are 
located on the cabinet back, near 
the top. When the program has no 
VIR signal, the LED is dark, and 
the front -panel color and tint 
controls operate conventionally. Of 
course, you can slide the VIR 
switch to "off", leaving the VIR 
light glowing, and the color can be 
controlled manually by the front - 
panel knobs. 

The first time you operate one of 
these models, you probably will 
switch back and forth often, trying 
the response of the controls, and 
watching curiously to see if the VIR 
system actually works effectively. I 

must confess that I certainly did! 
continued on page 22 
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CB servicing is PROFITA 
with the 

B&K- PRECISION 
40 -channel CB 

Test Bench 

o 

MODEL 1040 
$260 

The B&K-PRECISION CB service - 
master is designed for rapid pro- 
grammed testing and trouble 
shooting of any CB transceiver- 
even 40 -channel models! 

When used with a scope 
and signal generator, 
you can: 

Measure signal-to-noise ratio 
of CB receiver 
Measure audio output power 
Measure audio distortion 
percentage 
Measure receiver sensitivity 
Check AGC 

Measure effectiveness of CB 
noise limiter or blanker (when 
used with an impulse noise 
generator) 
Measure squelch threshold 
Measure adjacent channel 
rejection on any channel 

Measure transmitter AM power 
output-even mobile! 
Measure SSB power output with 
TRUE peak -reading RF Wattmeter 

Check AM modulation 
Check SSB modulation with a two- 
tone test-the only accurate way! 

Measure antenna SWR-even 
mobile! 
Check the transceiver in the 
car to determine if the problem 
is in the antenna system or 
the transceiver 

o 
o 

You can save $500-$1,500 in 
equipment costs because the 
CB Servicemaster eliminates 
many of the test instruments 
you would otherwise need for 
CB servicing. These instru- 
ments, or their functions, are 
built into the unit: 

Audio wattmeter Audio gen- 
erator Distortion meter RF 
wattmeter/dummy load DB 
meter SWR bridge 

/ These instruments-which you should have, if you don't own them already, 
are all you need to get the maximum use from your CB Servicemaster. And the 
B&K-PRECISION CB Servicemaster is compatible with most oscilloscopes, fre- 
quency counters, signal generators and power supplies on the market today. 

MIR 

MODEL 1403A-3", 5 MHz 
Recurrent Sweep Oscilloscope 
Checks CB modulation and 
provides viewing of 27MHz CB 
envelope when used with the 
Model 1040. Small, compact and 
inexpensive, it frees other scopes 
for more effective use. $219 

MODEL 1801- 
Digital Frequency Counter 
To quickly determine the exact 
frequency of a CB channel, the 
1801 automatically displays it for 
you in large, easy -to -read digits. 
You can tune oscillators precisely, 
conduct audio frequency analysis 
tests. Six digit display is updated 
five times per second. Accuracy 
guaranteed to 40MHz; 60MHz 
typical. $240 

MODEL 1640-Regulated Power Supply 
Designed especially for CB and other mobile 
equipment, the 1640 eliminates changes in supply 
voltage due to load variations. A stable power 
supply is essential to precise testing of the 
transceivers. Less than 0.8% variation from zero 
to full load, 3 amps continuous, 5 amps surge. 
Adjustable to any output from 11 to 15 VDC. 
Suppressed zero scale for greater accuracy. 
Overload protected. $100 

MODEL 2040 -40 -Channel CB Signal Generator 
Covers all 40 channels, AM and SSB with built-in 
capability. Ultra -atable crystal -controlled, phase - 
locked -loop frequency generation. Has 5 ppm 
accuracy. Output attenuator and vernier provide 
calibrated outputs from 100,000 µV to 0.1 µV for 
receiver sensitivity measurements. Includes EIA 
standard noise test signal generator to check 
receiver noise suppression. Internal 400, 1000 and 
2500 Hz modulating frequencies-can also be 
externally modulated. Internal protection against 
5W RF input. $475 

:KPRECIsIoN DYNASCAN CORPORATION 
Makers of Cobra CB Equipment 

6460 W. Cortland Avenue, Chicago, Illinois 60635 312/889-9087 
In Canada: Atlas Electronics, Ontario 

For additional information, contact your B&K-PRECISION distributor for our com- 
prehensive brochure describing the operation of the Model 1040 CB Servicemaster 
and the CB Service Center-or write us for your free copy. 

Marcn, 19// 
For More Details Circle (11) on Reply Card 
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Fig. 7 Wires to the many plugs and connectors are long, allowing the module to 
be positioned behind the 

VIR 
continued from page 20 

main chassis, when examination or testing is needed. 

After the back of the receiver is 
removed, you might not notice 
immediately any striking differences 
from a GE YC-2 chassis without 
VIR. However, on the side under 
the tuners is a piece of cardboard 
(Figure 6A) which says in part: 
"Read before servicing. Do NOT 
remove this label." The notice con- 
tinues by giving a short course 
about how to operate the VIR 
controls. 

If you peek between the IF 
module and the cardboard, you can 

get a partial view of some kind of 
circuit board (Figure 6B). Remove 
four screws, and the module can be 
removed for your inspection (Figure 
7). 

VIR Module 
The General Electric EP93X101 

module for controlling color and 
tint from the Line -19 VIR signal 
has 30 transistors and 5 IC's on a 
circuit board that's approximately 
7 -inches square. 

Length of the connecting wires is 
sufficient to permit the module to 
be positioned behind the chassis, 
where you can examine it or make 

tests without being cramped for 
space. Speaking of the wires, it's 
possible to operate the receiver 
without the VIR module. Discon- 
nect all of the cables to the module, 
then connect two certain chassis 
plugs together. Of course, there is 
no automatic color action, but the 
manual controls operate normally. 
This could prevent any interruption 
of the customer's TV entertainment 
while you repair the module or ob- 
tain a replacement. 

Background theory 
From mathematical formulas, the 

GE design engineers have deter- 
mined these two facts: 
When the chrominance reference 
and the black -level reference of the 
VIR signal (see Figure 3) have 
identical amplitudes in the R -Y 
signal of a color receiver, the tint 
matches that of the program at the 
time of origination; and 
When the amplitudes of the VIR 
chrominance reference and the 
black -level reference are equal in 
the blue drive signal (for example, 
B -Y plus Y), the color level (satura- 
tion) conforms to the original. 

Therefore, the VIR module oper- 
ates to compare those important 
amplitudes. When they are not 
equal, an error -correcting DC volt- 
age is produced to change auto- 
matically the color gain or tint 
phase until the amplitudes are 
matched. Also, other circuits switch 
from manual to VIR control when 
the program contains a VIR signal. 

These basic objectives seem sim- 
ple, until you remember that Line 
19 occurs only twice in each frame 
of two fields! That means the 
circuit has only 60 chances in every 
second for making any needed cor- 
rections. 

Basic circuits 
Circuits of the VIR module 

divide naturally into five basic 
categories: 
The first circuit starts with the 
vertical sync pulse of each field and 
counts digitally up to Line 19. That 
"identifies" Line 19, then slicers 
produce the required pulses of 
partial line width; 
Next, the "VIR sensor" circuit 
checks to determine if Line 19 has 
a VIR waveform or not. If yes, DC 
voltages switch in the color and tint 
comparators and turn off the 
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Fig. 8 The block diagram shows the stages we will examine this month. A combination of transistors and IC's, as well as 

both linear and digital techniques, are used throughout the VIA stages. 

manual controls. If no. the DC 
voltages are reversed to s\\ itch on 
the manual controls and switch off 
the automatic color and tint con-
trollers; 
•In the "tint controller" section, 
the sliced pulses allow segments of 
the VIR waveform to enter a 
comparator at the proper time. 
From the amplitude comparison 
conies a DC voltage which deter-
mines the VIR automatic 
adjustment: 
*Operation of the 
is similar, but the input signal is 
different, and the output DC volt-
age determines the color level; and 
eSome DC power- supply voltages 

tint 

"color controller" 

Mk. 

come from the main chassis; others 
arc developed by the power trans-
Former and rectifier/filter/regulator 
system on the VI R module. 
Of course, only the most im-

portant functions are listed here. 
The complete explanations show 
many refinements and details. 

Identifier Of Line 19 
Figure 8 shows a block diagram 

of the line 19 Identifier" and 
"Pulse Slicer" sections. Notice par-
ticularly the inputs and outputs. 
The identifier stages not only locate 
Line 19, but also they produce a 
63-microsecond pulse that corre-
sponds to the location of Line 19. 

(Remember that one horizontal line 

• 

for color has a duration of 63.56 
microseconds.) 
From this pulse that has the 

width and location of Line 19, the 
slicer circuits produce 15-micro-
second and 35-microsecond pulses 
to be used for keying-on the 
comparators. 

Counting to line 19 

_ Numbering of the lines of each 
vertical field begins with the 6 
equalizing pulses that occupy lines 
1, 2, and 3 just before the ô serra-
tions of the vertical sync pulse. This 
serrated vertical sync pulse ( lines 4, 
5, and 6) of each field is the start of 
the counting to Line 19. As we go 
through the following explanation, 
notice the similarity to the sync for 
vertical- deflection oscillators. 
A complete schematic of the 

"Line 19 Identifier" and " Pulse 
Slicer" stages is in Figure 9. 

Sync from the regular separator 
enters at Rl. and goes to Q2, which 
is wired as an emittà follower, 
giving isolation and impedance 
matching. The incoming clipped 
sync has a DC component that pro-
vides the base bias of Q2. Following 
Q2 is a two-section integrating 
network (R3, C3, R4, C4) that 
forms a kind of triangular wave-
shape from the vertical sync, and 
this signal is passed along to Q8. 
Q8 has a heavy forward bias so it 

operates completely saturated be-
fore the signal from the intergrator 
reaches the base. The negative-
going vertical-sync waveform cuts 
off Q8's C/F: current, forming a 
large positive-going pulse at the 
collector. The pulse is filtered a hit 
before it reaches the base of Q10. 
Q10 has no base bias except as 
provided by the Q8 collector volt-
age. So, Q10 is cut off, except 
during the sync pulse. 

Both Q8 and 010 are pulse 
generators, and they work together 
as a team to produce (at the 
collector of 010) a negative-going 
520 microsecond pulsee (about 8 
lines) that starts between  lines 4 
and 5. 
Now, it is absolutely essential for 

the proper timing of Line 19 that 
the Q10 collector pulse start pre-
cisely at the end of line 4. There-
fore, the bias of Q8 is adjustable by 
means of R7, which is called 
'delay''. This is a factory adjust-
ment, and should not he changed 
unless vital components are re-
placed in these stages. 

(Because it is easier to describe 
as a single event, rather than many 
repetitions, we refer to the Q10 
signal as a "pulse", as though there 
were only one. Actually, a 520 
microsecond pulse is generated for 
every vertical field, or 59.96 pulses 

continued on page 24 
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Fig. 9 The use of IC's, whose internal components are not shown on a schematic, makes this full diagram of the 
Line-19 Identifier and Slicer stages seem less formidable. Therefore, the circuit operation is not difficult to 
understand. 

VIR 
continued from page 23 

per second. Each pulse is triggered 
by the vertical sync.) 

Figure 10 shows the composite 
video, sync pulses, integrated 
vertical sync pulse, and the 520 

microsecond pulse at TP10. 
One more condition must be es-

tablished before the digital count-
ing can begin: a negative-going 
pulse (wide enough to include all of 
the lines for the counter) must be 
produced. This wide pulse is gener-
ated by half of ICIO, which is wired 
as a monostable multivibrator, and 

is triggered by the falling edge of 
the negative-going pulse at TP10. 
The width of the output pulse at 
pin 12 is determined by the values 
of the network C12 and R12 (they 
are a time-constant filter). 
Although the width of the pulse 

at the output of ICIO is not critical, 
it must be slightly wider than 20 
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horizontal lines (about 1300 micro- 
seconds), so the width usually is 
specified as 1400 microseconds. 

The output pulse of this mono - 
stable multivibrator triggers (or 
enables) the digital counter which 
follows. Therefore, it is called a 
"counter enabler". 

For the benefit of those of you 
who are not familiar with digital 
terminology, I will try to identify 
the stages and actions by both 
digital and more -conventional 
labels. For example, the space be- 
tween the negative -going pulses is 
+5 volts DC (a "high" digital 
signal), and the tip of the pulses 
nearly reaches zero volts (or a 
digital "low"). 

Binary counter 
IC20 is a 4 -bit binary counter. 

When enabled, it counts up to 15, 
resets and counts up to 15 again, 
and repeats. At least, the counter 
would repeat endlessly if enabled 
all of the time. But the 1400 -micro- 
second pulse both starts and stops 
the counting. 

The IC20 counter has two inputs. 
Pin 2 has the enabling pulse, and 
pin 14 has a series of horizontal - 
sweep pulses. 

When the 1400 -microsecond en- 
abling pulse at pin 2 of IC20 goes 
low, the binary counter begins 
counting the horizontal -rate pulses 
at pin 14. The count began at line 
4 and the counter continues for its 
maximum of 15 counts, when the 
four output pins all are in a high 
state. (That corresponds to the start 
of video Line 19, as we shall see 
later.) However, the counter is still 
enabled, so it does not stop, but re- 
sets and begins counting up toward 
15 again. Before it reaches maxi- 
mum (actually just four more 
counts), the enabling pulse goes 
high (at about line 24), and the 
counter stops, with all outputs low. 

The enabling pulse and the 
counting pulses at the four outputs 
are shown with the correct phase in 
Figure 11. 

Those four outputs of the counter 
connect to four inputs of IC30, a 
decoder. The decoder is a four - 
input NAND gate, which has a low 
output only when all of the four in- 
puts are high. Therefore, at the 
count of 15 horizontal pulses, the 

decoder has a low (negative -going 
pulse) that's exactly as wide as one 
video line. 

Next, this low pulse goes through 
the IC30 inverter, which inverts the 
phase by 180 degrees. At the output 
pin 8, therefore, is a positive -going 
(high) pulse of the width of one 
horizontal line of video, and having 
the same phase as Line 19 of the 
composite video (see Figure 12 for 
the 520 microsecond pulse, the 
enabling pulse, and this Line 19 
pulse). 

Line 19 has been identified, since 
it corresponds with this pulse. 

The drawing of Figure 13 shows 
all of the operation up to this point, 
plus the 15 -microsecond and 35 - 
microsecond pulses that will be 
made by "slicing" the 63 -micro- 
second pulse that identifies Line 19. 

Now, the question is: does Line 
19 of the composite video from the 
station have the VIR waveform or 
not? But first, one more pulse must 
be produced. 

Pulses Made By Slicing 
Two other pulses, of narrower 

width and different phase, are 
made by "slicing" the "Line -19" 
63 -microsecond pulse previously de- 
scribed. 

Slicer #1 

To be honest about it, those 
slicers don't actually "slice" any- 
thing. But, that's just a simple way 
of saying what seems to happen. 
Slicer #1 is another monostable 
multivibrator. It's set to trigger on 
the rising edge of the pulse at pin 
2, and this pulse is the 63 -micro- 
second positive -going Line -19 wave- 
form. So, the pulse from slicer #1 
begins with the start of Line 19. 

The time constant filter, C20 and 
R20. determines how long the slicer 
functions. Thus, the RC values give 
the desired pulse width of 15 
microseconds. This is not a critical 
specification; normal parts toler- 
ances are sufficient. 

Actually, there are two 15 -micro- 
second output pulses. The positive - 
going one at pin 13 (marked Q) 
feeds the VIR sensor circuit; and 
the negative -going one at pin 4 (Q ) 

drives the next pulse slicer and 
Q24. 

continued on page 26 

Fig 
bottom) are: composite video; sync 
pulses (negative -going) at TP2; the 
negative -going pulse at C4 after the 
serrated vertical pulse is integrated; 
and the 520 -microsecond pulse at 
TP10. The falling edge at the left 
triggers the IC10 counter at the end of 
video line 4. Labeling a pulse with a 
microsecond rating refers to the 
horizontal width. All of these wave- 
forms repeat 60 times per second (that 
is, once for each field of video). 

Fig. 

input and the four outputs of IC20, the 
four -bit binary counter. From top to 
bottom they are: the 1400 micro- 
second "enabling" pulse that keeps 
the counter running; piri 11; pin 8; 
pin 9; and pin 12. Compare these 
waveforms to the digital truth table in 
Figure 13. Notice that when "highs" 
occur in sequence, they form wider 
pulses, and do not show as separate 
pulses. Since the counter continues 
operating past the Line -19 pulse that's 
wanted, Line 19 is about one-third 
from the right, as shown by the dotted 
line. Vertical lines have been drawn in 
for clarity. 

10 These waveforms (top to 

11 Here are the waveforms at 

Fig. 12 From top to bottom are: the 
520 microsecond pulse at TP10; the 
1400 microsecond pulse at TP12; and 
the 63 microsecond Line -19 pulse. 
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Fig. 13 Many useful facts can be learned from 
this drawing. Lines "A" and "B" represent the 
video of Field #1; "C" is the base voltage of 08, 
including the negative pulse formed by inte- 
gration of the vertical sync; "D" is the 1400 
microsecond "enabling" pulse at TP12 (the 
counter runs only when this pulse is "low"); 
below line "D" are the columns of the counter 

truth table (also see Figure 11 for the actual 
waveform); "E" shows the 63 -microsecond 
Line -19 pulse; "F" is the 15 -microsecond pulse 
from slicer #1 at TP24; "G" is the 35 -micro- 
second pulse from slicer #2 at TP22; while "H" 
and "I" show the DC switching voltages that 
change the operation from manual to VIR- 
controlled. 

VIR 
continued from page 25 

Slicer #2 
Pulse slicer #2 is similar to #1, 

except for a wider output pulse, 
and an additional important input 
waveform. More about that later. 

Slicer #2 also is triggered by a 
rising pulse edge. But notice care- 
fully that the input waveform at pin 
10 is a 15 -microsecond negative - 
going pulse, whose beginning (fall- 

ing) edge marks the start of Line 
19. So, the first rising pulse edge is 
the end of the 15 microsecond 
pulse. In other words, the output 
pulse from slicer #2 starts 15 
microseconds from the beginning of 
Line 19. 

This tells us why the output pulse 
can't be allowed to exceed 35 
microseconds: it would extend into 
line 20, if so. Both pulses (plus the 
skew time to reach full amplitude) 
use up the whole 63 microseconds 
of Line 19. The tolerances of C19 

and R19 can't provide such ac- 
curacy. 

Therefore, C19 and R19 are 
selected to give more than 35 
microseconds, then the second 
waveform at pin 11 terminates 
(clears) the pulse with high accuracy 
at the end of Line 19. That's the 
job for Q18 and other components. 

Now, Q18 appears to be merely a 
simple amplifier of horizontal 
pulses, but a second source of input 
signal comes from the negative - 
going Line -19 pulse from the de - 
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coder output at lin 6. 
The General Electric explanation 

says Q18 functions similarly to a 
2 -input NOR gate. Q18's output 
can be high (transistor cut off) only 
when both signal inputs are low 
(zero-no input bias). That's under- 
standable, even without digital 
theory. Anyway, the "clear" input 
at pin 11 must go "low" (zero) to 
"reset" (terminate) the pulse at the 
output, pin 12. 

Unfortunately, the GE explana- 
tion implies that the two input 

signals at the base of Q18 both are 
strong pulses. Yet, scope waveforms 
(see Figure 14) prove the narrow 
horizontal pulses have an amplitude 
of only 0.02 volts PP, while the 
broad Line -19 pulse measures 0.65 
volts PP. So, when it's stated, "The 
R16 ir_put from Q15 couples a 
positive -going horizontal retrace 
pulse (HIGH state) to the base of 
Q18 just prior to the end of Line 
19. This pulse saturates Q18, 
pulling the collector back to O volts 
(LOW state) and resetting Pulse 

Slicer number 2", I must disagree. 
There is no way a pulse of 0.02 
VPP can saturate the base of a 
transistor that also has more than 
0.6 VPP of opposite -polarity pulse! 
At the most, the tiny positive -going 
base pulse speeds up the rising side 
of the negative Line -19 pulse, 
making more rapid and precise the 
resetting of slicer #2. 

Waveforms 
Figure 15 shows the Line -19, the 

continued on page 28 
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1Va0 e s: seNB er- 
you'll never put down. 

It's RCA's all new 1977 "Top of the Line" SK Series 
Replacement Guide. The most comprehensive list to 
date of transistors, rectifiers, thyristors and integrated 
circuits - 381 RCA types, including 68 brand new, that 
will replace 123,000 domestic or foreign semiconduc- 
tors in entertainment and industrial equipment. The 68 
new types have enabled us to increase our replacement 
capability by over 11,000 additional industry devices. 
You can't afford to be without it.The 1977 Replacement 
Guide is a complete, accurate information source for 
your Solid State replacement needs. The book repre- 
sents thousands of hours of engineering know-how. 
Keep in mind, too, that RCA SK replacement semi- 
conductors measure up to strict AQL standards. 
Get yours now. RCA's SK Replacement Guide. Contact 
your RCA Distributor. Or send $1.50 (check or money 
order) to RCA Distributor and Special Products 
Division, PO Box 85, Runnemede, NJ 08078. 

n cii SK Replacement 
Semiconductors 

VIR 
continued from page 27 

Fig. 14 The two upper waveforms have 
correct phase; the bottom one should 
be to the right, under the other broad 
pulse. From top to bottom, the 
waveforms are: horizontal sweep 
pulses at the emitter of 015; the base 
waveform of 018 (the broad pulse has 
an amplitude of 0.65 VPP); and the 
4.8 VPP positive pulse at the collector 
of 018. No trace of the horizontal 
pulses can be seen in this latter 
waveform. No touchup of the wave- 
forms was done. 

For More Details Circle (12) on Reply Card 

Fig. 15 These are the actual wave- 
forms, in the correct phase, but with 
the vertical lines drawn in. From top 
to bottom, the pulses are: The Line -19 
pulse at TP20; the 15 -microsecond 
pulse at TP24; and the 35 -micro- 
second pulse at TP22. Notice that the 
two lower pulses add to equal the 
Line -19 pulse (except for the slight 
gap required for the 35 -microsecond 
slicer to begin). Although the two 
narrower pulses were produced in- 
dividually by monostable multi - 
vibrators, the fact that they seem to 
be parts of the Line -19 pulse probably 
is the reason the pulse generators are 
called "slicers". 

15 -microsecond, and the 35 -micro- 
second pulses, all in the correct 
phase. 

Q22 and Q24 invert the polarity 
and amplify the 35 -microsecond 
and 15 -microsecond pulses, re- 
spectively, before they go to the 
controllers. 

Next Month 
Composite video is examined for 

the falling side of the Line -19 
blanking during the life of the 15 - 
microsecond pulse. A falling blank- 
ing side indicates that Line -19 has 
the VIR waveform. If the falling 
side is not there, that's proof of no 
VIR signal. Reception of the VIR 
signal reverses the switching volt- 
ages, allowing the automatic cir- 
cuitry to control color and tint. 
Watch for these interesting ex- 
planations. 

Also, instructions will be given 
telling how you can use your own 
triggered scope to look at the VIR 
waveform in the composite video. 
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Convergence Trouble 
Symptoms And Repairs 

By Robert L. Goodman, 
CET and Carl Babcoke, CET 

Defects in convergence 
components are rare, so it's 
possible for us to become 
rusty in this kind of 
troubleshooting. Here is a 

refresher course in the 
fundamentals and methods of 
servicing both old and new 
convergence systems. 

Convergence repairs admittedly 
are not interesting to most tech- 
nicians. You won't hear this topic 
of conversation when the men 
gather after a service seminar, or 
relax in a bar. But, there was a 
time when convergence adjust- 
ments, and how well they could be 
done, were a worry to many 
color -TV technicians. Of course, 
the receiver circuits were not so 
effective as they are now, and more 
work was required to attain a 
"good" job of set-up. Finally, we 
developed methods that worked 

DOT MOVEMENT 

DUE TO BLUE 

LATERAL MAGNET 

ADJUSTABLE 

PERMANENT 

MAGNET 

Fig. 1 The center -convergence permanent 
magnets of delta -gun picture tubes are 
mounted with the dynamic convergence 
coils. Rotating or sliding a magnet in its 
holder varies the magnetic field, which 
moves the entire picture of that color. Red 
and green can only intersect at one point 
near the center; then blue is moved up or 
down and sideways to converge. 

RED GUN 

BLUE GUN 

GREEN GUN 

DEFLECTION 

YOKE 

Fig. 3 Each gun of the delta tube is 
off -center in the yoke. Therefore, the 
crosshatch lines will be curved. 

very well, and the subject faded 
away. 

Before we give troubleshooting 
methods, and illustrate some of the 
new solid-state variations of cir- 
cuitry, let's recap a few of the 
reasons why convergence is neces- 
sary, and how it's accomplished. 

What Is Convergence? 
Convergence (sometimes called 

merging) refers to anything done to 
bring the three colored pictures into 
register with one another. When 

continued on page 30 

SMALL NECK 

TUBE 

DEFLECTION 

YOKE 

RASTER SHOWING HOW SCANNING 
LINES ARE BENT UPWARD BECAUSE 

ELECTRON GUN IS NOT CENTERED 

IN YOKE. 

Fig. 2 An experiment made with a deflection yoke that's too large for the 
picture -tube neck will prove that the crosshatch lines bend according to 
the position of the electron gun in the yoke. Only in the center will 
straight lines be produced. Although the flat face plate of a color tube 
causes somewhat the same bending effect, it is a much smaller 
distortion. 

BLUE 

HIGHEST POINT 

RED 

LOW POINT 

GREEN 

LOW POINT 

Fig. 4 Viewed on the screen, all of the crosshatch lines are curved, except for 
the blue -vertical lines. They are not bent, because the blue gun is midway 
between the vertical yoke coils (which are at the right and left sides). 

The drawings of Figures 1 through 4 are from "Color TV Servicing Made Easy, Volume 1" (book 20135) 
by Howard W. Sams. 
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Convergence Trouble 
continued from page 29 

this is done properly, a B&W 
picture will not have red, blue, or 
green lines around the objects in 
the scene. 

Actually, there are two basic 
types of convergence. (These first 
descriptions apply to the original 
"delta" arrangement of the guns.) 

Fig. 5 Theoretically, a perfect parabola 
of current is necessary through the 
dynamic -convergence coils for total 
correction of the bent lines. In 
practice, the horizontal -correction cur- 
rent waveforms range from near -sine - 
waves to distorted parabolas. This 
waveform from a GE is better than 
most. 

Center Convergence 
Center convergence often is called 

"static" or "DC", and it means a 
moving of the complete red, blue, 
and green pictures until they over- 
lap perfectly, at least in the center 
of the raster. 

Originally, the moving of the 
three rasters was done by running 
an adjustable DC current through a 
coil of wire located "over" each 
gun. (In this case, "over" refers to 
the location relative to the gun and 
the center of the picture -tube 
neck, and does not mean up.) Later 
models used some kind of perma- 
nent magnet, whose strength was 
adjustable by moving the magnet. 
One system is shown in Figure 1, 
where the permanent magnets are 
mounted on each dynamic -con- 
vergence assembly. 

In all cases, a magnetic field 
moves each complete red, blue, or 
green picture as a unit, without af- 
fecting the straightness of the lines, 
or changing the linearity of the 
sweep. 

Viewed on the face of the picture 
tube, the blue picture moves up 

and down; the red picture moves 
diagonally along the south-west to 
north-east line; and the green 
picture moves diagonally along the 
north-west to south-east line. 

With only these three movements, 
it would be possible for the pictures 
to not converge exactly at the 
center. So, an extra magnet is given 
to the blue gun, allowing adjust- 
ment horizontally (laterally). 

With four adjustments, the three 
pictures always can be made to 
overlap perfectly, near the center of 
the screen. Without these adjust- 
ments, which compensate for minor 
errors of electron gun locations, 
very few picture tubes would have 
satisfactory center convergence. 

Also, without the next type of 
convergence, the B&W picture 
would still not be converged around 
the edges. 

Dynamic Convergence 
If you were to eliminate all 

dynamic convergence, almost all 
lines of a crosshatch pattern would 
be curved. Only the blue vertical 
lines are straight when there is no 
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When you think of receiving tubes, think RCA! When you think of 
dealer awards, think RCA "Free and Easy '77." Then get both from 
your local participating RCA tube distributor. Quality tubes and 
quality awards go hand in hand from RCA. 

Free with your purchase of RCA 
Entertainment Receiving Tubes 
Check out these 17 values; select the award you want; then visit your 
participating RCA distributor and find out how easily you can take home 
that award when you place your tube order. 

SPALDING "DRIBBLER" BASKET- 
BALL - FE -4102 - Value: $12.00 
(Not Illustrated) 
SPALDING TENNIS CARRY -ALL - 
FE -4103 - Value: $15.40 
(Not Illustrated) 
WILSON PRO STAFF GOLF BALLS - FE -4118 - Value: $15.75 
SPALDING REBEL FOOTBALL - 
FE -4104 - Value: $17.00 
WATER PIK SHOWER MASSAGE- 
FE-4105 - Value: $24.95 
SPALDING PANCHO GONZALES 
SIGNATURE RACKET - FE -4106 - Value: $22.60 
PRESTO BURGER/2 - FE -4107 - 
Value: $35.90 
GARCIA MITCHELL SPINNING 
COMBO - FE -4108 - Value - $39.95 

SCHICK PRO JET -1200 STYLING 
DRYER - FE -4109 - Value: $39.00 

SKIL DOUBLE INSULATED 
2 -SPEED JIG SAW - FE -4110 - 
Value: $40.95 (Not Illustrated) 
TAYLOR AMERICAN EAGLE 
BINOCULARS - FE -4111 - 
Value: $56.95 
SHEPHERD BALL -B -Q FAMILY 
SIZE GRILL - FE -4112 - Value: 
$54.95 
HAZEL SAXONY 21" DUFFEL BAG - FE -4113 - Value: $50.00 
ROCKWELL 16" HEDGE AND 
SHRUB TRIMMER - FE -4114 - 
Value: $34.95 
SKIL MULTI -PURPOSE X -TRA 
TOOL - FE -4115 - Value: $67.95 
OLIVETTI UNDERWOOD 
PORTABLE TYPEWRITER - 
FE -4116 - Value: $79.50 
OLIVETTI "DIVISUMMA 32" ELEC- 
TRONIC PRINTING CALCULATOR - FE -4117 - Value: $109.00 

RCA Distributor & Special Products Division, Deptford, N.J. 08096 

R Receiving 
Tubes 

correction. 
Most textbooks and color courses 

say the lines are curved because the 
faceplate of the picture tube is not 
a section of a ball, but is too flat. 
Well, the flat screen causes some 
problems with purity and edge 
focus, but it's not the cause of the 
bent lines. 

You can prove the cause for 
yourself by placing the yoke of an 
old B&W TV over the smaller neck 
of a newer B&W picture tube, and 
then operating the receiver. Look 
at a horizontal -lines or crosshatch 
pattern. If you hold the yoke so the 
neck is centered, the horizontal 
lines are straight. When you allow 
the yoke to rest on the neck, the 
scanning lines and crosshatch hori- 
zontal lines are bowed up in the 
center (see Figure 2). The deflection 
power is unbalanced because the 
electron beam does not pass 
through the center of the yoke. 

In Figure 3, notice that all guns 
of a delta picture tube are off -cen- 
ter in the yoke. Accordingly, you 
would expect all crosshatch lines to 

be curved. That's almost right, but 
there's one exception. The vertical - 
deflection coils are located at the 
right and left sides of the picture - 
tube neck. Therefore, vertical lines 
of the blue gun are straight, be- 

cause the blue gun is midway be- 
tween the coils. The bending of the 
lines in Figure 4 have been verified 
by operating a color tube without 
convergence coils. 

continued on page 32 

Fig. 6 This is the convergence circuit board of a 25" color tube. The six controls 
on the left are for vertical convergence. The three controls and three coils on 

the right are for horizontal adjustments. 
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A B 

Fig. 7 On 21" round color tubes, the convergence coils and sliding magnets were part of a separate 
assembly mounted on the picture -tube neck behind the yoke (A). Rotary magnets and enclosed coils were 
used in the convergence assembly of this old 23" tube (B). 

Convergence Trouble 
continued from page 31 

Dynamic Convergence- 
In General 

Straightening of the curved lines 
must be done with AC signals. So, 
it's called "dynamic" convergence, 
to prevent any confusion with 
center convergence, which operates 
from steady magnetic fields without 
AC signals. 

Studies of crosshatch patterns, 
without correction for the bent 
lines, indicate that a parabolic 

correction is required. And because 
the correction signal is applied to 
electromagnetic coils, it follows that 
the convergence CURRENT should 
have a parabolic waveform (see 
Figure 5). 

In all models of color receivers, 
samples of vertical and horizontal 
sweep signals first are filtered or 
mixed, and then are adjusted for 
amplitude, usually by controls and 
coils on a convergence board or 
panel, as shown in Figure 6. 

Next, these red, blue, and green 
horizontal, and red, blue, and green 

VERT OUTPUT 

PULSES OF 

OPPOSITE POLARITY 

SAWTOOTH FROM CATHODE 

OF VERTICAL OUTPUT TUBE 

BLUE HORIZ 
LINES -TOP [TILT] 

CONVERGENCE 

COILS 

BLUE HORIZ 
LINES -BOTTOM 
[AMPLITUDE] 

Fig. 8 Tube -powered chassis often used a vertical tilt and amplitude circuit, 
with the pulses for the tilt obtained from separate windings of the 
vertical -output transformer. 

vertical signals are sent to coils 
(with powdered -iron cores) mounted 
"over" the three guns (Figure 7). 
The coils act like individual non- 
linear deflection yokes, operating 
on the electron beams before the 
conventional deflection yoke. In a 
way, the action is similar to a stage 
that pre -distorts a signal to com- 
pensate for an opposite distortion 
that happens later. 

Many years ago, before the 
circuits were improved, a control 
that regulated the amount of para- 
bolic current was called "ampli- 
tude". And others that increased 
the current at the beginning and 
decreased the current at the end of 
each parabola (or the opposite) 
were called "tilt". Usually, one 
amplitude and one tilt control for 
horizontal, plus one amplitude and 
one tilt control for vertical were 
supplied for each of the three 
colors. 

Later, after the adoption of some 
controls that affected two colors 
simultaneously, the controls were 
labelled to show where the main 
correction was located on the cross- 
hatch. One knob might be marked, 
"TOP R&G VERT LINES", or 
"BOT BLUE HORIZ LINES". 

Problems Travel 
Both Directions 

One reason for telling these 
basics is to illustrate the intercon- 
nections between sweep and con- 
vergence. 

For example, a defect in the con- 
vergence circuit might cause a 
change of linearity or vertical 
height. Or, other defects might 

continued on page 34 
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VERTICAL 

SANITOOTH 

A 

B 

C 

1000 il 

1000 0 

CONVERGENCE 

COILS BLUE i H 

TOP 300 S2 

Ck608 

CRóO, 

BLUE HORIL- 
BOTTOM / 

3004 

CR608 

Fig. 9 Solid-state vertical -sweep circuits without output 
transformers demand convergence circuits with only one 
input from the deflection. Operation of the Zenith 19EC45 
blue -vertical convergence is illustrated in several steps for 
clarity. (A) When a variable control (shown here by two 
separate resistors) is adjusted to the exact center of its 
resistance, the positive peak of the sawtooth forces the 
diode CR608 to draw current. However, the same positive 
voltage appears at both ends of the coil assembly; there- 
fore, the coil has no current. During the negative peak, 
CR607 conducts in the same way, and both ends of the 
coil are negative, so again no coil current flows. (B) When 
control R609 is rotated to place CR608 at the R612 end of 
the coil, the positive peak causes CR608 to conduct, 
grounding that end of the coil. The positive input voltage 
appears at the R613 end of the coil, causing electron 
current to flow, as shown by the arrow. (C) When control 
R611 is rotated to place diode CR607 at the R613 end of 
the coil, the negative peak forces CR607 to conduct, 
grounding the R613 end of the coil. The negative input 
voltage at R612 causes electron current to flow in the 
coil, as shown by the arrow. Did you notice that the 
current flowed in the same direction in both (B) and (C)? 

(D) Here is the complete blue convergence circulit. One 
control acts as an amplitude control at the top of the 
picture; the other acts as an amplitude control for the 
bottom lines of the picture. When one is advanced more 
than the other, the effect is the same as tilt. 

Without VSP 
Protection 

-1200 

PEAK 
VOLTS 

-600 

With GESP-752 
Protection 

TIME (µSEC) 

Unsafe 

Marginal 

OK 

GE Introduces 
Spike Protection 

Protects TV's, Stereos and other sensitive 
electronics from brief high voltage surges from 
lightning strikes near power lines or switching 
Off and On of major appliances. 

Insurance research has shown that TV sets 
are more susceptible to lightning caused volt- 
age spike damage than other kinds of electronic 
equipment. Tube -type sets are less susceptible 
than solid-state circuitry. Some manufacturers 
offer built-in spike -protection circuits; others 
don't. Why take a chance? Especially when 
spike protection is made so easy. 

Just plug the GE Voltage Spike Protector 
into any 15 amp, 125 volt wall outlet, then plug 
in the TV set. 

Every service technician should carry several 
GE Voltage Spike Protectors in his service kit. 
Every service call means a sales opportunity. 
See your GE Authorized Tube Products Distrib- 
utor; ask for Part No. GESP-752. 

Tube Products Department 
General Electric Company 

Owensboro, Kentucky 42301 

GENERAL ELECTRIC 
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ÁUTO.MATIC 

STAPLE GUNS 
CUT WIRE & CABLE 

INSTALLATION COSTS ... without cutting into insulation! 
SAFE! Grooved Guide positions wire for 
proper staple envelopment! Grooved Driving 
Blade stops staple at right depth of penetration 

to prevent cutting into wire or cable insulation! 

No. T-18-Fits wires up to 
3/16" in diameter. 

b', 

BELL, 
TELEPHONE, 

THERMOSTAT, 
INTERCOM, 
BURGLAR 

ALARM 
and other low } J voltage wiring. 

Uses T-18 
staples with 3/16" round crown 
in 3/8" and 7/16" leg lengths. tttttt. 

No. T-25-Fits wires up to 
1/4" in diameter. 
Same basic construction 
and 
wires as No. T-18. 

1-j. Uses T-25 staples 
with 1/4" round crown in 9/32',' 

/8", 7/16" and 9/16" leg lengths 

Also used for 
RADIANT 

HEAT WIRE 6 

Aug 

1 

NEW! Intermediate 
No. T-37 -Fits wires and cables 

up to 5/16" in diameter. 
. Same basic construction 

as Nos. T-18 & T-25. 

Also used for 
CATV and 

DRIVE RINGS in 
stringing wires. 

Uses T-37 staples 
with 5/16" round crown in 3/8", 

1/2" and 9/16" leg lengths. 

No. T-75-Fits wires and cables 
Up to 1/2" in diameter. 
RADIANT HEAT 

CABLE, 
OF CABLE, 4 

WIRE CONDUIT 
COPPER TUBING c 
or any non-metallic , 

sheathed cable. 
Also used as i 

DRIVE RINGS 
in stringing wires. 

Uses T-75 staples with /2" 
flat crown in 9/16", 5/8" 
and 7/8" leg lengths. 

271 Mayhill Street. Saddle Brook, N. J. 07663 
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Convergence Trouble 
continued from page 32 

affect the horizontal sweep. 
And, of course, the dynamic 

convergence signals are taken from 
the sweep circuits, so many sweep 
defects temporarily can upset the 
convergence. That's a strong reason 
to obtain the best size and linearity 
of the sweep circuits before making 
any dynamic convergence adjust- 
ments. 

Vertical Convergence 
Figure 8 gives the convergence 

circuit for vertical correction of the 
blue gun in an old color receiver 
with tubes. 

To obtain a parabolic current it's 
necessary to apply a sawtooth of 
voltage to the inductance of a coil. 
A sawtooth waveform is developed 
across an unbypassed section of the 
cathode resistor of the vertical -out- 
put tube. The sawtooth goes to the 
"amplitude" control, which adjusts 
the voltage fed to the convergence 
coil, and the circuit returns to 
ground through the tilt control and 
transformer windings. 

If an amplitude adjustment is 
lopsided, a sawtooth of current 

should be added to the parabola. 
And a pulse voltage generates a 
sawtooth of current. A center - 
tapped winding of the vertical -out- 
put transformer provides vertical 
pulses of both polarities. When the 
"tilt" control is set to the electrical 
center, the pulses cancel, giving no 
tilt correction. Then turning the 
"tilt" control one way or the other 
provides either positive- or negative - 
going pulses, and also changes the 
amplitude of the pulses. 

This circuit works fine, when the 
circuit has an output transformer to 
supply the opposite -polarity pulses. 
But, what can be done for the 
solid-state circuits that have no 
transformer? 

Transformerless vertical 
The vertical convergence circuit 

of the Zenith 17EC45 operates very 
well without an output transformer 
to supply the pulses. Instead, two 
amplitude controls are used, one 
for the top of the picture, and one 
for the bottom. The effect of tilt is 
obtained by operating one of the 
amplitude controls higher than the 
other. 

The vertical -convergence circuit 
continued on page 36 

VERTICAL 
SWEEP 

VOLTAGE 

FULL -WAVE 

RECTIFIED 

VOLTAGE TO 

CONVERGENCE 

COIL - 

PARABOLIC 
CONVERGENCE 

CURRENT 

1 VERTICAL SWEEP - 

0 VOLTS 

-0 VOLTS 

- -- --r -- - 0 CURRENT 

Fig. 10 These drawings show the operation of the circuit of Figure 9, explaining 
how one positive and one negative peak combine to make two positive peaks. In 
turn, those peaks produce a near -parabolic current. 
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Performance features 
at a price you can afford - 
and fully backed by Tektronix 
Only Telequipment offers you: 

TEKTRONIX GUARANTEE 
The Telequipment family of oscilloscopes is fully guaranteed by Tektronix, the world's leading 
oscilloscope manufacturer. This guarantee means that during your first year of ownership, if there 
are any defects in Telequipment parts or workmanship, you can bring your oscilloscope to any of 
35 Tektronix Service Centers across the United States for fast repair by experts-free of charge. 

PERFORMANCE FEATURES YOU NEED AT A PRICE YOU CAN AFFORD 
Model D61a Designed for portability and easy operation, the D61a is a dual trace 10 MHz 

'scope for only $595. For easy, accurate viewing, the D61a features automatic triggering and bright, 
stable waveforms on an 8 x 10 cm display. 

Model S61 NEW from Telequipment, the S61 is a 5 MHz single trace oscilloscope featuring 
automatic triggering and 8 x 10 cm display for $375. This lightweight (14 lb.) instrument has a 

straightforward, easy to read front control panel-well suited for education applications. 
Model D32 When you demand an extremely portable 'scope, the D32 is ideal. Battery or 

ac line operated, this 10 MHz dual trace 'scope weighs only 10 lbs. An optional shoulder strap or 
attaché carrying case can be used to take your 'scope into the field. The $750 price includes 
batteries and probes. 

IDEAL FOR MANY APPLICATIONS 
If you're servicing pocket calculators, TV, radio, 
microwave ovens, alarm systems or dozens 
of other consumer products, Telequip- 
ment 'scopes can do the job for 
you. Easy viewing and operating 
make Telequipment ideal for 
classroom use too. 

TELEQUIPMENT... 
THE CHOICE FOR YOU 
Performance features at a price 
you can afford, plus full backing 
by Tektronix make Telequipment 
a wise choice when you're looking 
for low-cost oscilloscopes. 

For more information about 
Telequipment oscilloscopes, 
contact your nearest Tektronix Field 
Sales Office, or write Tektronix, Inc., 
P.O. Box 500, Beaverton, Oregon 
97077. For immediate information, 
call Bill Glaze at Tektronix: 
(503) 644-0161, extension 7163. 

TelequípmenT 
S6i 

Me. AC -1 Ay r° o,xp.ro 

w3 :tn 

TELEQUIPMENT 

Telequipment is a division of Tektronix U.K. Ltd., a wholly owned subsidiary of Tektronix, Inc. 
U.S. Sales Price FO. B. Beaverton, Oregon. 
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THE 
GENERAL 

TELEVISION 
SERVILER 

Patents Pending 
covering 13 unique features. 

YOUR PORTABLE, COST 
EFFECTIVE SOURCE OF A 
CONVENTIONAL COLOR 
BAR PATTERN GENERATOR, 
A SUBSTITUTE TUNER AND 
MOST USED FUNCTIONS OF 
AN ANALYST, PLUS: 

Extra wide range RF/IF 
attenuator for testing 
receiver sensitivity. 
GRAY QUAD pattern for 
gray scale tracking 
checks/adjustments. 
COLOR BARS pattern for 
oscillator frequency checks 
with no need to short the 
AFDC test point. 
RED RASTER pattern for 
checking and adjusting 
purity at the flip of a switch. 
HATCHDOTS - versatile 
composite pattern for 
dynamic & static convergence 
plus other checks. 
High level, 75 ohm video 
output. 

ALL THIS FOR ONLY $299.95! 

Write for more information on 
the ATC-10 General Television 

Servicer, or try it at our risk. - 30 DAY SHOP TRIAL - 
(If not 100% satisfied in every 

way, return for instant refund in full.) 

American Technology 
Corporation 

225 Main Street. Dept. 3A. 
Canon City. CO 81212 

For your convenience, we accept 
Master Charge. BankAmericard 

arid COD phone orders. 
Same day shipment! 

(303) 275-8991 

HORIZONTAL 
SWEEP 

PULSES 
(SOURCE) 

SAWTOOTH 

VOLTAGE 

ACROSS 

CONVERGENCE 

COIL 

PARABOLIC 
CURRENT 

THROUGH 

CONVERGENCE 

COIL 

Fig. 11 Parabolic -shaped currents for horizontal convergence are produced by 
filtering (integration). Horizontal -sweep pulses (top waveform) are integrated by 
the inductance of a coil on the convergence board, forming a sawtooth of 
voltage (center). When the sawtooth of voltage is integrated by applying it to 
the inductance of the convergence -yoke winding, the yoke current has a 
parabolic waveform (bottom). 

Convergence Trouble 
continued from page 34 

receives the full output power of the 
vertical -deflection module, as shown 
in Figure 9D. This circuit is not 
grounded, except through the two 
diodes, which act as voltage -con- 
trolled switches to conduct current 
at the proper times. Although the 
sweep waveform has some pulse 
amplitude, most of the amplitude is 
sawtooth. Therefore, we refer to it 
as sawtooth. 

Several partial schematics in 
Figure 9 help explain the diode - 
conduction and convergence -coil 
currents, followed by the complete 
diagram of the blue vertical -con- 
vergence circuit. 

The waveform drawings of Figure 
10 show how switching by the 
diodes can change one positive 
peak and one negative peak into 
two positive voltage peaks that add 

together forming an approximate 
parabolic waveform of convergence 
current. 

Horizontal Convergence 
Parabolic current waveforms for 

horizontal convergence are formed 
by a different method. Figure 11 
shows the progression from hori- 
zontal voltage pulses, integration by 
a coil into a sawtooth of voltage, 
and the parabola of current pro- 
duced by the sawtooth of voltage. 
These parabolas are not classic 
waveforms-remember the actual 
waveform of horizontal -convergence 
current shown before. 

The simplified schematic of a 
1965 horizontal -convergence circuit 
(Figure 12) and another manu- 
factured in 1974 show several 
similarities. 

Pulses and waveforms 
What should you check first, 

when the crosshatch pattern looks 
For More Details Circle (50) on Reply Card 
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POS 

HORIZ 
PULSES 

A 

BLUE HORIZ LINES -RIGHT 

BLUE 

CONVERGENCE 

COILS 

0052 

.1 

I. BLUE HORIZ 

LINES -LEFT 

f 
1204 

BLUE HORIZ RIGHT -. 
POS 

HORIZ 
PULSES 

BLUE HORIZ 

CONVERGENCE COILS 

B 

BLUE 

HORIZ 
LEFT 

Fig. 12 The schematic of (A) comes 
from a CTC16 RCA TV. The adjustable 
coil and the .1 capacitor form a tuned 
circuit, while the control changes the 
tuning slightly. The diode is said to 
provide a small DC voltage to mini- 
mize changes of center convergence 
with adjustments, and also helps 
shape the waveform. The blue -hori- 
zontal convergence circuit of a newer 
model, the Zenith 17EC45, is shown in 
(B). There are improvements over the 
other circuit, but the similarities are 
obvious. 

like the one in Figure 13? This 
appears to show a total loss of all 
convergence functions. Is that possi- 
ble? Both horizontal sweep and 
vertical sweep samples (usually 
more than one kind) are brought to 
the convergence board, and the 
chances are slim of a defect elimi- 
nating all of them at the same time. 
But, an open in a ground wire 
common to both vertical and hori- 
zontal signals might do it. A loose 
or unplugged convergence connec- 
tor is more likely. 

However, when some functions 
work, but others don't, it's time to 

continued on page 38 

CET - MD 

Just a few letters 
Spell the difference 

That is professionalism 

If you are a service technician, 
Servicing: 
* TV 
* CB 
* Video 
* Antenna systems 
* Industrial electronics 
* Medical electronics 

Don't be 
"Just another repairman" 

Be a CERTIFIED 
ELECTRONICS TECHNICIAN 

Write to ISCET for details 
On how and where 
To take the exam 

ISCET - 1715 Expo Lane 
Indianapolis, IN 46224 

317-241-8172 

DIGITAL MULTIMETERS 
NLS proves NLS' DMMs have more capability 

at lower prices. 
NLS' Silver Jubilee Year 

THE VOLKSMETER FAMILY 
LM SERIES 

Features Include: 

Super Rugged - ideal for field service use. Battery 
powered with batteries and charger unit included. Ex- 
clusive NLS fuseless protection in lá2 mode - up to 500 vdc 
or rma ac maybe applied without damage. Overload 
indication. Automatic zeroing and polarity. Op- 
erating temperature - 0' to 45'C. Large 0.3" LED 
display. Small size: 1.9" H x 2.7" W x 4.0" D. 

Six optional shunts for current measurement -LM-3.5 
includes three shunts in values of 10 mA, 100 mA and SA. 

MODEL RANGES DC ACCURACY RESOLUTION DIGITS PRICE 

LM -3 
VDC & VAC 

1V, 10V, 100V & 1000V 

OHMS 
lie, 101e, 100 kS2, 1 MS2 & 10 MSZ 

±1% Rdg 1 mV 3 $125 

LM -3.5 ±0.5% Rdg 1 mV 3-1/2 $147 

LM -40 ±0.1% Rdg 100 µV 4 $190 

LM -4 ±0.03% Rdg 100 µV 4 $227 

Non -Linear Systems, Inc. 
See your local distributor! 

Distributor inquiries invited. 
Originator of the digital voltmeter. 
Box N, Del Mar, California 92014 Telephone (714) 755-1134 
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i. onvergence i couine 
continued from page 37 

enlist your scope to see if all of the 
sweep signals are there. Figure 14 
gives the amplitudes and waveforms 
of the four input . signals of the 
Zenith 19EC45 chassis. 

Try all adjustments 
When the convergence is wrong 

in just one area, the best quickie 
test is to tune in a crosshatch 
pattern and attempt to do a 
complete convergence job. Then, 
notice which controls do not re- 
spond in the usual way. Thé prob- 
lem often will be in the coil or 
control that does nothing, or oper- 
ates incorrectly. Or, at least, the 
defect probably is in the immediate 
circuitry. 

Think of the convergence board 
as the command post, telling the 
convergence yoke on the neck of 
the picture tube what to do. Now, 
are the proper signals leaving the 
convergence board? If so, perhaps 
the convergence coils are at fault. 

A 

Fig. 14 These are the four input waveforms to the convergence board of a Zenith 
teeth (with butterfly wings from the pincushioning) of about 55 VPP enter at pin 
horizontal pulses at pin 7, while below are shown the 27 VPP negative -going 
pulses of 200 VPP are found at pin 4 of the convergence plug. 

Fig. 13 When all convergence correc- 
tions are eliminated, all of the cross- 
hatch lines (except blue -vertical), ex- 
hibit the parabolic bending. In addi- 
tion, the vertical lines at the extreme 
right and left are moved sideways, 
with blue in the center of red and 
green. 

One method is to attach the 
scope probe across the coil or 
control that you suspect. Adjust it, 
and see if the waveform changes 
enough. Some examples are given 
in Figure 15. 

Of course, waveform analysis is 
not an exact science in convergence 
circuits. The amplitudes and wave - 

toms ootn cnange witn me aujust- 
ments. And that's just the point of 
this test. You should expect some- 
thing to happen, when you turn the 
knobs. If nothing happens this is 
an excellent place to start your 
search. 

Picture tube paths 
These last steps of the con- 

vergence system have fooled more 
technicians than all of the other 
stages have. I'm referring to: the 
convergence coils on the neck of the 
picture tube; the spaces between 
the core of these coils and the glass 
of the tube; and the spaces between 
the neck and the convergence elec- 
trodes inside the tube. 

First, we'll look at the coils. Each 
assembly (Figure 16A) has four 
separate windings. Two are for 
vertical correction, and two (the 
smaller ones) are for horizontal. 
The two vertical coils are connected 
together by a twisting and soldering 
of the wires (usually the joint is 
then hidden between the coils and 
under the covering). Also, there are 
two lugs, or two connections where 

C 

19EC45 chassis. (A) Vertical -sweep saw - 
6. (B) The waveform at top is the 8.8 VPP 
pulses at pin 2. (C) More positive -going 

A B 

Fig. 15 One test of a convergence control or coil is to attach the scope probes 
waveforms of (A) were found across T601 when R601 was turned from one end 
L601 at the two extremes of adjustment. The waveforms of (C) were taken at the 
was across T601. 

C 

across the terminals and adjust it. The 
to the other. (B) shows the waveform of 
end adjustment of R618, when the scope 
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You get MORE fron 
the RCAIOJIO6 Test Jig 

MORE ease in changing yoke impedances. 
Tapped horizontal and vertical transformers with 
front -panel switches eliminate plug-in impedance 
adapters. 

MORE sets can be serviced ... almost all 
makes - standard focus tube, hybrid or solid state, 
including PIL types. 

MORE screen area. Big- 
ger, shielded 19" picture tube 
gives large raster area. 

MORE high -voltage cap- 
ability. No expensive "extras" 
needed to service 33kV sets. 

MORE ease in trouble- 
shooting with Set -Up Index, 
extension cables, and a range 
of optional adapters. 

MORE savings in time and labor. Quick to 
hook up, easy to use. 

MORE dollar savings because the need for 
external impedance -matching devices is minimized. 

MORE convenience. Simple adapters and no 
transformers mean less clutter in your shop. 

MORE safety. Designed 
to handle chassis up to 33kV 
without danger from X-ray ra- 
diation. 

MORE years of depend- 
able service thanks to RCA 
high -quality design and con- 
struction. 
Contact your RCA Test Jig Dis- 
tributor or write RCA Distrib- 
utor & Special Products Divi- 
sion, P.O. Box 100, Deptford, 
N.J. 08096, Attn: Sales Promo- 
tion Services. 

RC/1 Color TV Test Jig 

the wires to the convergence board 
are attached. The horizontal coils 
are connected in the same manner. 

For More Details Circle (24) on Reply Card 

That makes a total of six assembly (there's one assembly for 
connections with a possibility of each gun). 
opens or intermittents for each continued on page 40 

A B 

Fig. 16 Two convergence winding/magnet assemblies are shown in (A); one is complete. Notice the beveled tips that 
should fit tightly against the glass neck of the picture tube, and the spliced wires between the horizontal coils at the 
bottom. The disassembled unit shows the rotary magnet that should be clamped between the two core halves, by the 
complex spring. If the spring is weak, the magnet can move randomly, causing mysterious changes of center 
convergence. These convergence assemblies are mounted in the deflection -yoke housing (B) in many of the early rec- 
tangular models. Make sure the convergence cores are seated firmly against the neck of the picture tube. 
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Convergence Trouble 
continued from page 39 

Even worse, the ends of the 
powdered -iron cores don't always fit 
snugly against the glass neck. 
Convergence systems usually have 
barely enough power for proper 
corrections; there is no reserve. So, 
a small gap between core and glass 
can reduce the correction for one 
gun. 

Coil assemblies that fit tightly 

A 
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Fig. 17 Picture (A) is a normal cross- 
hatch pattern on a new General 
Electric receiver that uses an in -line - 
guns picture tube. When the con- 
vergence coil was shorted out, the 
horizontal lines of the crosshatch (B) 
were not affected. 

Fig. 18 Picture tubes with in -line guns 
typically have simplified convergence 
adjustments and components. This 
GE convergence assembly has four 
rotary magnets for center converging 
the red and blue with the green. Most 
of the dynamic convergence comes 
from a special winding inside the 

inside deflection -yoke covers, as 
pictured in Figure 16B, have been 
known to bind against the plastic, 
thus they were prevented from 
touching the glass neck. 

But the worst problems of all can 
happen with those convergence -coil 
assemblies that are mounted sepa- 
rately on the neck of the picture 
tube. If the assembly becomes 
twisted in a circle (even a small 
amount), or is moved forwards or 
backwards a bit, the convergence 
coils no longer are "over" the metal 
pieces that conduct the magnetic 
fields to the gun. When these 
lengthened gaps appear in the 
magnetic paths, the field strengths 
are weakened, and the convergence 
adjustments are not sufficient to 
accomplish the usual correction. 

Tubes With In -Line Guns 
Many of the new color TV's have 

picture tubes with all three electron 
guns in a horizontal line, rather 
than in a triangle. The convergence 
boards are less complex, and fewer 
adjustments are required. 

Figure 17 shows a "hatchdots" 
pattern (from an ATC-10 American 
Technology generator) when the 
convergence was correct, and an- 
other pattern when the convergence 
coil was shorted out. Notice that 
the horizontal lines did not change. 
With this Chassis 19YC-2 General 
Electric, the "vertical" adjustments 
changed the spreading of the 
vertical lines only at the extreme 
top and bottom of the picture. The 
"horizontal" adjustments affected 
the sideward position of the vertical 
lines only at the extreme right and 
left edges of the screen. The green 
gun is the center one of the three 
guns, and it does not need any 
convergence adjustments. 

Only two vertical and two hori- 
zontal center convergence magnets 
are on the convergence assembly 
(Figure 18), plus terminals for 
adding or removing a set of coils 
from the circuit. The small con- 
vergence board has only about six 
adjustments. One unique difference, 
compared to the delta circuits, is 
that most of the convergence cor- 
rection is applied to an extra 
winding (or windings, it's difficult 
to see inside) of the deflection yoke. 

Recommended 
Servicing Methods 

we have found to be most effective 
for identifying convergence prob- 
lems: 

Tune in a stable crosshatch pat- 
tern, which allows you to see all 
vertical and horizontal lines; 

Lock the TV vertical and hori 
zontal to the crosshatch patterr 
then check and correct (if neces 
sary) any problems of improper 
width, height, and linearity; 

Check the purity of all three 
colors, and readjust it if necessary 

Try all adjustment controls to 
determine if an average amount of 
line movement can be obtained 
(controls that do not respond, or 
the components connecting to them, 
should be suspected); 

Visually examine the board area 
around any coils or controls that do 
not control the lines correctly; 

If the core of a coil is stuck, or if 
turning the core doesn't produce 
the desired action, check the core 
for cracks in the powdered iron. 
Remove each suspected core and 
substitute one for another coil, as 
a test; 

Operate the receiver for a time 
(perhaps 10 to 15 minutes), turn off 
the power, and feel the coils, con- 
trols, and resistors for any excessive 
heat. Coils having shorted turns 
often operate too hot; 

Check in -circuit the forward and 
reverse resistances of the diodes. 
Remove any suspected ones for 
external resistance tests; 

Remember that multiple -diode 
assemblies have been known to 
cause hard -to -find intermittents. 
Replace the entire assembly, if 
there is any question; 

If all vertical (or all horizontal) 
adjustments of one color have little 
or no effect, check the resistance of 
the proper convergence coil on the 
neck of the picture tube. Some 
opens or intermittents have been 
found where the two halves of the 
winding are connected: 

Waveform analysis in con 
vergence circuits is not very ac- 
curate, but a definite change of 
waveform or amplitude should be 
seen on a scope when it's connected 
across a coil or control, and the 
adjustment is changed; and 

When none of the adjustments 
are strong enough, suspect wrong 
positions of the convergence yoke. 
Remember that circular or front -to - 
back errors of more than 1/4 inch 

OeltetRJufl yune. I uwc aic utc aci vi..u,s iucuiuua can be important. 
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N TUBE STOCK 
By Gill Grieshaber, CET 

These were the fast-moving TV tubes during 1976 in my shop. 
We service all brands, but do few warranty repairs. 

Local conditions, such as the number of carry -in portables, 
or any unusually -high sales of one brand in your area, can 
change these figures. Therefore, you should adjust your 
buying, just as soon as a trend becomes apparent. Larger 
shops should expect to stock multiples of these quantities. 

An arrow pointing upward beside a quantity indicates the 
sales have increased recently, and a downward arrow shows 
decreased sales of the tube. 

TUBE Type Quantity TUBE Type Quantity TUBE Type Quantity TUBE Type Quantity 

1G3/1B3 1 1 6BS3 1 6HA5 2 6LQ6/6JE6 10 1 

1V2 1 1 6BW3/6DQ3 2 6H B7 1 6LR6 2 

2AV2 1 1 6 BZ6 1 1 6H F5 1 1 6LT8 1 

2BV2 1 1 6CB6 1 1 6HQ5 2 6LU8 2 

3A3 10 1 6CG3/6CD31 6HS5 2 1 6LY8 2 

3AT2 2 1 6CE3/6DT3 4 6HS8 1 6M D8 1 1 

3AW2 1 6CG8 1 6HV5 4 6T10 1 

3BS2/3BT2/ 6CJ 3 2 6HZ6 3 6U10 1 

3BW2 1 6CL3 3 1 6J10/6Z10 2 6X9 1 1 

3CN3 1 6CM 3 1 6J A5 1 t 8FQ7 1 

3DB3 1 6CS6 1 1 6J85 2 8LT8 1 1 

3DF3 1 6 DS4 1 6J B6 1 1 1 OGK6 1 1 

3DG4 1 6DQ5 1 6JC6 2 1 12AU7 1 

3DJ3 3 t 6DW4 10 6JD6 1 12AX7 1 1 

4BZ6 1 6DX4 1 1 6J F6 1 12BY7 2 

4DT6 1 1 6EA7/6E M7 1 1 6JH6 1 1 12CL3 1 

4EH7 1 1 6EA8 1 1 6JK5 1 t 12GW6/12DQ6 1 1 

4EJ7 1 6EC4 1 1 6JS6 4 12HG7/12GN7 2 1 

5GH8 2 6EH7 1 6JT8 1 12HL7 2 t 

5U4 1 6EJ7 2 6JU8 2 17BS3 1 

6AD10 1 1 6EN4 1 6JW8 1 17CT3 1 t 
6AF9 1 6EW6 2 6JZ8 1 17JZ8 1 

6AG9 1 1 6F M7 1 1 6KA8 2 17KV6 1 

6AL5 1 1 6E07 5 6K D6 3 19CG3 1 

6AQ5 1 1 6G E5 1 6K E8 2 21GY5 1 1 

6AS5 1 1 6G F7 3 6K M6 1 t 21LR8 1 1 

6AU4 1 6G H8 10 1 6KN6 1 23Z9 1 

6AU6 1 6GJ7 1 t 6KT8 2 24LQ6 1 

6AW8 1 1 6G M6 2 1 6KZ8 2 1 26HU5 1 1 

6AX4 1 6G N8 1 1 6LB6 4 31JS6 1 1 

6BAll 1 6GU7 6 6LE8 1 33GY7 1 1 

6BE3 1 1 6GW6/6DQ6 1 6LF6 1 34CE3 1 

6BK4 10 1 6G X6 use 6HZ6 6LF8 1 35LR6 1 

6BL8 2 6G Y6 use 6HZ6 6LH6/6LJ6 2 36MC6 1 

6BQ5 1 6GX7 1 6LJ8 1 t 40KD6/36KD6 2 

Note: tindicates sales are increasing 
1 indicates sales are decreasing 
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PLL...A New Brain 
For CB Radios By Marvin J. Beasley, 

All of the new 40 -channel CB radios have Phase -Locked 
Loops (PLL's) to generate the receive and transmit fre- 
quencies, using just a few crystals. These PLL's include both 
digital and analog circuits, and you need to understand the 
operation of this important development. 

Will the diagnosis and repair of a 
defect in the circuit shown in 
Figure 1 be a "nightmare" or a 
"piece -of -cake"? You can keep it 
from being a nightmare, if you 
thoroughly understand the circuit 
operation. 

This circuit is a Phase -Locked 
Loop, which is usually shortened to 
PLL. A quick look at a typical 
schematic will convince you that the 
circuit is complicated. Why, then, 
should the CB -radio manufacturers 
decide to use it in preference to 
other systems, such as the fre- 
quency synthesizer? The reasons 
can be condensed into these three 
words: cost, scarcity, and per- 
formance. 

Even when the 23 -channel radios 
required 14 crystals, a shortage of 
crystals had begun. Therefore, 
building millions of new CB radios 
for 40 channels, with each radio 
having perhaps 25 crystals, cer- 
tainly is not practical, considering 
the cost and scarcity of good quartz 
crystals. 

In contrast, a PLL circuit might 
have only one, two, or three crystals 
(depending on model and design) to 
generate the 80 frequencies (40 for 
transmitting and 40 for receiving) 
needed for the new allocation of 40 
CB channels. The cost factor is 
obvious; we'll discuss the improved 
performance later. 

Analog Plus Digital 
One mental roadblock on our 

way to complete understanding of 
PLL's is the combination of analog 
and digital principles. Most analog 

stages amplify the signal, making 
good linearity desirable. The signal 
usually varies both in amplitude 
and waveform. 

Digital circuits seldom amplify; 
unity gain is the norm. Waveforms 
of the signal usually are pulses or 
square waves, which are important 
only for the peaks, for these 
determine the "states". One peak is 
at supply voltage ("high") and the 
other is near zero ("low"). 

However, the digital circuits in 
PLL's either have DC switching 
voltages, or dividers which are self- 
contained inside IC's, so they are 
analyzed as "black boxes". There- 
fore, troubleshooting these circuits 
probably is easier than other types 
of digital devices. 

Before analyzing the operation of 
PLL's, we'll take a short look at 
conventional heterodyne synthesi- 
zers. 

Crystal -Controlled 
Heterodyne Synthesizers 

A total of 46 crystals would be 
necessary for the original CB cir- 
cuits which had one transmit 
crystal and one receive crystal for 
each channel. Figure 2 shows that a 
careful selection of crystal fre- 
quencies in a heterodyne -type of 
frequency synthesizer can reduce 
the crystal count to 14. If syn- 
thesizers were used in the new 40 - 
channel CB radios, it's likely 25 
crystals would be required. Of 
course, such a large number cannot 
be considered. This leaves PLL's as 
the only practical solution to the 
crystal problem. 

CET 

PLL's Are Not New 
Phase -Locked Loop circuits are 

not new, but many additional uses 
have been found for them lately; 
One example of an old PLL circuit 
is found in the horizontal locking of 
TV receivers (see Figure 3). Both 
the television and digital names for 
the stages are given on the block 
diagram, so you can become ac- 
customed to the unfamiliar ones. 
The AFT action in TV receivers is 
very similar; however, the phase 
detector has only one input signal. 
When the frequency changes, a DC 
voltage is developed because of the 
changing phase of the signal. 

Well -designed circuits such as 
these can be depended on to keep 
the output signal locked to the 
desired phase and frequency of the 
standard signal (horizontal sync, in 
one example). At least, they can 
over a narrow range of frequency. 
Broader pull -in and locking ranges 
require a DC amplifier between the 
low-pass filter and the oscillator 
DC amplifiers in CB PLL's permit 
solid locking over a wide range of 
frequencies. 

There's one serious limitation, if 
we want to adapt the circuit to 
other applications: the standard 
signal (sync) and the output signal 
(drive for the horizontal -output 
stage) have the same frequency. 

For other applications it is de 
sirable for the standard and output 
frequencies to be different. Sounds 
difficult, but it isn't. 

Even with analog circuits, it's 
possible to fool the simple PLL of 
Figure 3 into locking at specific 

t 

1 
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Fig. 1 The reference -frequency crystal of this Johnson PLL is pointed out by the 
alignment tool. Just to the right is the large IC, and beyond is the combination 
channel switch and digital readout. 

CRYSTALS 

Y9 0 

Y10 

Y11 o 

Y12 o 

Y13 o 

Y14 o 

TRANSMIT 

Y1 o ° 
Y2 

Y3 o 

Y4 o RECEIVE -TRANSMIT 
SWITCH 

RECEIVE 

Y5 o 

Y6 

Y7 

Y8 

o 

o 

Fig. 2 Heterodyne frequency synthesizers were developed to reduce the number 
of crystals (46) that previously were necessary for 23 CB channels. By 
combining in a mixer stage the RF outputs of two crystal oscillators, extra 
sum -and -difference frequencies are produced. A proper selection of 14 crystals 
can supply the 46 frequencies necessary for receive and transmit of 23 
channels. 

multiples of frequency. A resonant 
circuit, tuned to the third harmonic 
of the standard signal and inserted 
at point "X" between the standard 
signal and the phase detector will 
cause locking at the third harmonic 
of the standard signal. This is 
frequency multiplication; the fre- 
quency of the output signal is three 
times that of the standard. 

Alternately, adding a resonant 
circuit tuned to the third harmonic 
of the desired output frequency and 
inserting it at point "Y" will 
produce phase -lock with an output 
frequency that's one-third of the 
standard. This is frequency di- 
vision. 

Notice, in both cases, that when 
locking occurred, both signal inputs 
to the phase detector had identical 
frequency. So, the secret of obtain- 
ing either higher or lower output 
frequencies (relative to the stan- 
dard) is to add a frequency - 
changing device in series with one 
or both of the input signals to the 
phase detector, making the sample 
conform to the standard. 

Locking to harmonics doesn't 
give much choice of output fre- 
quencies, but by making some 
minor changes, it's possible to 
increase the number of phase -lock 
output frequencies. This is where 
digital circuits are far better than 
analog. 

Include A Divider 
Several changes are required to 

improve the simple PLL so it will 
operate over a larger range of 
output frequencies (Figure 4). First, 
the phase detector with the double 
diodes is replaced with a phase 
comparator, which might be a flip- 
flop multivibrator arranged so the 
widths of the output pulses vary 
with the differences of frequency 
and phase between the two signals 
coming into the comparator. After 
filtering, the output pulses become 
a DC voltage of a value determined 
by the width of the pulses. Inci- 
dentally, the filtering prevents lock- 
ing at the sum frequencies. A tiny 
trace of the desired frequency fed 
into an oscillator along with the DC 
error -correcting voltage helps the 
locking. Without filtering, both the 
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difference and sum frequencies 
would be present in the DC control 
voltage. This might tend to pull the 
oscillator to the wrong frequency. 

An amplifier stage increases the 
amplitude of the error -correcting 
DC voltage. Higher gain in the loop 
increases the accuracy of the lock- 
ing. 

Controlling the bias of an oscil- 
lator transistor or tube (often the 
case with horizontal oscillators) 
cannot change the frequency as 
much as is desired in most PLL's. 
So, a varicap diode is used to 
provide a wide choice of frequencies 

when controlled by the error DC 
voltage. 

Finally, a digital frequency di- 
vider is placed between the oscilla- 
tor and the phase comparator. 
Closed -loop locking varies the fre- 
quency of the AC -sample signal at 
the phase comparator until it 
matches that of the standard signal 
(usually a crystal -controlled oscil- 
lator). That forces the frequency of 
the VCO (and the output signal) to 
be higher than the standard fre- 
quency by the same multiple as the 
division of the divider. 

In other words, if the divider has 

a ratio of 15, the output frequency 
must be 15 times that of the 
standard. The number of possible 
output frequencies is limited only 
by the divider ratio. However, these 
are the limitations: the output 
frequency always is higher than the 
standard frequency; and the fre- 
quencies are in steps which are 
equal to the standard frequency. 
For example, if the standard fre- 
quency is 1 MHz, the output 
frequency might be 2 MHz, 3 MHz, 
4 MHz, and so on, in 1 MHz steps, 
depending on the divider ratio. 

CB channels are spaced every 10 

Fig. 3 These are the stages 
necessary for frequency control 
by the Phase -Locked Loop (PLL) 
principle. Many AFC stages for 
horizontal oscillators in TV's are 
PLL's. The TV stages are listed 
in parentheses. The limitation of 
this circuit, when adapted to 
other applications, is that the 
standard and output signals 
have the same frequency. 

X 

STANDARD 
SIGNAL 

(TV HORIZ SYNC) 

DC ERROR 

VOLTAGE ^ 
PLUS 
RIPPLE 

PHASE 

DETECTOR 

. 
Y 

X 

-- 

AC SAMPLE 

LOW-PASS 

FILTER 

(FROM OSC OR FLYBACK) 

VOLTAGE - 
CONTROLLED 
OSCILLATOR 

(HORIZ OSCILLATOR) 

DC ERROR 
VOLTAGE 

9. OUTPUT SIGNAL 

(HORIZ SWEEP DRIVE) 

DC ERROR 
VOLTAGE -I, - 
WITH 
RIPPLE 

STANDARD PHASE 

SIGNAL COMPARATOR 

LOW-PASS 

FILTER 

DC 
ERROR 
VOLTS 

ERROR - 
CORRECTION 

AMPLIFIER 

DC 
CONTROL 
VOLTAGE 

SAME FREQUENCY DIVIDED AC FREQUENCY VOLTAGE - 

DIVIDER 
CONTROLLED WHEN LOCKED AC SAMPLE 
OSCILLATOR 

1 OUTPUT 

SIGNAL 

(SOME MULTIPLE 
OF STANDARD 
FREQUENCY) 

Fig. 4 Addition of a frequency divider to the sample signal 
before it reaches the phase comparator tricks the voltage - 
controlled oscillator (VCO) into producing multiples of the 
standard frequency. Notice that the two inputs to the 
phase comparator continue to have the same frequency 

when locked. The output frequency depends on the 
standard and the ratio of the divider; it equals the standard 
frequency times the "divide -by" of the divider. The 
limitation is that a fixed -ratio divider allows only one 
output frequency. 
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KHz, so the circuit of Figure 4 can 
work properly only when the stan- 
dard signal measures 10 KHz. 
However, it's a long jump up to 27 
MHz, and there are other prob- 
lems. More circuit refinements are 
necessary. 

At Last, 27 MHz 
Figure 5 shows the block dia- 

gram of a practical PLL for CB 
transmitter use. Crystal oscillators 
for 10 KHz are difficult to build. 
Instead, a higher -frequency stan- 
dard is chosen, with a following 
fixed divider to provide 10 KHz to 
the phase comparator. 

Next, the fixed divider for the 
AC -sample voltage is replaced by 
a programmable -frequency divider. 
These dividers change ratio accord- 
ing to the switching of several 
control voltages in Binary -Coded 
Decimal (BCD) logic. Because the 
reference is 10 KHz, the VCO 
frequency changes by 10 KHz each 
time the divider changes one step. 

For example, dividing by 928 
makes the VCO frequency 9.28 
MHz; or dividing by 929 gives 9.29 
MHz. 

However, it isn't possible to 
divide even more and obtain the 
transmit frequency directly. Di- 
viding by 2725 provides 27.250 
MHz, and a division by 2726 gives 
27.260 MHz, but Channel 23 is 
27.255 MHz. The CB channel fre- 
quencies are not divisible by 10. 
The reference frequency could be 
5 KHz, but this would require a 
division by 5451 for Channel 23. 

Therefore, some models include 
another crystal oscillator, which, 
along with the VCO, feeds the 
mixer. Sum -or -difference frequen- 
cies from the heterodyne mixing 
can provide the correct channel 
frequencies. 

The other reason for the addi- 
tional oscillator is to provide the 
receive frequency, which always is 
above or below the transmit fre- 
quency by the frequency of the first 

Heat it 
Cool it 
Hot 750°F Air or a cooling breeze 
at the flick of a switch lets you ... 

Shrink most heat shrink tubing 

Cure Epoxies 

Reflow Solder 

Shrink packaging films 

Heat and cool components 

Expand frozen fasteners 

Reflow hot melt adhesive 

Repair vinyl 

Soften conformal coatings 

Precisely control the air flow of 
this compact Ungar Heat Gun. 
The tool weighs only 13 oz. and is 
equipped with a 3 -way, Hot -Off - 
Cold switch, a reducing baffle for 
pin -point heating, and three 
reflectors for shrink tubing. 

See the UNGAR HEAT GUN at 
your local Authorized Ungar 
Distributor or call or write us for 
more information. 

(lingo!) 
DIVISION OF ELDON INDUSTRIES, INC. 

P.O. Box 6005, Compton, Ca. 90220 (213) 774-5950 

IF in the receiver. Changing the 
PLL from receive to transmit could 
consist of switching -in the proper 
crystal. 

Notice that the same two crystals 
are used for all transmit fre- 
quencies, so all channels will have 
exactly the same accuracy (or 
error). Likewise, all of the receive 
frequencies have the same accu- 
racy. 

We are ready now to examine the 
circuit actions of one PLL. There 
are many other variations, and our 
explanation does not necessarily 
apply to them. We will cover the 
other types at a later date. 

Johnson PLL 
The block diagram of an E. F. 

Johnson 23 -channel Phase -Locked 
Loop digital synthesizer (originally 
developed for the Messenger Model 
191) is given in Figure 6. 

This PLL is nearly the same as 
the example in Figure 5, although 
it doesn't appear that way at first. 
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The drawing is turned around from 
the example, because several of the 
basic circuits of the Johnson PLL 
are inside one IC (U101). 

The oscillator for the standard 
frequency (crystal Y101 and part of 
U101) does double duty, supplying 
the comparator, and also furnishing 
a signal to the offset mixer. The 
oscillator labeled "high oscillator" 
is the one we mentioned as being 
necessary to solve the problem of 
the channel frequencies not being 
divisible by 10. In addition, the 
high oscillator has one crystal for 
transmit and another for receive. 

Output from the VCO does not 
go directly to the programmable 
divider, but first goes through the 
"synthesizer mixer" and the Q106 
amplifier before reaching the di- 
vider (which is inside of U101). 

Now that you are oriented to the 
locations of the various stages, we'll 
start the circuit analysis. 

Transmit Operation 
When any circuit has a closed 

loop, it's difficult to know where it 
all starts. Where is the beginning, 
and where is the ending of a circle? 
Although the Voltage -Controlled 
Oscillator (VCO) can be considered 
as the heart of a PLL circuit, any 
explanation starting there gets very 
confusing. Actually. you need to 
know everything at once, so keep in 
mind the purpose of each stage, as 
we start with the channel switch 

and the frequency standard. 

Crystal -controlled frequency standard 
Crystal Y101 and part of IC 

0101 comprise the oscillator of the 
5.120 -MHz frequency standard, 
that's used as a reference for the 
VCO signal. Because a frequency of 
10 KHz is needed at the phase 
comparator, the signal goes through 
a "divide -by -512" non-adjustable 
divider, and the 10-KHz output is 
sent to the phase comparator (the 
divider and the comparator both 
are inside U101). These conditions 
and frequencies do not change, 
regardless of the channel selected 
or the receive/transmit mode. 

When the loop is locked, the 
other comparator input (from the 
programmable divider) also must 
have a 10-KHz signal. In fact, the 
PLL will vary the frequency of the 
VCO until the 10-KHz frequency is 
obtained. 

Channel switching 
The main duty of the channel - 

switch contacts, the switching -logic 
IC's (U102 and U103), and the 
programmable divider is to select 
the proper divider ratio so that the 
number on the channel dial and the 
transmit output frequency both are 
correct for the channel desired. 

Up to Channel 23, the pro- 
grammable divider operates from a 
hexadecimal code (six numbers). 
One section of the channel switch 

Fig. 5 The previous schematic plus changes and 
additions becomes a practical PLL for a CB radio. 
In order to produce 10-KHz steps, the phase 
comparator requires 10 KHz at both inputs. A 
fixed divider changes the standard frequency to 10 

KHz. A programmable frequency divider replaces 
the one -ratio divider shown previously. It is con- 
trolled by switching circuits. Output of the VCO is 
in 10-KHz steps, but the channel frequencies are 
not divisible by 10 KHz, so another crystal 
oscillator is necessary to permit the channel 
frequencies to end in 5 KHz. Another requirement, 
not shown, is for a frequency change during 
receive. 

STANDARD 

FREQUENCY 

(CRYSTAL CONTROLLED) 

activates U102 and U103, which are 
connected as NAND gates. In turn, 
they determine the DC voltages at 4 
divider pins of U101. Voltages at 
two other divider pins are con- 
trolled directly by the channel 
switch. (Above Channel 23, the 40 - 
channel models also control two 
more divider pins, making a total 
of eight pins. More about that 
later.) 

On Channel 1, the divider ratio is 
81, for Channel 10 it's 92, and for 
Channel 23 the ratio is 110. All 
"divide -by" ratios are determined 
by the "high" or "low" state of the 
six inputs to the programmable 
divider. 

Comparator and VCO 
Inside U101 is the phase com- 

parator. It is not a duo -diode type, 
but uses a type of pulse -width 
modulation. From the comparator, 
comes a DC voltage; a zero voltage 
when the two input frequencies are 
identical (phase locked), and a 
negative or positive voltage when 
the two frequencies are not the 
sanie. The polarity is such that it 
changes the VCO frequency in the 
direction necessary for phase -lock 
at the comparator. Major errors of 
frequency produce large voltages, 
and the voltage becomes smaller as 
the error is reduced. 

However, the varicap diode 
(CR101), which determines the 
VCO frequency, requires a reverse 

FIXED DIVIDER 

(DIVIDE BY M) 

10 KHZ 

PHASE 

DC ERROR 
VOLTAGE 
WITH 
RIPPLE 

COMPARATOR 

10 KHZ 

WHEN LOCKED AC SAMPLE 
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voltage (positive to the cathode). 
Consequently, a fixed positive bias 
is added to the variable -polarity 
voltage from the comparator. Fol- 
lowing filtering of the error - 
correcting DC voltage, the voltage 
at the varicap diode might swing 
from near zero to about 6 or 7 

volts, according to the amount of 
frequency error, with phase -lock 
occurring at about +3.5 volts. 

Of course, it is true that the 
varicap voltage must be different 
for each channel. When the opera- 
tion is normal, the varicap control 
voltage (at TP1) should change 
slightly with each channel selected. 
If the circuit can't achieve phase - 
lock, the voltage will be too high or 
too low, and probably not change 
with each channel. This voltage can 
provide important clues during 
troubleshooting. 

High oscillator and mixer 
Output frequency from the VCO 

is not the final or desired fre- 
quency, either for the receive/trans- 
mit functions, or for the sample 
signal for the programmable di- 
vider. 

So, the Q104 "high oscillator", 
Q105 "synthesizer mixer", and the 
Q106 "amplifier" stages have these 
three functions: 

They act as a strange kind of 
divider, giving a frequency reduc- 
tion of slightly more than 34 for 
Channel 10, and more than 29 for 

LOW-PASS 

FILTER 

DC 

r -- 
PROGRAMMABLE 

FREQUENCY 
DIVIDER 

(DIVIDE BY N) 

ERROR 
VOLTS 

AC 

ERROR - 

CORRECTION 
AMPLIFIER 

SWITCHING 

CIRCUITS 

DC 

CONTROL 
VOLTAGE 

VOLTAGE - 
CONTROLLED 
OSCILLATOR 

Channel 23. The purpose is to 
obtain a lower frequency that can 
be handled by the CMOS pro- 
grammable divider. The difference 
frequency between the VCO and 
the high oscillator ranges from 810 
KHz at Channel 1 to 1.1 MHz at 
Channel 23. That is the sample 
signal at the output of the am- 
plifier, Q106. 

The high oscillator supplies the 
extra carrier (having a frequency 
ending in 5 KHz, such as 31.275 
MHz for Y103) that must be mixed 
with the output of any VCO which 
is controlled by this kind of divider 
(produces only frequencies that are 
divisible by 10). The problem was 
explained before. 

It's easy to obtain the necessary 
455 KHz decrease of PLL frequency 
during the receive function by 
switching in quartz crystal Y103 for 
transmit and Y102 for receive. This 
switching is done with diodes. 
CR105 is forward biased into 
conduction by the transmit B+, 
thus grounding the low side of 
Y103 for transmit. Then for re- 
ceiving, CR104 is made conductive 
by the receive B+ and Y102 is 
properly grounded. The diode 
switching eliminates any need for 
additional talk/listen contacts, for 
the two B+ supplies already are 
selected by the talk/listen switch. 

Those are the stages and their 
functions in the Johnson PLL, 

CRYSTAL 

OSCILLATOR 

l 
FREQUENCY 
VARIABLE IN 

10-KHZ STEPS 

HETERODYNE 

MIXER 

CB CHANNEL 

FREQUENCIES 

MORE 

FUNCTION 

GENERATOR 
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MONEY. 

The Hickok Model 
270 Function Generator 

gives you a lot more waveform 
generating capability than you'd 
expect for its price. 

Puts stable, calibrated, high 
quality sine, square and 
triangle waveforms from 1 Hz 
to 500 kHz at your fingertips. 

With external connections 
you can produce logic 
pulses, sweeps and ramps, 
AM and FM outputs, phase 
and frequency shift keying 
signals, tone bursts and more. 

Its an audio generator and 
much more. 

Before you buy another function 
generator, check out the Hickok 
Model 270. Ask your Hickok 
distributor for full details or 
write us for our 4 -page 
technical brochure. 

$22500 

HICKOK 
the value innovator 
INSTRUMENTATION E. CONTROLS DIVISION 
THE HICKOK ELECTRICAL INSTRUMENT CO. 

10514 Dupont Avenue Cleveland, Ohio 44108 
(216) 541-8060 TWX: 810-421-8286 
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except for the "offset mixer" and 
the output switching. 

Offset mixer and diode switching 
At first, I could not understand 

why a sample of the 5.120 -MHz 
carrier and a sample of the VCO 
output were fed to the "offset 
mixer". Of course, the VCO output 
frequency was not correct for any 
CB channel, but the divider could 
have been re -programmed to supply 
it. A Johnson design engineer gave 
me the answer: when the VCO 
operates on the same frequency as 
the RF 4 -watt power output stage, 
there is a possibility of a few radios 
suffering a feedback between those 
two circuits. This would appear as 
a small amount of FM, and the 

transmitting carrier would be wider 
than usual. To prevent any chance 
of such a problem, the VCO is 
operated at another frequency, then 
the 5.120 -MHz carrier heterodynes 
it to the correct channel frequency. 

CR102 and CR103 are operated 
as voltage -controlled switches, rout- 
ing the transmitter signal to the 
transmitter predriver, and the re- 
ceiver signal to the receiver mixer. 
They are keyed by the two B+ 
supplies. 

PLL for receive 
Functions of the PLL are the 

same during receiving as for trans- 
mitting, except for the two circuits 
that are switched by diodes. How- 
ever, many of the frequencies are 

different, so we have included a 
block diagram of the receive mode 
(Figure 7). The frequencies are for 
Channel 10, and the stars indicate 
the frequencies that are different 
for each channel. 

Overall Operation 
To make sure we have not gotten 

buried under a multitude of facts, 
let's briefly go through the basic 
operation, in slow motion. 

Suppose the receiver is tuned to a 
channel, and all circuits are work- 
ing correctly. Then, we turn to 
another channel, temporarily inter- 
rupting the phase -lock. For a split 
second, the VCO remains on the 
frequency of the previous channel. 
However, the programmable divider 
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Fig. 6 This E. F. Johnson PLL has the same general circuit as the one in Figure 5. It 
is drawn differently because several basic stages are inside 0101 integrated circuit. 
The frequencies are the ones for transmit bn Channel 10, and the ones with stars are 
different for each channel. 
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Chart 1 

Johnson Phase -Locked Loop 

Channel 
Divide -By 
Number 12 13 

U101 Pin State 
14 15 2 3 4 5 

Transmit 
Frequency 

1 81 1 o o o o 0 0 1 26.965 MHz 
5 86 1 o o o o 1 1 0 27.015 MHz 
10 92 1 o o 0 0 1 0 27.075 MHz 
23 110 1 o o 0 0 0 27.255 MHz 
30 115 1 o 0 1 0 1 27.305 MHz 
40 125 1 o o o 1 0 1 27.405 MHz 

Note: The first number of two -digit "divide -by" numbers (or the first two numoers of 
3 -digit "divide -by" numbers) determines the binary code for U101 pins 12, 13, 14 and 15. 
The second number of the twó-digit "divide -by" numbers (or the third number of the 
3 -digit "divide -by" numbers) determines the binary code for U101 pins 2, 3, 4 and 5. 

Chart 1 The "divide -by" number of the programmable 
divider applies to the Johnson PLL (other brands probably 
have different numbers), while the "pin state" uses 
conventional binary "high" and "low" states. Enough 
examples of decimal -to -binary conversion are given for you 

Decimal -To -Binary Conversion 

Decimal Binary 
0 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 

10 1010 
11 1011 
12 1100 

to check the programming. For example, the state for puns 
12, 13. 14 and 15 are for the first divide -by number, and the 
second number gives the states for U101 pins 2, 3, 4 and 
5. Channel 10 has divide -by 92. From the conversion, 9 is 
1001, and 2 is 0010, for a total code of 1001/0010 for U101. 
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SWITCH 
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Fig. 7 The receive -function block diagram is the same except for tl-e Channel 10 
receive frequencies, and the diode keying of the high -oscillator crystal and the output 
from the offset mixer. 
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And In 
This Corner... 
The RA. Champ! 
New 
Champion 

Series 
Public Address 
Line 

Compact to fit more places, from offices to 
auditoriums. Versatile, to meet up to 90% of 
all P.A. needs. Solid state, for better perform- 
ance and longer life. The finest, low cost, line 
on the market! 

Model PC -10 
10 WATT AMPLIFIER WITH SINGLE 

MICROPHONE, CAN ALSO BE USED 
AS A REMOTE LINE AMPLIFIER. 

Model PC -20-1 
20 WATT AMPLIFIER WITH SINGLE 

MICROPHONE. 

Model PC -20-2, PC -35. PC -60, PC -100 
20, 35, 60 AND 100-RMS WATTS WITH 

TWO MICROPHONES. 

Model PC -112 
Special high performance FM -AM monaural 
tuners can be used with any amplifier, since 
volume control is located on front panel. 

Model PC -4 
ADDS FOUR MICROPHONES TO ANY 

AMPLIFIER. 

To Order, Call Toll Free, 
800-323-0228 
or, write for complete information today. 

Precision Electronics, Inc. 
9101 King Street Franklin Park, Illinois 60131 

M Canada, Superior Electronics 
In Caribbean, E. D. Magnus, Chicago, Ill. 
Foreign, Morhan Exports, New York, N.Y. 

has changed to another code, so the 
signal sent to the phase comparator 
is not 10 KHz. 

Because the two input signals at 
the comparator do not have the 
sanie frequency and phase, an error 
voltage is generated and sent 
toward the varactor diode in the 
VCO. However, the AC filter slows 
down the travel time of the DC 
voltage, thus making the correction 
a gradual operation. 

The change of varactor voltage 
swings the VCO frequency slightly, 
forcing the slave frequencies (out- 
put of the synthesizer mixer, and 
output of the programmable di- 
vider) to follow in turn. This brings 
th PLL nearer to phase -lock, which 
reduces the amount of DC cor- 
rection voltage. It is a gradual 
process, somewhat like a car brak- 
ing to a stop at a certain point. 
When the phase -lock is accom- 
plished, the correction voltage vir- 
tually is zero. 

Main job of PLL 
The PLL has just one automatic 

and single-minded purpose, to vary 
the VCO frequency until the two 
input signals to the phase compara- 
tor have the same frequency and 
phase. That's all! Then it's up to 
the other stages to take the phase - 
lock condition and produce the 
correct channel frequency. 

Reverse look at PLL 

Now, the VCO signal travels 
through the synthesizer mixer 
(which acts as a kind of divider) 
and the programmable divider to 
the comparator. Also, it's certain 
the signal can't retrace the same 
path back to the VCO. Yet, it helps 
us understand the PLL operation 
better, if we start with the 10-KHz 
sample signal at the comparator, 
and mentally trace the signal 
backwards through the divider, the 
synthesizer mixer, and to the VCO. 
Visualize these dividers as fre- 
quency multipliers, as you do this. 

Refer to the frequencies in Figure 
7. The sample signal at the 
comparator is 10 KHz (we're as- 
suming phase -lock), and the divider 
is programmed for code 92. Multi- 
ply the 10 KHz by 92. The answer 
is 920 KHz. Mix this with the high - 
oscillator receive frequency of 
30.820 MHz, taking the sum prod- 
uct. The frequency now is 31.740 

MHz. That's exactly the value 
needed for Channel 10 receive 
VCO. 

Go one more step by mixing the 
5.120 MHz signal in the offset 
mixer, and taking the difference 
product. Now, the frequency is 
26.620 MHz, the correct Channel 
10 receive frequency, and just 455 
KHz less than the transmit fre- 
quency multipliers as you do this. 

Doesn't this reverse view of the 
PLL help clarify your overall con- 
cept? 

Divider Programming 
In the discussion of channel 

switching, we mentioned that the 
divider is programmed by selecting 
the proper "high" state (+10 volts) 
of the "low" state (near zero) for, 
six pins of the internal divider. 

However, the divider is capable 
of many more ratios, but two more 
pins of the IC must be switched. (In 
the 23 -channel version, these two 
were connected to B+ and ground.) 
That makes eight logic control 
points. 

Also, the switching logic IC's 
(U102 and U103) have been elimi- 
nated. The channel switch has been 
changed to include the extra switch 
contacts. 

Most of the CB radio manu- 
facturers include in the service 
manuals the programming tables 
for the PLL's, so you don't have to 
become a mathematician, when you 
need the information during 
troubleshooting. 

Chart 1 lists just a few repre- 
sentative figures for the 40 -channel 
Johnson PLL. 

Another advantage of the digital 
programming is that it is com- 
patible with digital readout circuits. 
LED channel numbers can be 
added at only moderate extra cost. 
This is a valuable feature; a dial 
with 40 numbers on it would hardly 
be readable; while the digital 
numbers can be read at a glance. 

Comments 
In future articles, we'll present 

some detailed troubleshooting pro- 
cedures for PLL's. For now, here is 
this one tip: determine by tests and 
symptoms whether wrong fre- 
quencies are caused by a program- 
ming defect, or from a malfunction 
in one or the other of the oscilla- 
tors. 
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btost lab 
By Carl Babcoke 

Each report about an item of electronic test 
equipment is based on examination and 
operation of the device in the ELECTRONIC 
SERVICING laboratory. Personal observations 
about the performance, and details of new and 
useful, features are spotlighted, along with tips 
about using the equipment for best results. 

VIZ products probably seem familiar to you, 
although the name might not be. For many years, 
VIZ designed and manufactured test equipment that 
was marketed by RCA. Last December, VIZ also 
obtained the distribution rights for the entire line. 
Other items have been added since then. These are 
the reasons why the instruction books (and even a few 
of the instruments) have the name "RCA" on them. 

VIZ Model WD -750A Digital VoltOhmyst 
This new digital multimeter (Figure 1) seems to be 

a worthy successor to the famous VoltOhmyst 
VTVM. 

Here are some of the basic specs and features: 
automatic polarity indication for DC volts and 

current; 
automatic zeroing for all functions; 
31/2 digits with bright 0.45 -inch red LED's; 
the automatic overrange causes the digits to flash 

rapidly in a random reading; 
an analog meter, with an uncalibrated sensitivity 

control, gives conventional swings of the pointer for 
peaking and nulling readings; 

all ranges and functions are selected by push- 
buttons; 
one pushbutton selects either low -voltage or high - 
voltage for resistance readings; 

each range button positions the decimal; 
the AC and DC volts, AC and DC current, and 

resistance functions have five ranges. In addition, a 
separate 20-megohm button is provided; and 

provisions are made for internal Ni -Cad batteries, 
if desired. 

The readout conforms to that of most 31/2 -digit 
meters. The highest reading is 1999. Above this 
figure, overrange occurs. For example, the 2 -volt 
range reads up to 1.999 volts, but any increase of 
voltage does not produce 2.000 volts; overrange is 
triggered instead. It might be explained as a 1000 
readout with a 100% overrange (less one count). 

DC volts 
Five DC -voltage ranges are provided: 0.2 volt (200 

Fig. 1 The VIZ Model WD -750A Digital VoltOhmyst has 
the features most needed for TV and electronic servicing, 
including high accuracy of readings, auxiliary analog 
meter, low -power ohms, plus extra voltage and resistance 
ranges. 

millivolts) and 2, 20, 200, and 1200 volts. The positive 
or negative polarity sign is displayed automatically. 
It's not necessary to reverse the test probes. Tests 
showed that the readings changed by no more than 
one digit, when the probes were reversed, thus forcing 
a change to the other polarity. That's good 
performance; not all analog meters can pass this test. 

Accuracy of the DC voltage ranges is 0.1% of 
reading ±1 digit, and the input resistance is 10 
megohms. Several test readings were almost identical 
to those of another brand of meter having similar 
accuracy ratings. 

AC volts 
Ranges of RMS AC voltage are the same as those 

for DC, and the input resistance also is 10 megohms. 
Typically, the accuracy of any meter is less for AC 
than for DC. The specs show X0.75% +2 digits 
between 45 Hz and 4 KHz, and X2.5% .2 digits 
between 4 KHz and 10 KHz. I believe the Model 
WD -750A exceeds that frequency accuracy. 

These ratings bring up one characteristic of many 
digital meters that usually is buried inside many 
figures: frequency response. The desirable 10-meg- 
ohm input resistance often costs two trade-offs. One 
is the loss of peak -to -peak readings (I don't know of 
any digital meter that offers such a calibration), and 
the other is the possibility of tiarrow-band frequency 
response. (One meter of another brand rolled off 
drastically above 4 KHz.) 

I am happy to report that the WD -750A meter has 
excellent frequency response; as good as any similar 
meter I have checked. The variation in the usual hi-fi 
audio range between 20 Hz and 20,000 Hz was less 
than 1%; and, even at 100 KHz, the reading was only 
about -8%. 

Think about that for practical audio measure- 
ments. One dB is about 11%, and few specs for hi-fi 
equipment demand any higher accuracy than about 
0.2 dB. That's about 2%. Now, look at the previous 
paragraph again. For all except the most precise 
audio frequency -response or voltage measurements, 

continued on page 54 
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Fig. 2 This photo shows the unretouched 0.45 -inch LED 
display, and the pushbutton operated switches, including 
those for the separate 20-megohm resistance range, the 
"LP" ohmmeter voltage, and the low -range millivolt, 
microampere, and 200 -ohm functions. (This instrument 
has the RCA name.) 

Fig. 3 The small "ana- 
log ref. set" knob 
should be adjusted to 
give a useful reading 
on the "analog refer- 
ence" meter, for those 
times when you want a 

pointer swing, of no 
particular value except 
to show maximum and 
minimum, for peaking 
and nulling operations. 

Fig. 4 The VIZ Mod- 
el WA-504B/44D Audio 
Generator has a Wein- 
bridge solid-state oscil- 
lator to supply the low - 
distortion sine waves, 
and a Schmitt trigger 
which reshapes the 
sine waves into square 
waves. 

Fig. 5 Limits of 
each range are 
indicated by a slit 
in the knob which 
shows a black bar 
between the low 
and high frequen- 
cies. 

Fig. 6 Waveforms of the WA-504B/44D are very good. The 
top waveform of (A) shows 20 -Hz square waves; and 
below it are the 200-KHz square waves, which have 
slightly rounded corners and slower rise and fall times. 
Over the audio range, the square waves are perfect. In 
picture (B), the top waveform shows 20 -Hz sine waves, 
and the bottom trace has 200-KHz sine waves. At 1,000 
Hz, the sine waves had only 0.22% total harmonic 
distortion. 

A B 

Test Lab continued from page 53 

the readout can be taken as accurate, without any 
correction factor! 

DC current 
The DC current ranges are the same as those for 

DC volts, except they are expressed in amperes, 
instead of volts. Accuracy is rated at 0.3% of reading 1 digit, voltage drop across the meter is 200 milli- 
volts. and a 2 -ampere fuse gives overload protection. 

AC current 
Ratings for AC current readings are similar to 

those for DC, except the basic accuracy is + 1% 
jL2 digits, plus some derating for high frequencies. 

Resistance readings 
Four of the. resistance ranges are direct -reading in 

thousands of ohms. In addition, the 200 -ohms range 
reads in ohms up to 199.9 ohms, and a separate 
pushbutton allows readings up to 20 megohms 
(actually 19.99 megohms). 

Another excellent feature is the "LP" button which 
allows a choice of "high -power" or "low -power" 
operation (see Figure 2). When you want to read the 
resistances of diodes or transistors, select the 
high -power mode. At the high end of each range, 
about 2 volts is applied to the test leads. Near the low 
end, about 0.1 volt is applied. This is slightly more 
than that from VTVM's. With infinite resistance 
across the test leads, the voltage measured about 11 
volts. 

When you are measuring circuit resistances, and 
don't want the transistor conduction to give erroneous 
readings, select the low -power mode. Although the 
open -circuit voltage also is about 11 volts, the highest 
resistance not causing overrange produces about 0.1 
volt across the test leads, and 0.006 volts near the low 
end of each range. 

Only about 1 digit difference of reading was 
noticed when changing from low -power to high - 
power. The "hot" test lead is the positive one. 

Analog meter 
To the left of the digital display is the "analog 

reference" meter, which gives a conventional reading 
on the edge -wise scale that has lines for reference, 
but is marked only "min" and "max", without any 
calibration numbers. Adjustment of a small knob 
(without markings except "analog ref. set", as shown 
in Figure 3) determines how high or low the meter 
pointer moves. 

The analog meter is very handy when you only 

Fig. 7 An audio generator 
usually is thought of in con- 
nection with frequency re- 
sponse curves and distortion 
measurements. But, there are 
many more uses, such as the 
one shown here, where an 
adjustable tone is fed to an 
amplifier and speaker system 
to check for buzzes and 
rattles. 

ELECTRONIC SERVICING 
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Fig. 8 Another good test, that's probably not 
done often enough, is to identify an unknown 
frequency by displaying a Lissajous figure on 
a scope. Connect the unknown signal to the 

scope's vertical amplifier, and the output of the audio 
generator to the external horizontal input. Adjust the gain 
controls to give approximately equal height and width. 
Then, adjust the generator frequency until some variation 
of a circle spins slower, and finally stops. (When the 
frequency is high, it's difficult to stop the rotation 
completely. In those cases, slow it enough that you can 
be certain it is a circle.) The frequency of the unknown is 
the same as the generator frequency. The waveform was 
made by a signal from a solid-state vertical sweep and a 

sine wave from the VIZ generator. 

want to know minimum or maximum voltage points 
during certain adjustments, and don't need precise 
readings. This eliminates the minor irritation of a 
digital display that flashes when a reading varies. 

VIZ Model WA -5046/440 Audio Generator 
Four decaded ranges supply low -distortion sine 

waves or fast -rise -time square waves from 20 Hz to 
200 KHz. The compact generator (Figure 4) has a 
large metal tuning dial with clear calibrations. For 
fast adjustments of frequency, the center knob can be 
turned, giving direct drive. Or, the smaller knob can 
function as a vernier, when accurate or critical 
adjustments are needed. 

An unusual way of showing the tuning limits of 
each range is supplied by the frequency selector knob 
(Figure 5). A cut-out in the rim of the knob exposes 
part of a black area on the panel, showing a black 
rectangle between the low and high frequencies of the 
range in use. In the picture, the second range (from 
200 Hz to 2 KHz) is in use. This range with other 
machines might be marked "X10", or 10 times the 
dial calibration. 

Figure 6 shows waveforms of the lowest and highest 
sine and square waves produced by the generator. 
Total -harmonic distortion of sinewaves measured 
0.22% at 1,000 Hz. Only the most expensive 
generators have lower distortion. 

Two knobs determine the output level. The top one 
is a variable control, which should be turned to 
maximum, when exact calibration of the other is 

desired. The lower attenuator is a four -position switch 
giving 0.01, 0.1, 1, or 10 volts peak -to -peak. 

The circuit provides a constant 600 -ohms im- 
pedance at all attenuator settings. This unit checked 
slightly above 11 volts PP, without any external load 
(the waveforms do not change with or without a load). 

No DC appears at the output banana jacks (it does 
with some square -wave sources), because a coupling 
capacitor is placed before the attenuator. 

Do not connect the generator to a circuit that has 
DC voltage, unless you first add an external capacitor 
at the output of the jack. This is to avoid damage to 
the attenuator. 

The operating manual shows and illustrates many 
uses for the audio generator in traditional audio 
applications (such as the one of Figure 7, where the 
generator is helping to find rattles in a guitar 

continued on page 56 

VIBRA -JET 
TURNS TUN -O -WASH INTO A 

J'/ rl.1l,%j' l 
TUNER DEGREASER 

;WNB AIN Ex 
MEOt ANY ,.. 

a. . .. 
`b`.». ".'tee.; 

NON./UMMABAB 

af %EITEXT UNOEA YAfi- 
'P,Nh MeecwtaN .1 .111 v M'A 

i1ET WT 24 01. =. patent pending 

PULSATING ...VIBRATING .. 
"CLEANING MACHINE" 

You have never seen anything like Vibra -Jet, 
our new patent pending aerosol pulsating 
device. Just plug it into a can of Tun -O - 
Wash and you get strong vibrational 
solvent impacts that instantly penetrate 
heavy grease, gunk and baked -on con- 
taminants. Vibra -Jet action even washes 
away dirt on horizontal surfaces ... makes 
Tun -O -Wash more effective, leaving tuner 
parts and controls "vibrantly clean." 

Vibra -Jet is made of strong durable poly- 
urethane construction. Works in all posi- 
tions and comes complete with 26 in. hose 
and 12 in. probe for hard-to-re.ach parts. 

FREE! FREE! FREE! 
FOR A LIMITED TIME 
ONLY, Vibra -Jet will be of- 

fered free with the purchase 
of 2 cans of Tun -O -Wash or 
Super Tun -O -Wash. 
Pick up our "Cleaning Ma- 
chine" ... it will be the best 
time saving investment you've 
ever made. 
Available at participating 
Chemtronics distributors. 

CHEMTRONKS 
INCORPORATED 

45 NOFFMAN AYE HAUPPAUGE N Y 11181 15161582 3322 

Our business is improv, ng yours! 

March, 1977 
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Test Lab 
continued from page 55 

amplifier/speaker). However, the generator also is 
useful in television servicing for finding and 
measuring the approximate frequency of vertical and 
horizontal sweep by the display of Lissajous figures 
(Figure 8). 

Comments 
The VIZ WD -750A Digital VoltOhmyst performed 

all of the usual digital functions very well. In 
addition, I especially liked the analog meter, the 
choice of ohms voltages, and the added very -low and 
very -high ohms ranges. 

However, another thing that "sold" me on the 
equipment was the excellent way it passed a little test 
I made up for digital DC voltmeters. You see, some 
digital meters give high accuracy when the DC 
voltage under test is steady and pure DC. But, when 
used with DC having high ripple or pulses, the 
reading can be all wrong (one model had a 40% 
error). So, I try them using two kinds of DC voltage. 
One source is half -wave unfiltered DC from a 
rectifier. The other is taken from a vertical -output 
transistor. The VIZ meter gave very accurate readings 
from both of these difficult sources. 

The operating manuals for the digital meter and 
for the audio generator contained a wealth of infor- 
mation about the instruments, and how to use them 
properly in service work. 

GO 
DIGITAL, 
GO DANAMETER 

(The New VOM For Today's Needs.) 

0.25% Accuracy 
Full Overload Protection 
Really Drop -Proof 
Full One Year Battery Life 

D A n A 
Dana Laboratories, Inc. 

2401 Campus Dr, Irvine, Ca 92715, (714) 833-1234 

For More Details Circle (28) on Reply Card 
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JCPenney 
689-4907/-4919, 4907, 4919 1634-1 

PANASONIC 
Chassis NMX-G8A 1636-1 

QUASAR 
Chassis 16TS-/19TS-485 1636-2 

RCA 
Chassis CTC81C/D/E/F/H/J/PIR/T/U/W/AA, 

CRK24A/C,CTP23A 1615-2 

SANYO 
PC -52N00 1638-1 

SEARS 
564.50140600, 564.50750600 1635-2 

SONY 
Chassis SCC-63D-E 1625-2 

TRUETONE 
SCJ4709A-77 1640-1 

ZENITH 
Chassis 23HC45 1637-2 

bookylm 
Solid State Electronics 
Authors: Frank P. Tedeschi and Margaret R. 
Taber 
Publisher: Van Nostrand Reinhold (A Division of 
Litton Educational Publishing, Inc.), 450 West 
33rd Street, New York, New York 10001 
Size: 202 pages plus index 
Price: $8.95 
The authors have compiled fundamental semi- 
conductor and electronic principles into this 
introductory book to reflect the current state of 
the art in electronics technology. All information 
adheres to the IEEE Standard No. 260, Symbols 
for Units. The book sets out to provide a more 
comprehensive working knowledge of actual 
electronic components in practical circuits. Eleven 
self-contained sections concentrate on specific 
semiconductor components. Numerous example 
problems, laboratory experiments, and illustrative 
aids such. as graphs, formulas and actual wiring 
circuits help bridge the gap between theory and 
practice. 
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TV and FM ANTENNAS 
AND ELECTRONICS 

ANTENNAS 
FIELD -ENGINEERED 

and TESTED 
in your area 

FOR YOUR AREA 

CALL or WRITE: 

Ar.A, P. O. Box 865, 

Bui lington, IA 52601 

Phone: 319-753-1625 

For More Details Circle (51) on Reply Card 

SERIOUS ABOUT 
YOUR FUTURE IN HOME 
ELECTRONIC SERVICE? 

The Sign of 

Professional 

Service 

... a not for profit association 
championing independents' right 
to compete, and delivering valu- 
able benefits continuously since 
1950. 

NATESA offers low cost group 
insurance, discounts on everything 
from eyeglasses to motor vehicles, 
individual consultation on particu- 
lar problems, representation to 
government and industry at all 
levels and a place to unite to pro- 
tect each individual member with 
the strength of all. 

Send this ad with your card or 
letterhead to: 

NATESA, Dept. ES 
5908 S. Troy St. 
Chicago, Il. 60629 

D Membership check $60.00 
enclosed, please send 

r? a free Practical Business 
Manual. OR 

L] a free Service Contract 
Cookbook. 

test equipmeNt 

pipi 11 

These features supplied by the 
manufacturers are listed at no -charge 
to them as a service to our readers. 
If you want factory bulletins, circle the 
corresponding number on the Reply 
Card and mail it to us. 

RF Generator 
Hickok has introduced a general- 

purpose RF signal generator, having 
special features for CB radios. Model 
256 has four bands for variable tuning 
of any frequencies from 100 KHz to 
16 MHz. These cover the IF needs for 
AM, FM, and CB radios, plus other 
applications. 

The fifth band is calibrated in CB 
channels, and gives expanded tuning 
from Channel 1 to Channel 40. 

An internal 1 KHz oscillator pro- 
vides modulation which is variable 

from 0% to 100%, with calibration at 
30%. Or, modulation can be produced 
from an external source. 

The RF attenuator has 20 -dB steps 
plus a 20 -dB variable control. 

Perhaps the most important feature 
for precision CB work is the extra 
signal -output jack for feeding a fre- 
quency counter. The level is not 
affected by the attenuator setting, so 
the accuracy can be as good as the 
counter that's used. 

Model 256 sells for $199 to tech- 
nicians or repair shops. 

For More Details Circle (38) on Reply Card 

Dry Dummy Load 
Coaxial's Model 4260 dry, coaxial 

RF load contains no oil, so it can be 
operated at full rating in any position 
without any messy leaks. Rated at 
50 -ohms impedance and 2 maximum 
average power of 200 watts, the 
Model 4260 is a suitable dummy load 
during transmitter testing without 
RF radiation at frequencies from DC 
to 512 MHz. 

For More Details Circle (39) on Reply Card 

ONE RIG 
DOES IT ALL! 

PJS-298 
C.R.T. Included 

33KV 
TUBE AND SOLID STATE 

33KV Leaded Glass CRT 40KV Meter 
Built -In Speaker Obsolete -Proof 

The PJS-298 Universal Test Rig for tube and 
Solid State TVs designed for servicing high 
voltage chassis. Built-in speaker for con- 
venient audio checking, 40KV-50Ua sensitivity 
meter for convenient audio checking, 40KV- 
50Ua sensitivity meter constant monitoring of 
the anode voltage. Up -dating is accomplished 
by means of plug-in modules. (Extension 
cables included). 

/e%I/ atiC 2849 Fulton St., 
Brooklyn, N.Y. 11207 

Please send me more information. 
NAME 
ADDRESS 
CITY STATE _ ZIP 

SOLD THROUGH DISTRIBUTORS ONLY 

For More Details Circle (29) on Reply Card 

It's the one and only flat -rate 
increment system that gives you 
the great feeling of pricing every 
job right. A system that treats 
both customer and shop owner 
fairly. Fast finger -tabs in both 
editions: 6x9 Hard Cover, steel 
ring -bound - $19.95 ea. post pd. 

Or The Satellite Edition 
for pocket sized con- 
venience - $16.95 ea. 
post pd. 

New 
Computerized 
Parts Pricing 
manual lists 
over 3,500 
most -used 
parts - $75 
initial set-up 
plus $10 
per copy. 

tv &rodio 
tech's guide 
to pricing 

P.O. Box 5234 Nebr. residents 
Lincoln, NE 68505 add sales tax 

Sperry tech inc. (No. editions)1 
My check enclosed 
BankAmericard Exp. 
Master Charge Exp. 

Name 
Co. 
Address 
City 
State Zip 

For More Details Circle (30) on Reply Card 57 
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CARTOON 
CORNER 

"Next time you need car -radio 
service, please call my competitor.' 

"Your TV has conked out, Mr. Smith? 
Great! I'll be right there." 

?file, 
"Better keep that green thumb 

of yours under control!" 

productpijnfl 
These features supplied by the 
manufacturers are listed at no -charge 
to them as a service to our readers. 
if you want factory bulletins, circle the 
corresponding number on the Reply 
Card and mail it to us. 

Spray-Thru Caps 
A new convenience for TV tech- 

nicians is available in the "spray-thru" 
caps on Chemtronics aerosols. It has 
been said this is the first time non - 
removable caps of this type have been 
used in the electronics industry. 
Misplaced caps and accidental sprays 
are eliminated with spray-thru caps. 
Also, the extension tube can be left 

permanently 
risk of loss. 

in place, reducing 

For More Details Circle (40) on Reply Card 

any 

CB Converter 
Sparkomatic has introduced Model 

CB -11 CB converter that is connected 
between a standard auto antenna and 
any AM or AM/FM radio for listening 
to any of the 40 CB channels. Some of 
the features include: an illuminated 
channel -selector knob; a switch to 
select either radio or CB reception; a 

noise silencer; a fine-tuning control, 
and a red LED that shows when the 
CB converter is on. 

The converter retails for approxi- 
mately $39.95. 

F Tune 

a, 
C sen.nYity 

r 
4tLzote,ah 

C8 Converter 

o d '; 

CB 
Silencer 

For More Details Circle (41) on Reply Card 

Tool Kit 
The 99SMW service kit by Weller- 

Xcelite features the addition of a wire 
stripper/cutter and a 25 -watt solder- 
ing iron. The tools fit into a roll -up, 
plastic -coated canvas case. The kit 
also includes long -nose and diagonal - 
cutting pliers, adjustable wrench, an 
assortment of regular and stubby 
screwdrivers and nut drivers, plus 
both regular and stubby handles, ex- 
tension blade, and reamer. For More Details Circle (42) on Reply Card 

Shielded Power Wiring 
Gold Line is offering a "Noise -Fil- 

tering Hookup Harness" Number 1106 
which is said to reduce the noise 
picked up by the power wiring. of CB 
or communications radios. Heavy-duty 
shielded coaxial cable with connectors, 
and an inductive filter are supplied to 
replace the unshielded power wires 
commonly used. An in -line fuse offers 
additional protection against shorts or 
overloads. 

For More Details Circle (43) on Reply Card 

DC Adapter Charger 
Dynamic Instrument's "Auto -Vert" 

DC -to -DC adapter/chargers plug into 
a cigarette lighter, and reduce the 12 
volts DC to other DC voltages as low 
as 3 volts, as required for lower -volt- 
age devices. It also can be used to 
charge rechargeable -type batteries, 
such as lead acid or Ni -Cad. 

Four interchangeable plug tips, 
called "Quadraplug", allows matching 
to various polarities and receptacles. 

For More Details Circle (44) on Reply Card 
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RPM 
These features supplied by the 
manufacturers are listed at no -charge 
to them as a service to our readers. 
If you want factory bulletins, circle the 
corresponding number on the Reply 
Card and mail it to us. 

CB/Public Address Speaker 
A CB/public address speaker that 

mounts in most places is available 
from Audiovox. Model CBS -20 is a 

weatherproof horn speaker, having a 
horn length of 4'/z inches, and a bell 
diameter of 3'/e inches X 3 inches. 

The speaker has a frequency range 
of 800 Hz to 6000 Hz, and a nominal 
input power rating of 5 watts. 

A 12 -foot cord with a 1/8 -inch plug 
is furnished with the' speaker, which 
lists for $11.95. 

For More Details Circle (47) on Reply Card 

Auto Speaker 
Model KK -6069 "Kriket" auto 

speaker by Acoustic Fiber Sound is 

designed for high -volume operation 
without damage. The 8 -ohm speaker 
handles up to 30 watts, with an 
extended frequency response said to 
be from 35 Hz to 20 KHz from a 
dual -cone speaker with air -suspension 
and front -loading designs. Suggested 
retail price is $44.95 each. 

For Mere Details Circle (48) on Reply Card 

cataloos flflin 
Circle appropriate number on 
Reader Service Card. 

87. Mountain West-offers a 64 - 
page catalog featuring over 900 
intrusion and fire -alarm products, 
ranging from simple kits to the 
latest ultrasonic, radar, and infra- 
red intrusion detectors. Product 
categories include burglar systems, 
fire systems, fire and burglar de- 
tectors, control instruments, tele- 
phone dialers, and lock specialties, 
among others. Products are de- 
scribed in detail regarding applica- 
tion, principle of operation and 
specifications, with connection dia- 
grams and pictures. 

93. Fordham-has released a dis- 
count mail-order catalog catering to 
radio and TV servicemen, electronic 
technicians, CB users, and hobby- 
ists. 148 pages list test equipment, 
CB equipment, tools, tubes, an- 
tennas, speakers and microphones, 
phonograph cartridges and needles, 

and other items. Particular em- 
phasis is devoted to test equipment. 

94. Hewlett-Packard-has a 32 - 
page publication which provides 
background on such subjects as 
thermal printing, testing, servicing, 
C-MOS, P-MOS, and N-MOS cir- 
cuits and RPN language. A catalog 
section provides background on 
each of the hand-held and printing 
calculators, including an explana- 
tion of functions, physical specifica- 
tions and accessories. The publica- 
tion also includes a question and 
answer section and a collection of 
unusual case histories. 

96. Lansdale Transistor and Elec- 
tronics-offers 16 pages about their 
line of germanium power transistors 
with single and quantity prices. A 

selector guide is included for refer- 
ence and selection of power alloy 
transistors with 3A to 60A ratings, 
diffused -base power transistors 
with l0A to 60A ratings, and low - 
current transistors for audio ampli- 
fier and switching applications. A 
cross reference guide also is pro- 
vided. 

need beRs? 
o (z7:) o 

Standard and special belts and 
tires ready for immediate ship- 
ment - fit over 3,000 new and 
obsolete makes of tape re- 
corders, projectors, dictating 
machines, video recorders, and 
turntables. Simplified cross ref- 
erence system makes ordering 
easy with one day service on 
most items. Drive tires, wheels, 
phono idlers also listed. Call or 
write for free catalog. 
DEALER INQUIRIES INVITED. 

PROJECTOR -RECORDER 
BELT CORP. 
319 Whitewater St., Whitewater, 
WI 53190 - (414) 473-2151 

For More Details Circle (34) on Reply Card 

NATIONAL .ELECTRONIC 

NESDA 
SERVICE DEALERS ASSOCIATION. INC. 

1715 EXPO LANE 
INDIANAPOLIS, INDIANA 46224 

PHONE: 1317) 2418160 

WE'RE GROWING! 
To better represent 

YOU 
The successful service 

business operator. 

* Over 2000 firms belong 
* 35 State Affiliates 
* 162 Local Associations 

YOU CAN JOIN 
And learn how to make 
money and work less 
hours. 

Write today for a 

membership application 
and more information. 

March, 1977 59 
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The MARKETPLACE 

Advertising rates in the Classi- 
fied Section are 35 cents per 
word, each insertion, and must 
be accompanied by cash to 
insure publication. 

Each initial or abbreviation 
counts a full word. 

Minimum classified charge $3.00. 

For ads on which replies are 
sent to us for forwarding (blind 
ads), there is an additional 
charge of $3.00 per insertion to 
cover department number, pro- 
cessing of replies, and mailing 
costs. 

Classified columns are 
to advertising of any 
regularly produced by 
turers unless used 
longer owned by the 
turer or a distributor. 

not open 
products 
manufac- 
and no 

manufac- 

BUSINESS OPPORTUNITY 

TIRED OF CUSTOMER ABUSE? Expand into 
lucrative patented MATV Preliminaries $3.00. 
Box 809. Boynton Beach. FL 33435 10-76-61 

T.V. SHOP for sale. RCA authorized Service 
Center. Repairs on all brands. New and used T.V. 
sales and rentals. Sixteen years in same location. 
Owner retiring. Arnold's T.V., 3533 Adams, San 
Diego. Ca. 92116. 3-77-0 

FOR SALE 

TV & RADIO TUBES 36c EA!! Free color catalog. 
Cornell. 4221 University, San Diego, California 
92105 8-76-1f 

BUILD ELECTRONIC DEVICES in your home. Get 
started in your spare time. Big profits. Experi- 
ence not necessary. Ask for free literature telling 
how. Electronic Development Lab, Box 1535, 
Pinellas Park. Fla. 33565. 3-77-1t 

RIDER'S MANUALS 15 unabridged, 7 through 9, 
11 through 20. 22 and 23. Will take best offer. 
Central Electric Service. 712 Cherry Hill Drive, 
Staunton. Virginia 24401. 3-77-1t 

SELLING SUPREME PUBLICATIONS' manuals to 
50% discount. Beitman, 1760 Balsam, Highland 
Park. IL. 60035. 3-77-1t 

RADAR DETECTORS are Big Business! Dealers 
can buy the LONG RANGER RADAR RECEIVER 
with light & buzzer & cigarette lighter connector 
for $62.50 each. Retails for $89.95 to $99.95. 
Distributed by Ronkel, Inc., P.O. Box 13151, 
Arlington, Texas 76013. 3-77-1t 

FULLY DEPRECIATED T.V. & C.B. test instru- 
ments we no longer need. Write or call for list 
and prices. Frazier Electronics, 105 Church St., 
Fredericktown. Missouri 63645, 314-783-5732. 

3-77-2t 

PICTURE TUBE REBUILDING EQUIPMENT COM- 
PLETE. Duds and accessories included. Easy to 
operate. Two stage oven for fast production of 
color or B&W tubes. Cost over $12,000-will take 
$6,000. Hurry, don't let this opportunity pass you 
by. Pete Karam. 2604 Adams, San Diego, Calif. 
(714) 298-5501 or (714) 263-1538. 3-77-1t 

FOR SALE (CONT.) 

REPLACEMENT COLOR YOKES -DEALERS ONLY 
Zenith 95-2501-2532-2638-2667-S-89633 etc. 14.95, 
Magnavox 361380-1 18.95, Sylvania, GE etc. 14.95 
to 19.95. Request for price list on your Letter- 
head. David Sims Enterprises, Inc. 665 Jericho 
Turnpike, Huntington Station, N.Y. 11746 12-76-tf 

UNUSUAL SURPLUS AND PARTS Catalog $1. 
ETCO Electronics, Dept. E.S , Box 741, Montreal 
"A" H3C 2V2 7-76-101 

SAMS PHOTOFACTS 1 to 1626. Complete and 
excellent. Six filing cabinets. Best reasonable 
offer. C. W. Riley. CET, 715 Angela Dr., Normal, 
III. 61761. 309-452-4593. 3-77-11 

TV REPAIR HINTS. Send make and model. $3.00. 
Charles TV, 2033 McGraw Ave., N.Y. 10462. 

3-77-2t 

HELP WANTED 

OUTSIDE SERVICE TECHNICIAN. Paying top 
wages for best qualified men. Qualifications for 
position: Total honesty, industrious, ten or more 
years direct television experience, non-drinker, 
non-smoker. must be able to work without 
supervision. Present employees grossing over 
$20,000.00. Send resume to American Television 
Service. 1032 So. State, Orem, Utah 84057.3-77-4t 

EDUCATION -INSTRUCTION 

REPAIR TV TUNERS-High Earnings, Complete 
Course Details, 12 Repair Tricks, Many Plans, 
Two Lessons, all for $2. Refundable. Frank 
Bocek, Box 3236 Enterprise, Redding, Calif. 
96001. 8-76-tf 

2 I e1 
EARN YOUR 
PROFESSIONAL 
BACHELOR DEGREE 

with 4 or more years of Electronic Business 
Management, Sales, or Servicing Experience. 
For FREE Information Write: 
EBERT PROFESSIONALS INSTITUTE 
Box 1651 Dept. R 

Columbia, Missouri 65201 

REGIONAL ADVERTISING SALES OFFICES 

Indianapolis, Indiana 46280 
ROY HENRY 

2469 E. 98th St. 
Phone: (317) 846-7026 

Greenlawn, New York 11740 
CHUCK HORNER 

P.O. Box 175 
Phone: (516) 757-7863 

Mountain View, California 94043 
DENNIS TRIOLA 

2680 Bayshore Frontage Road, Room 102 
Phone: (415) 961-0378 

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

12 Bear Street 
Leicester Square 
Phone: 930-0525 

Badhoevedorp, Holland 
JOHN ASHCRAFT & CO. 

JOHN J. LUCASSEN, Mgr. 
Sloterweg 303 

Phone: 2968-6226 

Tokyo 1, Japan 
INTERNATIONAL MEDIA 
REPRESENTATIVES LTD. 

Shiba-Kotohiracho, Minatoku 
Phone: 502-0656 
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Picture of an astute 
service technician 

Whether you're servicing TV, AM/FM radio, 
CB transceivers, Hi-Fi equipment, garage - 
door openers, or other electronic gear, it pays 
you to go to your nearest Sprague Q -MART 
distributor for replacement parts. 

Sprague Q -Line components are the best, 
easiest -to -use, quickest -to -locate parts avail- 
able to the service trade. Hundreds of Sprague 
Q -MARTS are located throughout the country. 
They're out there to keep you and your cus- 
tomers happy by letting you spend more time 
at the bench and less time in those frustrating 
searches for needed replacements. 

On Q -MART displays you'll find the hottest, 
most -needed capacitors, resistors, filters, 
transistors, diodes, rectifiers, ICs. quartz 

MEMBER 

crystals, solid state tubes, semiconductor 
hardware, LED devices, alpha -numeric dis- 
plays, switches, lamps, and wiring compo- 
nents such as solderless terminals, specialty 
connectors, terminal blocks, cable clamps, 
etc. They're all neatly packaged and marked 
for easy, time -saving selection. 

But the best news is that the Sprague name 
on every package assures you of high -quality 
call -back -free components that help build 
your reputation for dependable service. 

Get to know the Sprague Q -MART distrib- 
utor in your area. If you're not sure who he is, 
write to us for the location of the Q -MART 
nearest you. Sprague Products Company, 
509 Marshall St., North Adams, Mass. 01247. 

71 Marshall St., North Adams, Mass. 01247. 

AMERICA'S LARGEST MANUFACTURER OF ELECTRONIC COMPONENTS 

65-6126 

SPRAGUE 
THE MARK OF RELIABILITY 
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BUSS Fuses 
FOR QUALITY -RELIABILITY 
For anything you need in protecting electronic 
circuits and devices - 

FUSETRON® 

dual -element - time -delay fuses 

Avoid nuisance opening, yet get full short- 
circuit protection. Available from 1/100 amp. 
to 40. Size 1/4 x 11/4 in. and 9/32 x 11/4 in. 

BUSS 
Signal -Indicating 
Alarm -Activating 
FUSES 

Available with 
time -delay or 

quick -acting char- 
acteristics. Available 
from 1/10 to 30 amp. 
Size 1/4x11/4 in. and 

13/32 x 11/2 in. 

BUSS 
Sub -Miniature 
GMW fuse 

and HWA fuseholder. 
Full size .270 x .250 in. with 
window to check fuse ele- 
ment. Available 1/200 to 5 

amp. 

FOR THE 

PROTECTION OF ALL 

ELECTRONIC 
CIRCUITS 

Write for Bulletin SFB - See for yourself - 

TRON® rectifier fuses 

Provide extremely fast opening and high 
degree of restriction of let-thru current 
to protect Solid State Devices. Ampere 
rating 1/2 to 1000 in voltages up to 1500. 

BUSS Fuses 
for 
TELEPHONE 
COMMUNICATIONS 
Similar equipment 

GMT fuse 

HLT holder 

Series 70 

Grasshopper 

HKP 
panel 

mounted 
fuseholder 

for 1/4 x 11/4 in. 
fuses. 

BUSS GLASS TUBE FUSES 
"quick -acting" 

Provide high speed action to protect delicate 
instruments and apparatus. Available from 
1/500 to 30 amp. Size 1/4x1 in. and 1/4s11/4in. 

TRON® Sub -Miniature Pigtail Fuses 
Size only .145 x .300 in. Glass tube permits 
visual inspection. Hermetically sealed. Avail- 
able from 1/200 to 15 amp. 

BUSSMANN MANUFACTURING 
a McGraw -Edison Company Division 
St. Louis, Missouri 63107 

BUSS SNAP -LOCK 
FUSEHOLDER 
Rear panel mount fuse - 
holder for 1/4 x 11/4 in. 
fuses. Snaps into place. 
Specify HTA-00 for space 
saver type. HLD-00 to take 
visual indicating fuses. 
HKP-00 for standard fuse - 
holder. HJM-00 to take 1/4 
x 1 in. fuses. 

BUSS FUSES and 
FUSEHOLDERS 
to meet military 
specifications. 

H KA 
lamp 

indicating, 
signal -activating 

fuseholder. 

BLOCKS FOR 
BUSS FUSES 

All types available for every 
application. Single pole, 
multiple pole, small base, 
laminated base, porcelain 
base for fuses from 1/4 x e 
in. up. Also signal fuse 
blocks and special blocks of 
all types. 

LI N Al WAY 

THE QUALITY UNE 

For More Details Circle (2) on Reply Card 
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