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P2@5 TUNERS NEEDING REPAIR

¢
iy $$$ REWARD $5§

Fast!! Expert Rebuilding Service

L
r
&

w S REWARD: Increase your profits, save time and
gain customer satisfaction with the PTS Tuner
Rebuilding Service.

o Eight Hour Service on any make any model
Tuner including foreign makes. Color, Black
and White, Tube, Transistor or Varactor.

¢ Original Parts

e One Year Warranty

e Quality—Professional technicians with
major TV manufacturers recommendation
do the work.

o Protective Packaging—Protects during
shipping and storage.

e Convenience—Over 40 PTS company-owned
servicenters located throughout the U.S.
and Canada. See opposite page for nearest
servicenter.

1 PM’& PTS ELECTRONICS, INC.
W& PRECISION TUNER SERVICE

General Headquarters: P.O. Box 272, Bloomington, IN 47401
For More Details Circle (1) on Reply Card
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12 Favorite Repairs Using A Scope—This third group of case his-
tories illustrate the times a scope should be used during
diagnosis—Ron Meyer, CET.

17 Servicing GE Modular Color TV, Part 5—Video circuits have
developed into extensive and complicated systems, as illus-
trated by the IF and video circuits of the General Electric
19YC-2 chassis—Gill Grieshaber, CET.

30 Those Mysterious Single-Sidebands—One radio technique
that’s most often misunderstood is the generation and amplifi-
cation of sidebands—Forest H. Belt, CET.

39 Servicing Electronic Organs, Part 7—In this conclusion of the
series, tips about starting organ repairs, and miscellaneous
technical facts are presented—Norman H. Crowhurst and Carl
Babcoke.

43 Reports From The Test Lab—The new test equipment for CB
radios offers accuracy, stability, and convenience of operation,
all at a moderate price. One excellent example for testing CB
receiving functions is the B&K-Precision Model 2040 CB Sig-
nal Generator—Marvin J. Beusley, CET.

46 Is The Tuner Or Chassis Bad?>—Tuner repair stations in-
tensely dislike receiving normal tuners for repair. Here are tips
from an expert to help you avoid this trap—Ted Foster.

50 Paging Sherlock Ohms!—Have fun and test your electronic
knowledge with this Just-Across-Word puzzie —Edmund A.
Braun.
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A diagnostic machine which can identify the precise defective
component would be the perfect Christmas gift for most
technicians. Photo by Carl Babcoke.
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YOU'VE GOT US
WHERE YOU
WANT US!

MIDWEST NORTHEAST

Home Office SPRINGFIELD, MA 01103
BLOOMINGTON, IN 47401 191 Chestnut P.O. 3189
5233S. Hwy. 37, P.O. 272 413-734-2737
812-824-9331 PHILADELPHIA
CLEVELAND, OH 44134 Upper Darby, PA 19082
5682 State Road 1742-44 State Road
216-845-4480 215-352-6609
KANSAS CITY, KS 66106 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 §t., P.O. 1241
314-428.1299 716 891-4935
DETROIT, MI 48235 BOSTON
13707 W. 8-Mile Rd. Somerville, MA 02144
313-862-1783 52 Hotland St.. Davis Sq.
GRAND RAPIDS, Ml 49501 617-666-4770
1134 Walker Northwest SYRACUSE, NY 13204
P.O. 1435 418 Sotar S1., P.O. 207, Salina Sta|
616-454-2754 315.475-2330
CINCINNATI, OH 45216
8172 Vine §1., P.O. 15491 PACIFIC
513-821-2298 SACRAMENTO, CA 95841
MILWAUKEE, Wl 53218 4611 Auburn Blvd., P.O. 41354
3509 W, National 916-482-6220
414-464.0789 SAN DIEGO, CA 92105
COLUMBUS, OH 43227 5111UniversityAve ,P.O.5794
4005A E. Livingston 714-280-7070
614-237.3820 LOS ANGELES, CA 90023
INDIANAPOLIS, IN 46202 4184 Pocific Woy
28E. 14thst. 213-266-3728
317-631-155) PORTLAND, OR 97213
DAVENPORT, (A 52805 5220 N.E. Sondy Blvd.
2024 E. River Dr., P.O. 187 P.0. 13096
319-323.3975 503-282-9636
OMAHA, NB 68132 SEATTLE, WA 98109
5008 Dodge Street 432 Yole Ave. N, P.O. 9225
402-558-1800 206-623-2320
CHICAGO
Berkeley, IL 60163 MOUNTAIN
17525 Tafi Street DENVER
212-449-7640 Arvada, CO 80001
4958 Allison §1., P.O. 672
303-423-7080
SOUTH SALT LAKE CITY, UT 84106
JACKSONVILLE, FL 32210 1233 Wilmington Ave.
1918 Blanding Blvd., P.O. 7923 P.0. 6218
904-389-9952 801-484-1451
WASHINGTON, DC PHOENIX, AZ 85061
Silver Spring, MD 20910 '2412 W. Indion Schoot Rd.,
8880 Brookville Rd. P.O. 27248
301-565-0025 602-266-0582
CHARLOTTE, NC 28225
724 Seigle Ave.. P.O. 5512 SOUTHWEST
704-332-8007 LONGVIEW, TX 75601
BIRMINGHAM, AL 35222 MopacRd., P.O. 7332
524-32nd S1. So., P.O. 31004 214.753-4334
205-323-2657 OKLAHOMA CITY, OK 73106
MEMPHIS, TN 38118 3007 N. May, P.C. 60566
3614 Lamar Ave., P.O. 18053 405-947-2013
901-365-1918 HOUSTON. TX 77207
NORFOLK, VA 23504 4326TelephoneRd.,P.0.26616
3118E. Princess Anne Rd. 713-644-6793
804-625-2030
NEW ORLEANS CANADA
Metairie, LA 70004 MONTREAL, #/Q
3920A Airline Hwy., P O. 303 8400 51. Lawrence Bivd.
504-837-7569 Room 205
TAMPA. FL 33690 514-381-4233
27035, Macdill, P.O. 14301
813-839-5521
NASHVILLE, TN 37214
2426 A Lebanon Rd.
615-885-0688
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The “New Generation”
Flat-Rate Pricing...

is proving itself in thousands of shops from
coast to coast—it prices your work profitably
while creating customer good-will.

Fast tab indexing to 19 major repair
categories prices all bench, home and over-

PAT. PEND. $299.95

-
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ATC-10 ¥
GENERAL TELEVISION

SERVICER

Extra wide range RF/IF attenuator for
testing receiver sensitivity.

GRAY QUAD pattern for gray scale
tracking checks/adjustments.

COLOR BARS pattern with 6th bar
marked to make your job easier.

3.58 MONITOR pattern for oscillator
frequency checks with no need to short
the AFPC test point.

RED RASTER pattern for checking and
adjusting purity at the flip of a switch.

All dot patterns have fine pinpoint dots.

High level, 75 ohm video output.
2 year factory warranty.

30 day money back guarantee.

__ AmericanTechnology Corporation
225 Main Street, Dept. 11A, Canon City, Colorado 81212

Credit card & COD phone orders accepted. Same day shipment. (303) 2758991, ext |

Carl Babcoke (Electronic
Servicing) says, “If 1
could choose only one
of the many kinds of
dot or crosshatch pat-
terns, 1 would want this
one.” Think how much
easier the composite
HATCHDOTS pattern be-
low would make your
job. It can also perform
size, linearity, pincushion
and centering checks. It’s
only one of several
unique patterns produced
. by the ATC-10 that can
save you time, trouble
and most important -
money. We’d love to
show you how. Write us.

JDSIO

-
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the-counter repairs with authority.

tech’s guide

tv & radio

to pricing

P.O. Box 5234

Satellite Edition...
the same system described
above, only reduced to
shirnt-pocket size for
outside service...

$16.95 ea. post pd.
Quantity prices available.

Professional

6 X 9 hard cover,
steel ring-bound
edition....

$19.95 ea. post pd.

/ N |
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Plus, Computerized
Pocket-Size Parts
Catalog.
Customized to
your desired
parts profit.
Lists over 3500
most-used parts,
continually up-dated.
Can easily recover
initial investment in
less than 30 days...
$75.00 plus $10.00
per catalog.

Lincoln, NE 68505

sperry tech

V‘l
-

T 1 I I I |
inc.

copies, Hardbound. ___copies, Satellite
__copies, Parts Catalog. O More information
—_Amount enclosed, check or money order.
(NE res. add sales tax)

STATE ___ZIP -

For More Details Circle (5) on Reply Card
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Electronic Servicing

Editorial, advertising and circulation cofres-
pondence 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

ADVERTISING SALES

Overland Park, Kansas 66212
(a suburb of Kansas City, Missouri}
Tele: (913) 888-4664

MIKE KREITER, Director
GLORIA PARMENTER, Production

REGIONAL ADVERTISING SALES OFFICES

Indianapotis, Indiana 46280
ROY HENRY
2469 E. 98th St.
Tele: (317) 846-7026

Greenlawn, New York 11740
CHUCK HORNER
P.0. Box 175
Tele: (516) 757-7863

Mountain View, California 94043
DENNIS TRIOLA
2680 Bayshore Frontage Road, Room 102
Tele: (415) 961-0378

London W.C. 2, England
JOHN ASHCRAFT & CO.
12 Bear Street
Leicester Square
Tele: 930-0525

Badhoevedorp, Hotland
John Ashcraft & Co.,
John J. Lucassen, Mgr.
Sloterweg 303
Tele: 2968-6226

Tokyo, Japan
INTERNATIONAL MEDIA
REPRESENTATIVES LTD.

1, Shiba-Kotohiracho, Minatoku

Tele: 502-0656

seABp L)

Member, American Business Press
Member, Audit Bureau of Circulations

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.

ALE N

00"

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.

Ill INTERTEC PUBLISHING CORP.

Subsidiary of HOWARD W. SAMS & CO., INC.

Robert E. Hertel, Publisher
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TV sets.

Jerrold’s new all-channel Univer-
sal TV Remote Control, Model
TRC-82, provides instant push-
button selection of a/l TV channels,
UHF as well as VHF. Your cus-
tomers will love the ease with
which UHF channels pop in.
Tuning is electronic with direct
access to the desired channel.
There are no motors and no move-
ment, eliminating wear and tear
on the TV tuner.

December, 1976

The TRC-82 can be attached to
the back of any Color or Black and
White TV set in minutes. It turns
the set on and off and fine tunes, in
addition to changing channels.
The TRC-82 also amplifies incom-
ing signals and eliminates direct
pick-up ghosts for better picture
quality.

Once you demonstrate this new
electronic, all-channel TV Remote

Control, your customers won't
want to be without it!

It's packaged in a sturdy, colorful
self-selling carton.

JERROLD ELECTRONICS

GENERAL INSTRUMENT CORPORATION
JERROLD ELECTRONICS CORPORATION * 200 Witmer Road ° Horsham, Pennsylvania 19044 + (215) 674-4800
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BIECIMONIGSGANNER

news cf the industry

Harold S. Geneen, chairman and chief executive of International Telephone and
Telegraph Corporation, and Richard Rodgers, noted composer, were presented
recently with the 1976 Communications Awards of the 1CD Rehabilitation and
Research Center. These quotations are taken from Mr. Geneen’s acceptance
remarks: *...we stand on the threshold of three very mew technological develop-
ments...these are LSI (large-scale integrated circuits)...fiber optics, and PCM
(pulse-code modulations)...For those of you who own a pocket electronic calculator,
there is a small Jogic chip in it, which is its heart and brains...If the equivalent of
this chip were made 15 years ago, it would have weighed a full ton, and would
have cost over a million dollars. That chip now sells for about $5...Let me point
out that the human brain is a marvel of computer application...It has a memory
capacity of about one billion bits of information...it weighs about three pounds
and operates on one watt of power...it is one of the few complex objects readily
reproducible by comparatively unskilled labor...if we had attempted to make an
equivalent of the human brain in the tube technology of only 20 years ago, it
probably would have required a computer the size of a block-square building 20
stories high, an electrical generating station to power it, and the East River to cool
it. One human brain! But by 1985...we will be able to equal this human brain at
both a reasonable cost and of a size not much different from the actual brain
itself. But information of itself is of little value unless it is communicated to
people...two bundles of optical fibers, each fiber the size of a violin string, would
have the capacity to carry all of the telephone calls originated by the entire
population of New York City!...And along with it is PCM, which also opens up the
application of mass, cheap transportation of information over all presently-
existing channels...we are on the threshold of a tremendous ability both to create
brain power economically and to transmit the resultant information in the
cheapest possible fashion, and for the first time mankind will have at his beck and
call something beyond even the talents of the fabled genie of the Arabian Nights.”

New features of the 1977 Zenith TV line include an automatic picture-control
system, which adjusts five circuits. A light sensor regulates the picture brightness
according to the room light level. The EFL gun in the picture tube has four
electron lens elements (rather than the conventional two), and it’s said this
produces a beam size as much as 60% smaller. Some receivers have the Touch-
Command channel-selection system in conjunction with the Electronic Video
Guard tuning system.

Fred Wellner, general manager of General Electric’s TV Department, predicts an
increase in color-television sales to 8.5 million in 1976. Although GE is expected to
have a successful year, Japanese competition is growing, and could push an
important, unnamed U.S. television manufacturer out of the market, according to
Retailing Home Fuirnishings. The U.S. television manufacturers have not been able
to raise prices even though production costs (which comprise 50% of total costs)
have increased greatly. Consequently, the industry has attempted to increase the
per-unit selling price by emphasizing consoles. The 25-inch-screen size now
accounts for S0% of the dollar totals.

(Continued on page 6)

ELECTRONIC SERVICING
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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
customers a high-quality tube with a
warranty like 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.

SYLVANIA

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

December, 1976 5
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Blecironicscanner

news of the industry

(Continued from page 4)

Central Tuner Service has become PTS Electronics’ newest service center. Roland
Nobis, president of PTS, announced that Les Bertolini will remain general
manager ot the new PTS branch in Berkeley, Illinois. There now are 42 PTS
Electronics service center branches in the United States and Canada.

Sony Corporation is being sued by Universal City Studios and Walt Disney Pro-
ductions for copyright infringement because of the Betamax video cassette
recorder. The Betamax can record a program on one television channel while a
different program is being viewed, or it can record while the owner is away from
home. The plaintiffs claim their TV contracts will become endangered if
consumers build a film library and have no further desire to watch TV. Sony
counters that the Betamax is a *‘time-shift” machine which should enlarge the TV
audience, and thus not harm the entertainment industry. Harvey L. Schein,
president of the American subsidiary of Sony Corporation has stated, ‘““We do rot
believe that the copyright law was intended to prevent members of the public from
deciding how and when they see the television programs which are beamed into
their homes. With Betamax, the consumer gets the opportunity to see programs
that otherwise would be missed. We are confident that Sony will be successful in
defeating this lawsuit.”” In comments about the suit, Electronic News reminded us
that Congress in 1972 passed an amendment to the copyright law which exempted
home audio recording.

The home microwave-oven industry is expecting 1976 to be its biggest record-
breaking year, with a forecasted increase in sales of 60% over 1975S.

Double-sideband AM marine radiotelephones, cf the kind recreational and pro-
tessional mariners have used for the past SO years, will become illegal after
January 1, 1977. Replacing the old radiotelephones are two superior radio systems.
The VHF/FM radiotelephone, ftor short range communications, provides static-
tree service. Because they travel in straight lines the frequencies are limited to
line-of-sight, which minimizes interference from distant stations and does not
require a ground plate on the boat. The boat-owner can add a single-sideband
(SSB) raciotelephone for long range communications. Conversations over hundreds
of miles at sea are possible using a modest amount of power. SSB systems operate
over the medium-and-high-frequency marine bands.

ITT Space Communications has introduced a satellite communications earth
station for cable television systems. Complete with all key features, the new
receive-only stations offer both the small-apecture (4.5 meter) system and the
standard 10/11-meter system. Besides tull systems provisioning, ITTSPC ofters
Earth Station TV Receivers for CATV operations. The TVR 3700 series receiver is
available in several versions, including the model 2016 which uses a single-
conversion down-converter.

Switcheraft, Inc. will become a subsidiary of the Raytheon Company in early 1977.
The company will retain its present personnel and facilities in Chicago and
Paxton, Illinois. Switchcraft manufactures more than 6000 different electro-
mechanical components.

ELECTRONIC SERVICING
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TUNER SERVICE CORPORATION

JUST

e A UHF Tuner with 70 channels which are

detented and indicated just like VHF channels.

e A VHF Hi Gain Solid State Tuner.
e AC Powered e 90 Day Warranty

Demonstrate the B/ Ly paliixgd to
your customers and show improved
reception with their TV sets.

You may place your order through
any of the Centers listed below.

NEWS FLASH!

NOW AVAILABLE—TUNER SERVICE
PARTS CATALOG OF ALL SARKES
TARZIAN VHF AND UHF TUNERS, IN-
CLUDING EXPLODED VIEW DRAWINGS.
OVER 200 PAGES. ORDER YOUR COPY
TODAY. SEND $2.50 WITH ORDER TO
BLOOMINGTON HEAD OFFICE.

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

VHF OR UHF ANY TYPE ... . .. (U.S.A ONLY) $ 9.95
UHF/VHF COMBINATION .. ... .. (U.S.A. ONLY) $15.00

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 $12.95 (U.S.A. only)
¢ This price buys you a complete new tuner built spe-
cifically by Sarkes Tarzian Inc. for this purpose.
¢ All. shafts have a maximum length of 10%2"" which
can be cut to 112",
* Specify heater type parallel and series 450 mA.
or 600 mA.

* Customized tuners are available at a cost of only
$15.95. With trade-in $13.95. (U.S.A. only)

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

HEADQUARTERS ... .. BLOOMINGTON, INDIANA 47401 .. .. .. .. .. 537 South Walnut Street .. ... .. Tel. 812-334-0411
ALABAMA .. ... ... .. BIRMINGHAM, ALABAMA 35212 ... . .. .. .. 5623 1st Avenue North. ... ... . . .. Tel. 205-592-9150
ARIZONA ... ... ... p NA 85713° . .. . ... . ... .. 1528 S. 6th Ave. ... ... ... . ... .. Tel. 602-791-9243
CALIFORNIA . g Rﬁgu oop,Lc 91601. . ... ... 10654 Magnolia Boulevard . ... ... ... Tel. 213-769-27- 0
AN CALIF. 94402 - —— soo.s,.-A.q;u ttBivd. Tel. i#15-348-3282
TD CALIF. 123 Phoenix A Tel. 209-521-8051
FLORIDA 47 . .. . . ... » A 136 l 1505 Cypress 216&- A 813-253:0324
LORIDA 33315 ... 104 S.W. 23rd St., 1. 305-524-0814
GEORGIAL ... ... . . A . 646 Ev‘ans stisw.. & .( . £ ~Tel. 404-758-2232
ILLINOIS S A, ILLINOIS 6180 908 E. Main Street . | { ... .. /.. Tel=217-384-2052
2 [ 1" A ...1507-08-E-142nd St L ... [ " Tel. 312-841-4444
; oy : ,..W’mﬁ:sc Brown -1 .9 Jg_lr_s 75-0230
INDIANA. ... ... .. . ¢ —— | 112 West St. Clajr Street, . | ... .. (wTer. 32-3493
KENTUCKY ... | ™\ 2244 Taylorsville] Roall e, 52-1191
LOUISIANA . ... ... .. SHEEVEPORT, LOUISIANA 71104 ... .. .. L—ms— .. Guthern AV @7 ™ . JSTel 221-3027
MARYLAND .. .. . ... .. BALTIMORE, MARYLAND 21215 ... ... .. |. 5505 Reisterstown > _Toi= 58-1186
MASSACHUSETTS ... .. . RINGFIELD, MASS..01108 | ... .. ... .| . 405 Dickinson St. =4~ .. Tel. 413-788-8206
MISSOUR! . . _MISSOURI 63132 | . 7 Page Avenue —=T -429-0633
NEVADA.. ... .. .. .. .. LAS VEGAS, NEVADA 89102 .. .. . . .| .. 1412 Western Avenu .,"(\ Tel JP02-384-4235
NEW JERSEY . .. . TRENTONINEW JERSEY 086 ..1139 Pennsyivania Ave. | ...\ ... 609-393-0999
3T NEW JERSEY 8730 547-49-Tonnale Avg., H . 201-792-3730
NEW YORK ... ... . ©= ER, YORK! 14615 ..37 Pullman Avg. . . 716-647-9180
N. CAROLINA . ... ... . .. - . ..2914 EMark Slrz_t_ . 919-273-6276
OHIO. . . ... . . . .. .. 10 45216 . .~ .. ..7450 Vine Street .. .. i, . Tel. 513-821-5080
1044109 ... ... . \_. .. 4525 Pearl Ro#®htne =) . ... 216-741-2314
OREGON .. ... ... .. .. GON 97210 ... .. .. ".\f\nz N.W,.25th Ave., P.0. Box 10141 03-222-9059
PENNSYLVANIA ... ... . VPA.15209 . ... ... 515 GrapUAvenue .. ... ... ... .. . . 2-821-4004
TENNESSEE ... .. ... MEMPHI3, TENNESSEE 38111 ... .. . .. .. 3158 Bayron Avenue .. ... . ... ... .. 1-458-2355
TEXAS . ... ... DALLAS, TEXAS 75218 .. . ... ... .. ... .. 115 rand Road . ... . .. ... .Tel 214-327-8413
VIRGINIA .. ... . .. NORFOLK, VIRGINIA 23513 .. ... ... . . 3295 Santos Street ... Tel. 804-855-2518
CANADA . ... .. . ... . .. ST. LAURENT, QUEBEC H4N-2L7 .. 305 Decarie Boulevard = . .. Tel. 514-748-8803
WATCH US CALGARY, ALBERTA T2H-1Y3 ... ... . P.O. Box 5823, Stn. “A™  Tel. 403-243-0971
GROW

IF YOU WANT TO BRANCH OUT INTO THE TV TUNER REPAIR BUSINESS,
WRITE TO THE BLOOMINGTON HEADQUARTERS ABOUT A FRANCHISE.
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Chassis—RCA CTC74
PHOTOFACT—1588-1
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P1-9 MCLOOL
I F MODULE
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Chassis—RCA CTC51
PHOTOFACT—1201-1

Symptom—Small raster
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Symptoms and cures
compiled from field reports
of recurring troubles

FLYBACK
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18V

LEAKY
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Cure—Check or replace dual electrolytic C107A

- — . ———— —————————————————— " -

Symptom—AGC overload, no locking
Cure—Check R419, and replace it if open
:— ————————————————————————————————————————
! Chassis—RCA CTC51
PHOTOFACT—1201-1
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: Symptom—Intermittent vertical sync
: Cure—If 18-volt supply is low, replace zener CR203
|
1
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Chassis—RCA CTC74
PHOTOFACT—1588-1
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Symptom—Upper-left corner of raster is dark
Cure—Replace the MCLOO1A module

Chassis—RCA CTC72
PHOTOFACT—1439-2

+44.4V
SOURCE

Symptom—No vertical sweep

OPEN

Cure—If 28.8-volt supply is low, check and replace

R112

Chassis—RCA CTC39
PHOTOFACT—1126-3

BRIGHTNESS

820 KQ

No

LEAKING
12HG7

_+

TO GRID OF

BRIGHTNESS

LIMITER
TO DELAY

500 KQ LINE

Symptom—Brightness is too bright, but adjusts

Cure—Check C43, and replace it if leaking
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mealersexchanoe

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
Servijcing.

Needed: Schematic or information for an AM-FM-
SW radio with stereo rurntable. Telefunken is on the
turntable while Delmonico und Korting is on the
front cubinet. The tubes used are ECG85. FCHSI,
EBF89, two ECL86 and EZ81; no Model number.

Carol A. Jones, Jr.

22 Highland Drive

Fort Walton Beach. Florida 32548

Needed: Rubber-tired drive wheel for AEG (Tele-
funken) Megnetaphon 97 reel-to-reel tape recorder. or
address of Telefunken company in the United States
where I may purchase this part.

Kenneth R. Herberger

5433 Vancouver St.

El Paso, Texas 79924

Needed: Seprember 1969 issue of Electronic Servicing
magazine. Will buy.

Stanley Anderson

615 S. 4th St.

Clinton, Indiana 47842

Needed: Supply recl und clutch assembly for Concord
Model 550 reel-to-reel recorder manufuctured by
Benjamin Electronics Sound.

K&W Electronics

P.O. Box 692

S. 215 Washington

Newport, Washington 99156

Needed: Alignment instructions for a Knight-Kit CB,
Model C-22. Will buy, or copy and return.

Stanley G. Boler

116 S. Washington

Knightstown, Indiana 46148

Needed: An operating manual for Dumont scope,
Model 401. Will buy, or copy and return.

Edward Schertzer

2815 Weeks Ave.

Oceanside, New York 11572

Trade: B&K Model 650 tube and transistor tester,
Heathkit laboratory oscilloscope Model 10-30, Super-
ior Instruments Model 83 CRT tester and re-
Juvendator. Sencore Substitutor Model RC121. Trade
for electronic home study courses, or transistor/FET
tester.

Chester W. Barrett

R.F.D. 3, Box 199

Wapakoneta, Qhio 45895

(Continued on page 11)
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IN
D

' WARMER SPRAY FOR
MORE CLEANING POWER

TUN-0-WASH has forgbeen theindus-
try standard in tuner Gegreasers. Now,
it's better and more 2conomical than
ever.

No, we haven’ttampered with the fam-
ouz TUN-O-WASH formala. That's too
goad to change. What we have changed.
is the propellant. We now use carbon
diexide (C02) as a prosdllant. This per-
mits us o fill the can with 97% active

- ingredients, compared with only 65% ac-
tive ingredients before ®is development.-
The.can is the same size, but you get
mere cleaning power br your money.

There are other. adwastages to using
CC as a propeliant. “13ST, the spray
comes out 10°warmer Everyone knows
that heat,increases solvent action. SEC-
0MD, the particles of selvent come out in

lamyer drops, making far a wetter spray.
And, finally, CO, enabies us to maintain a
‘uraform 70 pound pressure until the can
is completely empty.

This is another firet from the elec-
uo,._,umnu;tg}*" trenics industry's leading chemical man-

T tomam oo

ON: R
',m‘ CONTRNT UNBER S0

o
e (C2 CHEMTRONICS
INCORPORATED
45 HOFFMAN &VE_ . HAUPPAUGE,,'NN Y. 737 » (516} 582-3322

ufacturer.,

GO DANAMETER

(The New VOM For Today’s Needs.)

* 0.25% Accuracy

Full Overload Protection
Really Drop-Proof

Full One Year Battery Life

DANA.

Dana Laboratories, Inc.

2401 Campus Dr, Irvine, Ca 92715, (714) 833-1234
For More Details Circle (9) on Reply Card

www americanradiohicstory com
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{roubleshootinet s

Send in your heiptul tips—we pay'

No raster; red 6LQ6
Magnavox T974
(Photofact 1305-1)

Occasionally, the raster would
black out. When it did, the 6LQ6
plate would glow a dull red and the
grid DC voltage became low.

The high voltage was eliminated
during those times. However, it
would come back if I removed the
socket of the picture tube. Evi-
dently, the picture tube was draw-
ing too much current, thus killing
the HV.

GREEN DRIVE
$0000

4 =

SLUE DRIVE
90000

-

RED DRIVE
%0000

Resistance tests of the circuits
connecting to the picture tube
found an open in peaking coil,
L602. When it opened, the positive
voltages were removed from the
three CRT cathodes (but the grids
still had positive voltages). The
grids were more positive than the
cathodes, and the resulting ex-
cessive CRT current loaded down
the HV, killing it.

I have found similar defective
coils in other brands, such as RCA,
which gave the same symptoms.

Thomas Bush
Tallahassee, Florida

No raster; faint sound

Philco 4YC90 (Photofact 1407-2)
Over the past several months, 1

have made numerous service calls

to check two of these sets. Each

case required resetting of the
breaker to bring back normal
operation. However, the receiver
would malfunction again within a
day to three weeks. I had replaced
the breakers in both sets, in case
they were too sensitive, but the
problems continued.

Finally, I checked one of the sets
when the breaker would not hold;
instead, it would trip instantly.
“Now, I will find the source of the
problem,” I thought to myself, as I
brought the TV to the shop.
Another of those famous ‘‘last
words™’!

Tests for the short were compli-
cated by the system of interlocks
which opens the power circuit when
some of the modules are removed.
Finally, a component-by-component
check of the horizontal and high
voltage accomplished nothing. But
a dead short seemed proven by the
fast tripping of the breaker.

Eventually, I remembered the
series of articles in ELECTRONIC
SERVICING about the RCA XL-
100, which has an SCR-sweep
circuit with many similarities to this
Philco. 1 reread the part of the
April, 1976 issue which stated:
“When L-108 has shorted turns,
the breaker will trip instantly.” 1
can’t truthfully say 1 understood
the implications, but I'm a believer.

In the Philco is a transformer
marked T3W, which corresponds to
L108 in the RCA. The three wind-
ings are rated at .1, .93, and .3
ohms DC, and my good test equip-
ment is just not up to finding
shorted turns in such low-resistance
coils. After much thought, I de-
cided to replace T3W on suspicion.

While removing T3W, I found a
tiny crack in the circuit board
where pin 6 of T3W solders to the
deflection board. I didn’t under-
stand how this could cause the
breaker to trip, but 1 was des-
perate, and so I repaired the crack.
Yes, you guessed it. The set has
been operating perfectly since then.

What's more, [ visited my other

www americanradiohistory com

problem Philco the next day and
soldered the same #6 pin of T3W.
Neither set has tripped a breaker
after that day.

This proves that theory and prac-
tice should be used together, and
the technical magazines can provide
a valuable service by reporting ex-
periences such as these.

Donald Kemner

Fortuna, California
Editor’s Note: An open at pin 6 of
the commutating coil T3W prevents
the AC signal from reaching C10W
and CI1W. Without ClIW, the
signal cannot go on to the trace
side of the circuit, thus killing the
sweep. However, that does not
produce an overload or short;
instead, a lack of ringing between
T3W and the sum of CIOW and
C11W indirectly produces a short
across the power supply.

Normally, the SCR Q101 is
triggered on by the oscillator signal,
and then the anode current con-
tinues to flow so long as the anode
is positive. During correct opera-
tion, the current through T3W and
the SCR to ground is not excessive
because ot the current-delaying
action of T3W’s inductance. Ring-
ing of T3IW with C10W/CI11W
swings the anode of SCR Q101
negative, and it unlatches before
the current becomes excessive
through T3W.

But with CIOW/Cl1IW discon-
nected by the open circuit, the
anode of Q101 continues to be
positive (only about a volt is suf-
ficient), the SCR does not unlatch,
and the inductance allows the
current to increase until only the
series DC resistances of T3W and
the SCR are between the supply
voltage and ground. This probably
would draw dozens of amperes, but
the breaker trips, rapidly.

Of course, shorted turns in the
commutating inductance (T3W in
the Philco, L108 in RCA) also
prevent proper ringing and cause a
permanent heavy flow of SCR
current as previously described. [

Write and tell us
what kind of articles
you would like to see
in Electronic Servicing

ELECTRONIC SERVICING



(Continued from page 9)

Needed: Arn audio-output/modulation  transformer
(part  number K39035-1) for a Hammarlund
HQIO05TR.

John Rebhan

112 Summit Circle

Little Ferry, New Jersey 07643

Needed: One 6N6G radio tube.
David L. Bennett
1703 Rhonda Lane
Stone Mountain. Georgia 30087

Needed: [nstruction and service manuals for Akar
M-8 tupe recorder. Will buy. or copy and return.
Richard §. Meyer
CommTronics
134 Jims Run
McMechen, West Virginia 26040

Needed: Schematic and power transformer for Cariole
stereo, Code 19228.

Charles Fogt

Home Mart

9th Street NW

Wuaukon, lowa 52172

Needed: Utica T&C 1ll, Regency Range Guin, and
Imperial radios in any conditjon.

J. M. Balidoy

LB 415

Coshocton, Ohio 43812

Needed: Schematic for Philips auto radio type
ND593V, #W001909A-36W. Will buy, or copy and
return.

James W. Peterson

Petes Lock & Fixit Shop

P.O. Box 802

San Angelo, Texas 76901

Needed: A sweep generator and a digitul or FET
multimeter, good working condition, reasonable.

S. Valer

428 W. Roosevelt Boulevard

Philadelphia, Pennsylvania 19125

Needed: UHF channel-selector shaft-extension and
knob for a Motorola TV, Model 19BPI10IAA.

AAA TV of Wrentham

4 B Common Street

Wrentham, Massachusetts 02093

For Sale or Trade: Rider's radio and TV manuals;
antique tubes such as 00A, 01A, all 7-volt tvpes, FM
1000. 657. 6W7, 70A7, 70L7, 117L7, and 25B8. Also,
need Rider's radio manuals #1, #1-through-5
abridged, #17, and #23.

Goodwin Radio Shop

Rankin, Illinois 60960

December, 1976

Needed: Schematic, parts list, and other service infor-
mation for an Atwater Kent radio, Model #509. Will
buy. or copy and return.

Raymond Friend

236 W. Pearl St.

Butler, Pennsylvania 16001

For Sale: B&K Model 520 transistor tester, like new
with manufacturer's manual, $95.

H. Geller

12622 N.E. 3rd St.

Bellevue, Washington 98005

Needed: Schematics or manuals for RCA WP23A
regulated power supply, and Annuncionics Pucesetter
electronic-cruise control. Also, have for sale Heathkit
scopes; Models 10-18 and 10-103 with manuals, best
offer.

Ronald W. Gillen

253 N. Ridge St., Box 383

Hustisford, Wisconsin 53034

Needed: Complete Zenith Stratosphere radio, or
major components. Also, an owner's manual and tube
charts for a Supreme Model 400A tester.

Nate Alexander

2563 North Farwell Avenue, #12

Milwaukee, Wisconsin 53211

NLS’ Silver Jubilee Year O
SC-5 FM-7

MOCEL 8CS

1071 PAERCALER
QUTRUT
INPUT o L
-y L
-

With Rechargeable

Batteries & Charger Unit. $1 2

With Rechargeable 1 95
Batteries & Charger Unit
Features Include:

® By using the new NLS SC-5 Prescaler, the range of the FM-7
Frequency Meter, whichis 10 Hzto 60 MHz, may be extended to 512
MHz (the upper VHF & UIIF frequency bands), ® The FM-7utilizes
an LED readout, providing 7-digit resolution. ® The FM-7can be
calibrated to an accuracy of 0.00001%. e The SC-5 is accurate to
one partper million. ® Each unit has 30 millivolts sensitivity, is
battery powered and has a chargerunitincluded. e Dimensions of
each are 1.9" Hx 2.7" Wx 3.9" D. e The units maybe obtained
separately or as a ""Frequency Duo."

See your local distributor!
Distributor inquiries invited.

Non-Linear Systems, Inc.

Originator of the digital voltmeter.

Box N, Del Mar, California 92014 Telephone (714) 755-1134

For More Details on FM-7 Circle (10) on Reply Card
For More Details on SC-5 Circle (11) on Reply Card 1"
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Favorite Repairs
Using A Scope

Here is another group of Ron’s favorite repairs.

This time, all of the TV receivers were ones which could y

be tested most efficiently with a scope as the
main item of test equipment.

HOR1Z
@ PHASE DET 10 FROM T0 GRID
v —w—e (V)4 HORIZ ~=—] [ TOSED o
- S -0047 ’ outpPuT
SYNC n
@ 470KQ
50pf

J
£ . il 3
1:.001

10KQ

PULSES

NEGATIVE PULSES

Fig. 1 In the horizontal phase detector circuit of the Zenith 12CB12X B&W
chassis, a PNP transistor is used instead of the usual double-diode. Of course,
a PNP is the same as two diodes with a common cathode, except for the
additional transistor action. Looking at it that way, this circuit is similar to the
double-diode type, except for the positive-going 12-VPP pulses applied through
R96 to the emitter. Sync pulses are fed to the base and sawteeth to the
collector; both signals must have the correct amplitude and waveshape for
good locking. Rectification of these signals produces a DC voltage which is
filtered and applied to the horizontal oscillator to hold the oscillator with the
correct phase relative to the sync. In this case, too much collector signal was
just as harmful as too little would have been.

Fig. 2 Top trace shows the excessive
200-VPP collector waveform of Q14;
and at the bottom is the correct 50-
VPP signal after the defective resistor
was replaced.

Fig. 3 R104 of Figure 1 showed no
signs of damage or overheating, but
the 47K had gone down to about 6K.

www americanradiohistorv com

By Ron Meyer, CET

Case #1

Loose Horizontal Locking
Zenith 12CB12X Chassis
(Photofact 1252-3)

Symptoms

When the horizontal-hold control
was adjusted. it could be turned
only a small amount before the
locking was lost. Even with the hold
control set carefully, changing to
another channel usually would
throw it out of lock. Picture quality
was normal. and the vertical lock-
ing was okay. Preliminary conclu-
sion: defect might be in the
horizontal AFC circuit.

Background facts

Regardless of the model of TV,
all locking of horizontal oscillators
is done indirectly by an Automatic-
Frequency-Control (AFC) circuit.
All AFC systems require two input
stignals. One is the horizontal sync,
obtained through a differentiating
capacitor from the sync separator;
the other is a sample (usually inte-
grated into a sawtooth waveform) of
the horizontal-sweep circuit. The
frequency and phase of these two
signals are compared in a phase-
sensitive circuit, and any difference
of phase between them produces a
DC voltage, which is used to force
the oscillator back into the correct
frequency and phase.

Theretfore, the fastest method
(and the one least likely to lead you
wrong) is to view the AFC circuit as
a ‘‘black box”. In other words,
make sure the two input signals are
there in the proper amplitude and
waveshape, and that the DC output
(control) voltage has the approxi-
mate range. Then, it the test results
indicate a defect in the AFC circuit,

ELECTRONIC SERVICING



you can test the components one-
by-one.

Troubleshooting

The Photofact schematic (Figure
1) reveals an unusual phase de-
tector. Instead of the usual double
diode, a transistor is used, with the
negative-going sync pulses applied
to thc base, sawtceth fed to the
collector, and (surprise) positive-
going horizontal-sweep pulses
brought to the emitter. Now, 1
don’t know why the pulses are
needed at the emitter. Perhaps they
are used to balance some capaci-
tance feedthrough inside the tran-
sistor. At any rate, the 10K resistor
will not permit very much pulse
amplitude to reach the emitter.

The sync pulses were at the base,
and the sweep pulses were at the
flyback side of R96, but the ex-
pected 45-VPP sawtooth waveform
at the collector was all wrong. The
amplitude was about 200-VPP, and
resembled pulses more than saw-
teeth (see Figure 2).

R104 and C82 are supposed to
change the pulses into sawteeth, so
it seemed likely one of them was
the culprit. Either a capacitance of
a smaller value, or a lower re-
sistance would produce the twin
excessive amplitude and insufficient
filtering symptoms. However, it's
far more likely for a resistor to
become low in value from overload
and heat than it is for a capacitor
to develop a partial capacitance.
Besides, it's easier to test a resistor.

I checked the resistor in-circuit
and found a few thousand ohms,
rather than 47K. Of course, leakage
of the transistor might give a false
reading, so 1 cut one lead of the
resistor. Now, it checked about 6K
ohms. 1 was certain that this value
would account for the wrong col-
lector waveform. But, a nagging
doubt remained. After the wave-
form was corrected, would the lock-
ing be normal?

My worry was not justified,
because a new resistor restored the
proper tight horizontal locking.

Afterwards, 1 examined the de-
fective resistor, and could find
nothing wrong visually. It had no
bulges, and the coding stripes were
not discolored (Figure 3). However,
the resistor was required to operate
with about 200 VPP across it;
therefore, 1 used a one-watt size to
make certain the replacement
would not fail.

December, 1976

WAVEFORM
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Fig. 4 This is a partial schematic of the vertical-sweep circuit of the Zenith
14236 color chassis which had no height. Points for three important waveforms
are indicated by arrows. Don't connect to the plate unless you are sure your
scope will stand the high-amplitude pulses, or the pulses are known to be
weak.

Fig. 5 Waveform at the grid of the
vertical-output tube (V6) was small
and flattened (bottom trace), while the
plate waveform (top) was badly dis-
torted.

the

6 These waveforms show
the vertical
yoke when the yoke winding is open.

Fig.
change of waveform at

Top waveform is the normal one; the
sawtooth portion lines are thick be-
cause of the horizontal pulses there.
An open yoke winding (bottom wave-
form) increases the horizontal pulses
(fatter lines), increases the amplitude
of the sawteeth and decreases the
amplitude of the pulses, which are
formed by the collapsing yoke in-
ductance.
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Case #2

No Vertical Sweep
Zenith 14236 Chassis
(Photofact 1197-2)

Symptoms

A slight undulation could be seen
ncar the left edge of the horizontal
line. All the tubes had heater glow,
and no components seemed to be
operating too warm.

Background facts

Multivibrators of this type (Fig-
ure 4) are a closed loop. Both
sections of the circuit are necessary
for oscillation. Therefore, a loss of
signal anywhere inside the loop kills
all the sweep. This limits the value
of waveforms, in some cases. On
the other hand, an open yoke still
permits the multivibrator to oscil-
late, but usually with wrong wave-
forms and frequency.

For those reasons, 1 usually try a
few quick waveforms. When the
scope finds significant signals, it
saves a large amount of time, and
makes the test worthwhile. Without
signals, 1 go on to other methods.

Troubleshooting

I chose the grid of the output
tube (V6) for the first waveform, It
had less than a half of the usual
amplitude, and the waveform (Fig-
ure 5) was wrong, as expected.

Next, 1 scoped the plate of the
vertical-output tube. Yes, I know
that is not recommended because of
the 1300-volt PP pulses which

13
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should be there. But it’s okay, when
vou are certain the pulses are weak
enough not to damage your scope.

In this case, the plate waveform
was only 300 VPP. Tubes can't
operate without DC voltages, so 1
decided to make certain these
plates did have voltage. Well, that
was a good guess, because the
output plate measured away low.
The supply resistor (RR138) had
increased greatly in value.

I installed a new resistor, fully
expecting to find vertical sweep.
But the raster was still condensed
into that onc horizontal line.

Back to the scope, I found about
1200 VPP at the output plate. The
waveform was wrong, too.

Now was the time to do some
thinking. Regardless of the in-
correct plate waveform, that much
signal should give some vertical de-
flection. Therctore, something was
preventing the signal from de-
tlecting the CRT beam.

Perhaps the secondary of the
vertical-output transformer was
open. That's not likely, when there
are two windings wired in the
vertical-centering circuit (Figure 4).
Two possibilities remained: the
centering control might be open; or
the yoke was open.

An ohmmeter test proved the
voke was open, and a new one
brought back the height. Usually,
that's the end of any repair. But it

started me thinking about why the
yoke wavetorm showed insufficient
pulses when the yoke was open.

Then | remembered some articles
previously printed in ELECTRONIC
SERVICING. The point had been
made that inductances in the plate
circuit produced most of the pulse
amplitude when their fields col-
lapsed during retrace. An open
yoke removed most of the induc-
tance, but the inductance ot the
output transformer remained.
Theretfore, the pulses were reduced,
but not enough to serve as absolute
proot ot an open yoke (Figure 6). 1
know now how to interpret the
waveforms, and this should save
much time in the future.

Case #3

Parasitic Oscillation
RCA Chassis CTC63XC
(Photofact 1276-3)

Fig. 7 At low brightness the RCA
CTCB3 chassis would develop a para-
sitic oscillation that appeared as a
jagged line down the center.

HOR1Z 0SC
@ A 6GH8A

Symptoms
When the picture went blank
between scenes, or when 1 turned

down the brightness, the horizontal
would go out of lock and have some

Fig. 8 The drive waveform at the grid
of the horizontal-output tube was
normal except the lines were broad,
indicating some low-frequency signal
was mixed with the sawteeth.

| 10 GRID OF
oal (7 ™ 36MC6

§ 220KQ

T0 PHASE
DET
Snke | '
1
! 2 120KQ
+25V ‘ abs
DECREASED  “resey

Fig. 9 This partial schematic of the RCA CTC63 shows the plate resistors of the
horizontal-oscillator tube. C19 makes sawteeth out of the pulses, so it is
important to the drive, too. R38 was the defective component.
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kind of a collapse (or perhaps a
parasitic oscillation) near the center
of the picture (see Figure 7). Never
before had [ seen such a mal-
function.

Background facts

At this point, 1 had no idea what
kind of defect could cause this
symptom. But, over the years, I've
found out that a technictan should
make several guesses, and check
them out. Then, while working, he
should be alert for some clue
indicating a defect. Usually he will
tind one.

Troubleshooting

What was the signiticance of the
problem starting only at low bright-
ness? Could that indicate a HV
regulation problem?

The CTC63 has a varistor that
“rectifies”’ horizontal pulses, and
the negative voltage produced is
added to the negative voltage at the
grid of the horizontal-output tube
to regulate the high voltage. In-
creased negative grid voltage re-
duces the maximum plate current,
and with it the width and high
voltage.

As a quickie test ot the regula-
tion, 1 grounded the hot end of the
varistor. At low brightness, the
strange parasitic remained. That
test cleared the regulator of all
suspicion.

Next, 1 scoped the grid drive of
the output tube. The waveform
secmed to be normal at high
brightness; and at low brightness,
the amplitude did not change, but

ELECTRONIC SERVICING



the lines appeared thick (which
usually means hum, noise, or an
extra frequency has been added) as
shown in Figure 8. One other dis-
crepancy: the amplitude was 300
VPP, instead of the expected 250
VPP. Was this important? 1 de-
cided it was a clue, and started to
check the horizontal-oscillator cir-
cuit.

Now then, what can cause higher
amplitude of the sawtooth drive
waveform? It you have ever tried to
obtain increased drive, you know
the answer. The waveform-shaping
parts might be bad, or the oscilla-
tor plate voltage could be too high
(perhaps because of a low-value
plate resistor).

With this thought in mind, I
checked all the resistors in the
horizontal oscillator. All were with-
in tolerance, except R38 (Figure 9),
which measured less than 40K
ohms. Although I didn’t under-
stand what effect the low resistance

would cause, | installed a new re-
sistor. You guessed it. There was no
problem at any brightness level.

I thought about the puzzle for
some time. Finally, I decided the
horizontal ripple on the B-boost
supply was interfering with the os-
cillator signal (remember the hori-
zontal pulses from the flyback
occur at the center of retrace, and
the grid current of the output tube
starts at the center of trace).
Normally, R38 and C21 filter out
the ripple, keeping it from the
oscillator. But a low value of R38
would permit more ripple to reach
the oscillator.

Of course, there is another
explanation. The increased plate
voltage at the oscillator would force
it to work harder. Many oscillators
are susceptible to ‘‘double-trigger-
ing” or ‘squegging” when they
operate too strong. Which explana-
tion is right? Perhaps both play a
part!

Case #4
Loss Of Horizontal Locking
Zenith Chassis 19FC45
(Photofact 1466-3)
Symptoms

When the floating picture was
slowed by the hold control, it
seemed normal. Vertical locking
was normal, also.

Background facts

Almost never is the oscillator
stage at fault when there is no
horizontal locking. The trouble is in
front of that stage. Circuits of the
19FC45 are conventional, although

HORIZ OUTPUT

10 U2 OF

9-90 HOR1Z —PURPLE

MODULE OPEN
CONNECTION
POINT 17

Fig. 10 An open circuit at the fiyback
terminal of the Zenith 19FC45 elimin-
ated all horizontal locking.

December, 1976

they are on modules, but the
modular construction does allow us
to use variations of the usual
servicing methods. For example, if
you question the horizontal sync
(and a module is available), you just
substitute it for a test. The same
substitution procedure works fine
tor the oscillator module, as well.
Of course, there are exceptions!

Troubleshooting

Horizontal sync for the 19FC45
comes from the 9-87 video-
processor module. Substitution of a
new module made no improvement.

Next, a 9-90 horizontal module
was tried. Again, there was no
change. Some concentrated think-
ing was called for now. By the
changing of modules, the entire
sync section, the duo-diode phase-
detector circuit, and the sawtooth
shaper stage (that makes sawteeth
out of horizontal-sweep pulses) had
been replaced.

That didn’t leave very much ex-
cept the horizontal pulses from the
flyback. These pulses enter the
module at U2, a convenient test
point, and only a moment was
required with the scope to find the
pulses were missing. I disconnected
the purple wire at the flyback, and
checked both wire and flyback for

www americanradiohistory com
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shorts to ground. There were no
shorts. While the wire was removed,
I powered the chassis and checked
tor pulses at the transformer. The
pulses were there, but the ampli-
tude was only about 30 VPP. 1]
connected the purple wire, and the
pulses were missing again.

After some thought, 1 concluded
the problem must be an open in the

winding or the terminal. In that
case, the low impedance of the
circuit would reduce the pulses to
almost zero amplitude. But with
only a 10-megohm scope probe for
a load, the capacitance across the
open circuit could couple a nearly-
normal amplitude of pulses to the
scope.

My magnitying glass showed

unmelted insulation on the wire of
the winding that was wrapped
around the flyback terminal lug
(Figure 10). I gave the joint a good,
hot resoldering, and was rewarded
with a picture that locked solidly.
Of course, I felt a little sheepish,
since I must have overlooked the
open reading when I checked for a
short to ground.

Case #5

Picture Dark At The Top
RCA CTC30 Chassis
(Photofact 926-2)

Symptoms

White flashes across the screen
were described by the customer.
The tlashes now were gone, but the
top of the raster was darker than
the bottom (Figure 11).

Background facts

Shaded rasters can be produced
by open filters; however, usually
one side is dark and not the top.
Darkened areas from hum will
move constantly during color
broadcasts, and this one was not
moving. Perhaps the shading was
caused by a defect in the blanking
circuit.

Troubleshooting

If the shading had been pro-
duced by some kind of modulation
in the RF or IF circuits, the effect
should be missing when the tuner
was turned to a blank channel.
However, the raster also was shaded

Fig. 11 Both the raster and the picture
of the RCA CTC30 were darkened at
the top. The shading began gradually,
and was not changed by rolling the
vertical or removing the station signal.

when the RF signal input was
removed, proving RF/IF modula-
tion was not the cause.

Sweep that travels too fast makes
that part of the picture too dark. 1
tried the crosshatch pattern of my
color-bar generator. The vertical
linearity was good, so the beam-
speed defect was disproved.

Blanking, either the intended
effect gone wrong, or accidental
blanking from a component defect,
remained as the only possibility. It
was a job ideally suited for a scope.

To prevent the station video from
confusing the analysis, I tuned to a
blank channel. The waveform at
the grid of the video output tube
(V4B in Figure 12) had a sawtooth
component between the vertical
pulses from the blanking signal
from the plate of the vertical-output
tube. Because the slope was correct
tor darkening the top of the
picture, I was certain this was the
cause of the shading.

One last test verified my sus-
picion of the bad component. C49
is supposed to remove the sawtooth
from the vertical signal, leaving

only the pulses, which blank the
raster during retrace. The waveform
was the same on both sides of C49,
Yes, C49 was shorted. Of course,
the short placed a DC voltage
across thc resistars, so I checked
them with an ohmmeter. R78 had
been changed in resistance by the
overload; thcrefore. 1 replaced it
and C49 at the same time. The top
of the picture now showed the same
brightness as the bottom.

Comments

The only common characteristics
of these various repairs were that a
scope was the instrument chosen to
identify the location of each defect,
and it did so without wasted time
or too many false trails.

Of course, the use of special
probes can permit scope viewing of
many modulated carriers. And this
is a valid and valuable optional
method. But, it seems to me that a
scope is an absolute necessity for
troubleshooting sweep, video, and
audio circuits. These case histories
should have proved this firm belief
of mine. ]

2ND VIDEO AMP

B 6LF8
3

®

22KQ

)
g&{q{%?c L : _ T INCREASED
VERT OUTPUT

SHORTED

Fig. 12 C49 of the vertical-blanking circuit in the CTC30 is supposed to remove
the sawteeth and leave the vertical pulses. When it is shorted, the top of the

picture is shaded dark.
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Fig. 1 Two IF amplifiers and two AGC stages are inside the IC. Discrete transistors are used for the other stages of the
EP93X72 IF/audio module. Typical DC voltages are shown for weak and strong TV input signals.

ervicing
GE Modular ¢
olorTV

Part 5/By Gill Grieshaber, CET

Video-IF und video-amplifier circuits of the GE 19YC-2 chassis are analyzed here. When tubes were kings, a
B&W TV probably had one video tube, and a color TV included two or three video stages. But, solid state has
complicated video circuits. Pre-CRT matrixing adds one stage. Emitter followers are used anywhere a change
Sfrom high impedance to low is needed. Additional transistors are required for other circuit refinements: so the
new color receivers have as many as nine video stages, often with several direct coupled. You can't afford to
ignore the variety of defects that are possible from so many components. Read these explanations. then apply
them to other similar circuits.

Picture IF’'s
More and more, IF circuits in the
new modular TV’s are becoming
like ‘‘black boxes’’. Some have
nothing but IC’s, and others have
IC’s and transistors. The EP93X72
IF module of the General Electric

December, 1976

19YC-2 chassis has one IC and two
discrete transistors before the de-
tector (Figure 1).

The reference to a ‘‘black box”
tells us how we troubleshoot these
circuits: by checking input signals,
output signals, DC voltages, resis-

www americanradiohistorv com

tances, and input waveforms (such
as keying pulses).

Figure 2 identifies many of the
components we will be mentioning.
We believe that the most-valuable
information for testing the IF’s (in
addition to the Photofact folder) is
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the location of the terminal pins, IC
pins, and the marked test points.
For IF circuits, a complete set of
DC voltages, both when the station
signal is strong and when it is
missing, is of vital importance.
These voltages, taken from our test

TP112 IC110

receiver, are included with Figure 1.

The module is held in place by a
12-pin connector and guide slot at
the front, and one screw at the
rear. To remove the module, it is
necessary only to remove the screw,
unplug the IF cable coming from

www americanradiohicstorvy com

Fig. 2 Locations
of many test
points and com-
ponents on the
IF/audio module
# are shown by the
arrows.

the tuner, and pull straight back on
the module. When you insert the
module, line up the module with
the slot (or groove) at the top/front
corner, then line up the connector
pins at the bottom/front corner as
you move the module forward.

ELECTRONIC SERVICING



Both IC’s (one for IF and one for
sound) plug into sockets (very tight
sockets), but the transistors are
soldered to the board.

General IF Troubleshooting

Suppose you suspect the IF
module is dead, and is causing a

IF IN—> <~ R
#1_" -:1.
|
-
’vi
re
-
-
-~
-
#12 — r:

et \

Fig. 3 With the IF/audio module in
the chassis, the connector pins are
numbered as shown; and the three-
prong IF input plug is just above the
connector. Pin 3 should have + 22
volts, the tuner AGC voltage is at pin
2. and the video comes out at pin 4.

Fig. 4 The testpoints are metal posts,;
they are weli-marked and convenient
for you to measure voltages and
signals.

Fig. 5 Negative-going video should be
found at TP170 and TP103. Notice the
strong burst amplitude.

December, 1976

loss of video and chroma (raster is
okay). Good practical troubleshoot-
ing demands that we try the easy
things first, so this sequence of tests
is recommended:

e Turn to a blank channel. Look
for snow. If there is none, we can
almost rule out an AGC problem.
But, with good snow off channel
and a blank raster on strong
stations, the indications point to an
AGC ftailure;

o Check for 422 volts at terminal 3
of the 12-pin socket (Figure 3).
Other secondary B+ points are
TP142 and TP111 (see Figure 4).
Loss of B+ at any of these will kill
all sigral;

e Use a tuner substitute to test for
the possibility of a bad tuner;

e At this point, we must consider
whether or not there is sound. The
sound takeoff is from the collector
of the fourth (last) IF, so normal
sound probably means the video-
detector diode (Y170) or the video
emitter follower is at fault;

e On the other hand, no sound and
no snow either on or off channel
points to trouble before the fourth
IF stage;

e Strong sound and a normal video
waveform at both TP170 and TP
103 suggests a video failure on the
chroma/video module.

AGC analysis
The gain of transistors and IC’s
can be reduced by AGC DC

voltages that either increase or
decrease from the voltage giving
maximum gain. No analysis of
AGC problems can be efficient
without knowing which kind of
AGC gain reduction is used for the
IF's and for the tuner.

A caretul analysis of the detector
and AGC voltages proved that the
AGC reduced the IF gain by
saturation (more forward bias with
a stronger signal), and the tuner
AGC was of the cutoff type (less
positive with a stronger signal). And
the polarity of the detector diode
(Y170} produced a negative-going
video signal (sync tips at the bottom
of the waveform, as shown in
Figure 5). Of course, the video
emitter follower (Q179) receives
forward bias from the detector
circuit, so the video-detector signal
rides on a fixed positive voltage.

Therefore, according to theory,
the DC voltage at the video test
point (TP170) should become less

www americanradiohistory com

positive, the IF AGC should test
more positive, and the RF AGC
should measure less positive, when
the channel signal becomes strong-
er. Well, the theory is correct. But
when it was applied to these actual
DC measurements, several prob-
lems were encountered.

First, it seemed that elimination
of the channel signal caused the
DC voltages to swing in the wrong
direction. This was traced to two
factors. I had been switching to an
unused channel, rather than taking
the extra time to remove the
antenna. Unfortunately, carriers of
other channels came through
strongly enough to upset the read-
ings, although no station could be
secn on the screen. Hint: remove
the antenna and turn to a blank
channel, when you want zero signal.

Also, the heavy normal snow
produced some readings that were
nearly identical to those with the
usual signal amplitude.

Evidently, these AGC tests de-
manded better precision. Measure-
ments were made of the DC
voltages trom all local stations.
Then, to obtain repeatable stronger
and weaker signals, 1 connected an
American Technology Model ATC-
10 television servicer. It has a
calibrated attenuator that can re-
duce the signal right down into the
SNow.

After several pages of measure-
ments were made and studied, 1
was forced to come to the dis-
couraging conclusion that my fa-
vorite method of unalyzing AGC
problems from the RF, IF, and
detector DC voltages was of limited
value with this particular model of
TV.

The worst problem was that the
IF AGC and the detector voltages
changed very little when the signal
strength was changed. For example,
an IF AGC voltage of +6.50 from a
weak signal might increase to
+6.55 for a stronger signal. That's
not enough change to be signifi-
cant. Although a digital meter can
provide that kind of measurement
accuracy, the next individual re-
ceiver might require a different
voltage. In other words, we cannot
say the DC voltage must be +6.55
volts with a strong signal.

Theretore, I recommend this
procedure for checking the AGC
action on the GE YC-2 chassis:

e Mcasure the DC voltages at the

21



+22V
\L P17

<3

22

2

2700 Q

+22V

1500 Q

%um |
(&)

*

15K0 zooool

15T 2ND
vao AMP VIDEOAMP DIFF TIW
=4 00 @%) ame DlFF AMP
e creov Cl +6v
35 g 7.3V 7 +1.3V
7 3900 AT I 8
' 100 uF
ad : 2@ | TN
ol 8200 © 91002
H w1y = =
"
"
[N}
(]
()
T -
" .3RDVIDEO 1
LA 7ROV AMP PEX
[ K]
] TP310 CONTROL
" — 43KQ
(K]
i &
>
R3B) $4.7KQ .
10> R +22v
SYNCE B 910Q L !
Sepial F
i P35
" CHROMA -VIDEO =
0" MODULE EP93X108 390 pF T0 CHROMA IC
(K] 200 Q@ = I
() =
1 ----------------------------------------------------------------.--------------------------
bbbt oo g oo e pupuppr g =g

Fig. 7 In addition to six stages of video on the EP93X108
chroma/video module, there are several transistors for
simultaneous control of color, brightness, and contrast,
and one transistor for verticcl and horizontal blanking.
Transistors Q300 and Q315 are used to match the delay
line and trap out the 3.58-MHz signals (L320). They are
direct coupled, but input capacitor C302 and output
capacitor C326 prevent them from having any effect on
the brightness. Q325, Q330, and Q335 form the next
direct-coupled group. Q325 has a huge loss of gain,
because it drives the emitters of Q320 and Q330. Q320

pins of IC110 to see if they are

pulse source at module pin 6 has

stabilizes the DC voitage of those emitters. The bias of
Q330 is varied by Q355 (the picture-control amplifier) to
change the gain and with it the contrast (see Figure 12).

Although the DC voltage fed to Q335 changes along
with the contrast, the brightness is not affected since
C348 biocks the DC component before it reaches the base
of Q345. Brightness is determined by the voltage at the
base of Q345, and four sources act to change this
voltage. First, the external brightness control varies the
DC positive voltage at P14, which goes through R359,
L352, Y345/R352, and R347 to the base of Q345. Next,

defect, or remove the problem, if

sufficient for normal operation;
e Make certain the negative-going
AGC keying pulses are at pin 5,

and have at least 12-volts PP of

amplitude (Figure 6). The 100-VPP

Fig. 6 Keying pulses for the AGC
enter the module at pin 6 (100 VPP).

They are reduced in amplitude to

about 12 VPP at pin 5 of 1C110.

the same waveform;

e It video can be seen, but the
picture is not quite right, tune in a
strong channel and rotate the IF
AGC control for the maximum
contrast that can be obtained
without compression of the sync
tips (as scoped at TP103);

e Tune in a channel of medium
signal strength and adjust the RF
AGC control barely past the point
that minimizes the snow; recheck
the previous step; and

e If the raster is blank on channel,
but has strong snow on an unused
channel, a loss of AGC is indicated.
That symptom, combined with any
out-of-tolerance DC voltages at
IC110, is reason enough to replace
IC110.

These tests should find the

wWwWw americanradiohistorv com

the cause was a wrong adjustment.
It not, the 1F/sound module prob-
ably should be replaced, because
the shields make troubleshooting
more difficult than with the other
modules.

Tracing The Video Signal

Before we dive into the details,
we should notice that nine stages of
video are used altogether, including
the outputs which handle both
video and chroma.

One emitter follower is on the
IF/sound module, six stages are on
the chroma/video module (see Fig-
ure 7), and later we’'ll find two final
stages on the board that forms the
CRT socket. This totals 13 transis-
tors, plus four more for contrast,
brightness limiting, and blanking.

ELECTRONIC SERVICING
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the picture control adjusts contrast (bias of Q355 and
Q330), brightness (bias of Q385 and Q345), and chroma
level (bias of Q355 and chroma IC). Third, the picture-tube
current is monitored at pin 12 of the module. Negative
voltage from there goes to the emitter of Q365, and then
through a complex path (including Q360) to the basz of
Q385, so that CRT beam current above a certain i{imit
darkens the raster. Fourth, Y345 (at the base of Q345)

DC coupling

Direct coupling is the rule, rather
than the exception, with solid-state
video circuits. The GE YC-2 chassis
has several direct-coupled stages.
But nine stages all direct coupled
are a bit much. So, we find four
sets of direct-coupled stages, separ-
ated in three places by coupling
capacitors.

Now, with the coupling capaci-
tors breaking the DC chain, the
advantages of automatic black level
are lost. To bring back the effect of
direct coupling, the YC-2 has a
diode (Y345) which rectifies the
video to give DC restoration,

Dividing the signals
Following the input coupling
capacitor (C302) on the EP93X108

December, 1976

PICTURE 2.5KQ 1500 _l

functions as a DC restorer. It rectifies the video, making a
negative DC voltage (shunt rectification with C348) which
decreases the bias of Q345 to increase the brightness of
the picture. in addition to all of those operations, R374
can be adjusted so the brightness control produces an
adequate range of brightness.

The video signal leaves the module at pin 6 of the 6-pin
connector, going on to the CRT-base circuit board.

The chroma/video mod-
ule is below the hori-
zontal module and be-
hind the power-input
bracket. However, the
power bracket can be
unscrewed and moved
aside to make a fair
amount of room for
tests. In tight spots,
the insulated-hook type
of test prod is recom-
mended; the module
can be removed for
connections, then
pushed back in place
for live tests. Arrows
point to the 6-pin and
the two 9-pin connec-
tors. Part of the CRT-
base board can be seen
at the lower/right cor-
ner.

2
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(A) (B)
Fig. 8 These video waveforms show the different frequency response of the
transistor stages. (A) Top waveform is the 1 VPP base signal of Q300. Notice
the normal, strong burst amplitude. Below is the 5 VPP collector signal, with
the overpeaking and doubled amplitude of the burst showing the increased
high-frequency response from C301 in the emitter circuit. (B) The 1 VPP
waveform at the top is found at the base of Q310, the sync amplifier. At the
collector is the 2 VPP signal (bottom trace). Gain is low because of the small-
value collector resistors. Both waveforms show reduced high frequencies,

because of the high-pass filter, R306 and C303.

Fig. 10 Top trace is the video
waveform at the base of Q315, while
the collector waveform is shown by
the trace below. Burst and other high-
frequency components are attenuated
at the collector because of the
3.58-MHz trap in the emitter circuit,
which reduces the gain at the trap
frequencies.

Fig. 12 The effects on the contrast by

adjusting the “picture” control are
shown by the top trace (minimum
contrast) and the bottom trace (maxi-
mum contrast). The scope was con-
nected to the base of Q335.

Fig. 11 The top waveform is made up
of hum and horizontal pulses scoped
at the collector of Q325 (also emitters

of Q320 and Q330). But Q330 must
have had a small amplitude of the
correct signa!, because the collector

(bottom trace) had normal video.

Fig. 13 The top trace shows the 2.5
VPP signal at the emitter of Q345
before blanking is added. With blank-
ing added, the waveform at the
junction of R351 and R380 (or RL6
connector) shows wide horizontal
pulses which increase the amplitude
to 6 VPP.

www americanradiohistory com

Fig. 9 By using the dual-trace and X5
functions of a triggered scope, we can
see the amount of time lag from the

delay line. Of course, the chroma
must be taken off before the delay
line, but a second reason is the
reduction of burst (bottom trace) at
the output of the line.

chroma/video module, the signals
for the video amplifiers, chroma,
and sync separator are divided,
each going its own way.

R210 feeds the composite video
signal (including the burst and
chroma) to a broadly-tuned takeott-
coil circuit (L210, C211, and C210).
All of the video except the chroma
and burst is removed by the takeoff
coil, and the remaining chroma
goes on to [C210, the chroma IC.
The remainder of the chroma
circuit will not be analyzed until
after the video.

Q300, the first video amplifier,
inverts and amplifies the video
signal, feeding it from the collector
to the delay line (L310) and on to
the base of Q315. R304 and R314
load the two ends of the delay line
to prevent retlections that would
appear similar to ghosts. R305 and
L30S help the loading and peaking
of the delay line.

Video for the sync separator is
inverted and amplified by Q310. I
say ‘‘amplitied”, but that's almost
an exaggeration. There is a gain of
only 2, because the collector re-
sistors (R311 and R312) have very
low values.

Notice that the frequency re-
sponses of Q300 and Q310 are not
flat. C301 and R301, in the emitter
circuit of Q300, provide some high-
frequency increase at the collector.
And R306 with C203 reduce the
high frequencies that are applied to
the base of Q310.

The differences of frequency re-

ELECTRONIC SERVICING
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“There's A Guy From Texas
Out There That Needs His
Power Cord Repaired!”
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Servicing GE Modules

(continued from page 24)

sponse are very plain in the
waveforms of Figure 8, especially in
the amplitude of the burst.

Delay line

Any delay line should slow down
the arrival of the video signal, so
when it is matrixed with the
chroma, the two blend exactly.
Figure 9 shows that the output
signal of the delay line is displaced
slightly to the right ot the input
signal. The X5 scope feature was
used to spread the waveform. Burst
and other high-frequency parts of
the signal are attenuated, as is
customary with delay lines.

Non-amplifying amplifiers

The next transistor, Q315, inverts
the video signal (see Figure 10), but
gives a slight loss of gain. That's
because of the small 390-ohm
collector load resistor. Q315 has a
PNP polarity.

A coupling capacitor feeds the
video to the base of Q325. High-
frequency boost for the signal at
the collector is furnished by the

MORE OFTEN

“sharpness” control in the emitter
circuit. R336 gradually connects
C336 from the emitter to ground.

My first scope pattern of the
collector signal from Q325 con-
vinced me the signal was very weak
and consisted of horizontal pulses
mixed with hum. Finally, I realized
the extra test lead at the collector
was picking up signals by stray
capacitance.

Perhaps I should explain why I
use several test leads having the
insulated-hook probes, while check-
ing waveforms and voltages on a
module. The space around most
modules is very crowded, and it’s
difficult to find room for the large
scope probes. Also, by connecting
three or more extra probes, the
scope and meter can be tied exter-
nally to any of them without pulling
the module each time. Without
chese shortcuts, wasted time would
have limited the number of mea-
surements that could be made in a
reasonable length of time.

I repeated the waveform test by
clipping the scope probe direct to

www americanradiohistory com
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High voltage probe extends measuring capabilities to
| L 50 KV.
El PROTECTED INSIDE AND OUT so you can be
sure that your meter is working and not in the repair
shop. Drop it from 10 feet, apply 1000 volts over-
load and even apply volts on ohms accidentally and
W Sencore digitals keep right on working.

the emitter of Q330, which is driven
by the collector of Q325. Amplitude
of the unwanted horizontal pulses
was reduced, but more hum and
pulses remained than 1 could
account for, as shown in Figure 11.

Probably the reason for the
peculiar waveform is that the scope
looks at the signal relative to
ground, but the transistor Q330
operates from the base-to-emitter
voltage. The drive signal enters
from the emitter, but the base is
supplied by the +22-volt supply,
and thus will have all of the ripple
components. In any event, the video
signal at the collector of Q330 is
normal (Figure 11).

Differential stages

Now, when we try to guess why
the circuit designer included tran-
sistor Q320, we have a problem at
tirst. Q320 doesn’t seem to do
anything! The video signal from
Q325 is fed to the emitter, and the
base is bypassed to ground (leaving
no signal but ripple). This should
produce an amplified (but not
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m BATTERY SAVING FEATURES WHEN INS-
TRUMENT IS NOT IN USE so you can be sure
that your meter will be ready the next time you
need it. Push the button on the probe on the
DVM35 and DVM36 and only then do you start drawing cur-
rent from your battery. An automatic patented circuit does the
same job for you automatically when you apply voltage to the
DVM32. The DVM38 is AC operated.

N <& El 10 DAY FREE TRIAL to be sure that Sencore
“’ Q“ digitals are all that we say they are. Simply march
‘<

DYM32 $198
3% digit LED display,
5% DCV accuracy,
battery or AC operated
with automatic battery saver
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DvM38 $348
3% digit LED display,
1% DCV accuracy,
AC operated, auto-ranging,
auto-zero, king size pushbuttons

0.BLSen [ 100% MADE RIGHT LIFETIME GUARANTEE
7 3& so you can be sure your meter was made right. [f
at any time you discover that a Sencore DVM was
not made right, Sencore will make it right, parts and
labor free of charge, for the lifetime of the product.

-
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Plus other "‘make sure’” features such as - direct reading with no
paralax error - no effect from magnetic fields such as motors &
RF fields - lab accuracy with high resolution - auto-polarity
auto-zeroing and auto-ranging on the DVM38 . . . . and you can
see why you can be sure more times, in more circuits, than with
any other multimeter on the market today — and for less money

QV' QSV‘ into your Sencore distributor and ask for a free trial

see that our distributor contacts you.

phase inverted signal at the col-
lector). Yet the collector signal is
not used. The 150-ohm collector
resistor is the only component
connected to the collector.

On the GE schematic, Q320 and
Q330 are called ‘‘video differential
amplifiers”. However, this is not a
true differential stage. Instead,
Q320 stabilizes the common emitter
voltage, improving the performance
when the bias of Q330 is changed
to vary the contrast.

In the schematic of Figure 7, the
“picture” control and the bright-
ness-limit circuit (including Q365,
Q360, and Q385) combine to vary
the base voltage of Q330 (part of
this voltage also goes to the emitter
of Q335 to offset part of the change
of base voltage). Base-to-emitter
forward bias of Q330 changes from
+0.60 volts at low transistor gain
(low contrast) to +0.65 volts for
high gain (see Figure 12), producing
high contrast.

Q320 stabilizes the common
emitter voltage in the same way
that an emitter follower would: if
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or pay cash with a promise of a 10 day money back
guarantee, if not 100% satisfied. Or, write Sencore, and we will

For More Details Circle (14) on Reply Card

the forward bias of Q330 is in-
creased, the C/E current increases
also, raising the common emitter
voltage. However, this higher emit-
ter voltage is a decrease of forward
bias for Q320 (it acts the same as a
decrease of base voltage), so Q320
draws less C/E current, bringing
the common emitter voltage down
to approximately where it was at
the beginning.

Two benefits result from the
fixed emitter voltage. 1t makes the
change of Q330 base voltage more
effective, and the circuit voltages
and gain are stabilized against
changes of the ambient tempera-
ture, because the two transistors
vary together.

It's an advantage here for the
contrast to be controiled by a DC
voltage, for we’ll tind out later that
the same circuit also changes the
chroma gain for better tracking
(and compatibility with the VIR
system).

Remember that DC voltage
changes in these stages, up to and
including Q335, do not affect the
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than old fashioned analog meters.
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3200 SENCORE DRIVE
SIOUX FALLS, S.D. 57107

brightness, because coupling ca-
pacitor C348 at the output of Q335
blocks all of the DC. But that's
getting ahead of the story.

Collector signal of Q330, after
contrast control of the gain, goes
direct to the base of Q335. Of
course, this base voltage varies with
contrast changes. To compensate
for such variations of base voltage,
some of the DC voltage from Q355
(picture-control amplifier) that con-
trols the base voltage of Q320 also
goes to the emitter of Q33S. It is
filtered by C338 to prevent feed-
back.

Brightness

C348 couples video from the
emitter of Q335 to the base of
0345, while blocking the DC
voltage. Three important things
happen in the Q345 stage. All the
stages from Q345 to the picture
tube are direct coupled; therefore,
the bias of Q345 is varied as a
method of changing the brightness.
Blanking and DC restoration also
take place here. We'll discuss them
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Fig. 14 Only the red-output channel of the EP93X66 CRT-base module is shown completely in this schematic. Of course,
Q404 feeds video to all three similar color channels through the drive controls. Demodulated color goes to the three
bases for matrixing inside the transistors. The diodes are for arc suppression only.

scparately.

Positive voltages come trom the
brightness control (Pin 14 of the
module), and from the brightness-
range control (on the module).
These combined voltages are modi-
fied by the emitter voltage from
Q385, the “‘brightness-tracking

amplifier”, them the sum of those
voltages is changed again by the
DC restoration action of Y345 (to
be described later). Finally, this
much-changed DC voltage arrives
at the base of Q345 where it
travels down the remaining video
stages to the cathodes of the picture

Fig. 15 The CRT-base module acts as the base socket and also as a circuit
board with transistors and components mounted on the front side.

—

tube and determines the brightness.
DC restoration

Diode Y345 rectifies the video at
the base of Q345. producing a
negative DC voltage which de-
creases the positive forward bias (of
course, increased video level causes
a higher rectitied DC voltage). This
negative-going voltage is passed on
to the cathodes of the CRT, making
them less positive and producing
increased brightness.

Therefore, increased video ampli-
tude at the base of Q345 also
produces increased brightness at
the picture tube. Such operation is
called “DC restoration”. One ad-
vantage is that low-contrast scenes
are reproduced with decreased
brightness, thus preventing the
black parts of the picture trom
looking gray.

It diode Y345 were to become
open, any increase of contrast by
rotation of the picture control
would not change the DC voltage at
the collector of the three color
output transistors. But, with normal
operation, an increase of contrast
decreases the output collector volt-
ages, causing an increase of bright-
ness.

Blanking

Samples of vertical and hori-
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zontal sweep are shaped and ap-
plied to the base of Q380, the
blanking amplifier. It acts as an
emitter follower, feeding horizontal
and vertical blanking pulses
through R380 to the video that
comes from Q345 through R351.
Wavetorms of video before and
alter blanking are shown in Figure
13.

The video with blanking exits
from the chroma/video module at
pin 6 of RL17, the little 6-pin plug
at the corner of the module, and it
is wired dircctly to the base of
Q404 (schematic is shown in Figure
14).

CRT Base Board

Four transistors, and other com-
ponents are on the board that also
serves as the picture-tube base
socket (Figure 15).

Chroma goes directly to the bases
of the red, blue, and green output
transistors. Video comes through
the video emitter follower, Q404, is
adjusted for amplitude by the three
drive controls, and then is applied
to the three emitters of the output
transistors.

The chroma and video, therefore,
are matrixed in the output tran-
sistors. This is called “pre-CRT
matrixing’’, because the matrixing
occurs before the picture tube (and
not inside it, as was commonly the
case in the past).

Figure 16 traces the video wave-
forms through Q404 and the output
transistors to the picture tube.
While Figure 17 gives the wave-
forms at Q402, the red output,
when a color bar pattern is used.

Although, the screen (G2) con-
trols arc on another module, these
voltages travel through the CRT-
base module (sce Figure 18).

Comments

Who would have guessed that
video circuits could be so compli-
cated? Just remember that a good
triggered scope and an accurate
high-impedance DC voltmeter (per-
haps digital) are your best items of
test equipment. Signal levels are
high enough (with the exception of
the emitters of Q320 and Q330) to
permit signal tracing with a scope
anywhere in the video. Learn the
correct waveforms so you’ll know
when they are wrong.

Next month we’ll study the
chroma section. O
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(A)

(8)

Fig. 16 These are typical video waveforms on the CRT-base module. (A) Top
trace is the 6-VPP videc/blanking signal at the base of Q404, and the 3.5-VPP
signal at the emitter is shown by the bottom trace. (B) With the color turned
down, the base of Q402 has a video signal, coming from the emitter (top trace).
The center trace shows the normal Q402 emitter waveform of only 0.4-VPP. The
100-VPP collector waveform is shown at the bottom.

Fig. 17 Top trace is the 7-VPP
color-bar signal at the base of Q402.
At the emitter (center trace), the
6.5-VPP color signal is developed
across the unbypassed drive circuit. It
subtracts from the base signal to give
the true color drive. A 135-VPP bar
signal drives the red cathode of the
picture tube (bottom trace). The bright
red bars are negative-going, since they
are applied to the cathode.

Fig. 18 A portion of the screen-grid (G2) wiring is on the CRT-base module, and
the voltages are easier to find there for tests.
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Those Mysterious -1
Single-Sidebands ' *¥. .

Perhaps it's because the signal disappears when the
modulation stops. Or, maybe the lack of reliable informa-
tion about sidebands has left a technical vacuum. At any
rate, single-sideband radios are not well-understood by
many technicians. Here are some basic facts about
single-sideband CB transmitters.

Soon you'll be involved with Citi-
zen’s Band radios having 40 chan-
nels instead of 23. In most brands,
that means a change to the newest

kind of frequency control: the = CARRIER
phase-locked loop. More technology '
to learn. =

Yet, in meeting with many tech-
nicians around the country in
preparation for my 1977 Forest Belt
TRAINING WORKSHOPS (see de-
tails elsewhere in this article), I find =
techs who haven’t yet mastered the LOWER SIDEBAND UPPER SIDEBAND
technology of present-day CB trans-
ceivers. Quite a few understand
frequency synthesizers (one impor-
tant complexity of modern trans-
ceivers). But I found surprisingly
few who iruly felt comfortable with
single-sideband models.

And no wonder. A while back 1
thumbed through a book that
professed to ‘‘teach” CB radio.
That particular book was filled with Fig. 1 Spectrum analysis of an AM signal shows the relationships of carrier and
misinformation about single-  the sidebands.
sideband CB. I've read magazine
articles that failed to present the
subject in specific detail, or show
sufficient technical data, to let you LOWER
feel that you could deal with SIDEBAND
troubleshooting a ‘‘sidebander” CB '

POWER —~

27.130 MHz 27.140 MHz

27,134.7 kHz MHz 27,135.3 kHz
FREQUENCY —

unit. Maybe in this article I can LOWER — UPPER T .

enlighten you at least a bit. You T §  SIDEEGHD BIDERARD i =

really do need to know single- g .

sideband theory and practice. e S

You'll be seeing a lot more of it as » = ey

you continue servicing CB and 21.130 R 21140 21.130 715 27 140
FREQUENCY — FREQUENCY —

Editor's Note: Portions of this article were

adapted from the author's book 1-2-3-4 Servicing

Transistor CB and Two-Way Radio, available from

your electronic distributor, or directly (stock  Fig. 2 When the carrier is removed, both sidebands can have increased power
E{%T/g% 2&965‘58%2“&%673)‘ "fr’gmlid‘i’::;;:}z: (shown by A). Even more power (B) can be used when only one sideband
\ndiana 46268. remains.
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personal-communications
ment.

equip-

Origin Of Sidebands

Single-sideband  signals come
from double-sidebands, so let’s look
at the spectrum graph of an AM
double-sideband signal in Figure 1.
The AM signal consists of: (1) a
carrier, of the frequency assigned to
the transmitter; (2) a lower side-
band, which is the diftference fre-
quency formed by heterodyning of

sideband, the sum frequency. No-
tice, too, that the carrier contains
most of the power.

However, only the sidebands
“carry’’ the voice signal. The RF
carrier is needed only to generate
sidebands. It can be eliminated
after that. Further, the two side-
bands are exact mirror images of
each other. Only one of them really
is necessary to convey the voice
intelligence.

Figure 2A graph shows what is

the RF carrier and the audio left after you eliminate the carrier.
modulation; and (3) an upper All of the transmitter-output power
7795.5 - 7198.8 -
7798.2 kHz 7801.5 kHz 7798.8 - 7801.5
CARRIER
LOWER UPPER UPPER ONLY
SIDEBAND SIDEBAND -
-
7.7985 MHz
7985 M :
oA e SIDEBAND T0 AMPS AND
MASTER| /. JBAUNCEDL J o pumrr [—f——» FREQUENCY
0S¢ MODULATOR b 1S I T

Fig. 3 This block diagram shows
inputs to the
balanced modulator, and that only
remains after the
signal travels through the sideband

==1C6
r—» T0
SIDEBAND

B | FILTER

.IE 10 pF 4

i

|
7.7985 |
MHz 300-3000 Hz |
seecu | 0 DU oool
AMPS the RF and audio
f one sideband
|
I;{) fitter.
R1$2200 fs-zow T
<
- 2 R3 *
FROM-’——H 7‘ K
CARRIER 001 $5
0sC
<b
R2 3220 Q
<
cz R4
FROM —————f———Ar——4
SPEECH 2 uF 1K
AMPS

C3 == 4700 pF

Fig. 4 One kind of ring-type SSB balanced modulator resembles a bridge,

except for different polarity of diodes.

Without voice modulation, the same

amplitude and phase of RF signal reaches the primary of T1, at points “A” and

og
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therefore phase cancellation eliminates the carrier.

www americanradiohicstory com

can be concentrated in the side-
bands. Each one is nearly three
times as powerful as before without
working the output stage any
harder. When one sideband is
eliminated (Figure 2B), the entire
transmitter output power goes to
the one remaining, and the trans-
mission becomes very efficient.

The only problem with the single-
sideband system seems to be with
the receiver, because a carrier is
necessary to recover the voice fre-
quencies. But there are methods of
doing this with a reinserted carrier.
These are the secrets of single-
sideband communications.

How A Single-Sideband
Transmitter Works

The diagram and graphs of
Figure 3 illustrate how a simple
single-sideband transmitter gener-
ates its signal. The example is
taken from an actual CB model. At
this time, don't worry about stages
and circuit details. Just follow the
general functions.

A master oscillator generates a
crystal-controlled, fixed-frequency
signal. This stage sometimes is
called the basic oscillator, some-
times first transmitter oscillator,
sometimes carrier oscillator. Its sole
job is to produce an RF signal that
can help generate sidebands. Later,
once the sidebands exist, the carrier
is eliminated.

Sidebands can be created in
several kinds of modulator stages.
The most popular is a balanced
modulator. It has the attractive ad-
vantage of eliminating the carrier at
the same time it creates the side-
bands.

One input signal of a balanced
modulator is RF from the carrier
oscillator. The other is the audio
voice signal. In Figure 3, the master
oscillator of the transmitter chosen
for an example generates a 7.7985-
MHz (7798.5-KHz) signal. Voice
frequencies for communications can
be considered to occupy the audio
spectrum between 300 and 3000 Hz
(0.3 to 3 KHz).

Output of the balanced modula-
tor is the double-sideband sup-
pressed-carrier (DSBSC) signal of
Figure 2A. Both upper and lower
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sidebands have been produced, and
the carrier canceled by the same
process. Next, a bandpass filter gets
rid of the unwanted sideband. The
filter in this example is centered at
7.8 MHz, and has a bandwidth of 3
KHz. In other words, it passes
7798.5 and
7801.5 KHz, including the upper
sideband, which occupies 7798.8 to
7801.5 KHz.

Therefore, the lower sideband
(7795.8 to 7798.2 KHz) is blocked,
and only the upper sideband re-

mains to feed the transmitter stages
that follow.

To pass the lower sideband, you
only need to change the frequency
of the master oscillator. Use your
calculator on the figures. Suppose
you switch-in a 7801.5 KHz crystal
for the master oscillator. The side-
bands from the balanced modulator
then are: upper sideband, 7801.8 to
7804.5 KHz (will not pass through
the filter); and the lower sideband,
7798.5 to 7801.2 KHz (will pass
through the filter). This time it is

www americanradiohistorv com

the lower sideband which remains
to drive the transmitter.

A tuned filter that could remove
the carrier, without attenuating the
sidebands, is not practical. 1t would
be excessively complex and pro-
hibitively expensive. So, the sim-
plest way of eliminating the carrier
is to use a stage which cancels it as
a byproduct of the modulating
process.

Figure 4 shows one kind of
balanced modulator that both
modulates and cancels. [t's called a

ELECTRONIC SERVICING



ring modulator, from the round-
and-round hookup of the diodes.
(Notice that the diodes do not have
the same polarity as those in a
power-supply bridge.)

The carrier is canceled by apply-
ing RF signals of identical ampli-
tude and phase to the two input
terminals (*A”” and “B”) of the T1
primary. To the transformer, this
appears to be a zero input signal.

In other words, the carrier is
phased-out.
The effect of a centertapped

primary winding is provided for Tl
by C4, C5, and the ground between
them, which gives a push-pull
action. Since C4 is adjustable, the
balance can be much better than if
a centertapped coil and single
tuning capacitor were used.

Two adjustments are provided to
allow maximum cancellation of the
carrier; they are C4 and the input
potentiometer, R3. During tuneup,
there should be no audio coming
from the speech amplifier stages.
Then T1 is adjusted for maximum
RF output, while R3 and C4 are
turned for minimum RF output.
These three adjustments affect each
other, so they should be done alter-
nately several times for best accu-
racy.

When audio voice signals are
applied to the ‘‘hot” corner of the
diode ring between D1 and D3, the
balance is upset. Let's take an
extreme case. Suppose the voice
audio has a large amplitude and is
positive-going. Diodes D1 and D2
are forward biased, with DI
making a loss path for the RF
through to C3, which acts as an RF
ground. Also, D2 conducts, ground-
ing the RF. Both diodes conduct,
virtually shorting all the RF of the
“A” side to ground. However, D3
and D4 are nonconducting because
of the reverse bias, so the ‘‘B” side
of the circuit has full RF am-
plitude.

A zero RF amplitude at ““A”" and
a strong amplitude at “B” repre-
sents a large input signal for TI,
which is sent by the impedance-
matching secondary to the sideband
filter.

During the negative peak of the
voice waveform, D3 and D4 short
out the RF, while D1 and D2 are
open. Thus, ‘““B” has zero RF, and
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“A” has strong RF, providing a
large signal to the sideband filter.
Of course, the phase of the RF
signal is reversed relative to the
previous condition of a strong
output. The phase has no effect on
the circuit operation; it's just
mentioned to keep the record
straight.

Three conditions have been de-
scribed. But in practice, the audio
rarely has enough voltage to reduce
the diode resistance that much.
Instead, the resistances vary
smoothly according to the voice
voltages. The cancellation of the
carrier is upset, but not completely.
During those times a partial phase
cancellation takes place, and the
output RF voltage has some inter-
mediate amplitude between maxi-
mum and zero.

When no voice audio is present,
the diodes do conduct, because they
return to ground. Positive peaks of
the carrier through C1 cause con-
duction of D2 and D3, while DI
and D4 have current during nega-
tive peaks. These conductions are
of no consequence, for the DC
voltages created have opposite po-
larity and cancel. Also, the RF
voltage has such low amplitude that
the diode current is negligible,
never acting as a short.

Balanced modulator—a summary

When the circuit is properly ad-
justed, and the audio level is
correct, the output waveform will
appear to be similar to a con-
ventional amplitude-modulated RF
signal. And, without any voice
signal, the RF output is zero. The
carrier either appears modulated or
it’s missing. We haven’t mentioned
sidebands, but they are the signal
we want.

Mixing of the audio and the RF
by the non-linear diodes during the
modulation process produces sum-
and-ditference frequencies. These
are the upper and lower sidebands.

Voice audio at the input of TI
does not cancel, but it cannot pass
through the tuned circuit consisting
of C4, C5, and TI1.

Reaching The
Channel Frequency
It’s easy to reach the final fre-
quency for AM or FM transmitters;
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just use a few stages of frequency
multiplication. That won't do for
single sidebands. The complex sig-
nals of one sideband would become
too wide (each doubling also
doubles the bandwidth) if multi-
plied. What’s worse, the relation-
ships that are important to recovery
of the voice signals in the receiver
would be lost.

For single-sideband transmitters,
another method is used. It's called
frequency translation. The stage
handling the frequency change is
called a frequency converter or fre-
quency translator. Figure S gives an
example of how this system works.

In the balanced modulator, the
7801.5-KHz RF carrier mixes with
the 0.3-to-3 KHz voice frequencies,
producing an upper sideband cover-
ing 7801.8-t0-7804.5 KHz, and a
lower sideband of 7798.5-to-7801.2
KHz. The filter that passes a band-
width of 3 KHz centered at 7.8
MHz rejects the upper sideband
and passes the [owet one. But that's
miles from any CB channel fre-
quency.

Suppose we select CB Channel
20. The conversion oscillator (or
frequency synthesizer) generates a
signal of 19.4035 MHz. In the
frequency-conversion mixer, the
lower sideband combines with this
signal, producing these four signals:
e the original 19.4035 MHz signal,
e the original lower sideband from
7798.5 KHz to 7801.2 KHz;

e the difference frequency, a side-
band group between 11.602 MHz
and 11.605 MHz; and

e the sum frequency, a sideband
extending from 27.202 MHz to
27,205 MHz.

The broadly-tuned output cir-
cuits center around 27 MHz.
They easily reject all of the con-
version products except the one
sideband of 27.202 MHz to 27.205
MHz. That’s the lower sideband of
CB Channel 20, and it is the one
transmitted.

Other channels

Change the CB dial to Channel
4, for example, and the oscillator
feeds a 19.2035-MHz signal into the
frequency converter. Of the four
output signals, the only one ac-
cepted by the tuning of the RF
output stage is the lower sideband
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Crystal Frequencies and Purposes

MASTER OSCILLATOR
Crystal Frequency Channels Covered
e o — — —
X1 11.705 MHz 1-4
X2 11.755 MHz 5-8
X3 11.805 MHz 9-12
X4 11.855 MHz 1316
X5 11.905 MHz 17-20
X6 11.955 MHz 21-23
UPPER-SIDEBAND/AM OSCILLATOR

Crystal Frequency Channels Covered
X7 7461.5 kHz 1, 5 9 13 17, 2
X8 74715 kHz 2, 6, 10, 14, 18, 22
X9 7481.5 kHz 3, 7,11, 15 19
X10 7501.5 kHz 4, 8, 12, 16, 20, 23

LOWER-SIDEBAND OSCILLATOR

Crystal Frequency Channels Covered
X1 7458.5 kHz 1,5 9 13, 17, 21
X12 7468.5 kHz 2, 6, 10, 14, 18, 22
X13 7478.5 kHz 3, 7,11, 15,19
X14 7498.5 kHz 4, 8, 12, 16, 20, 23

THE OTHER OSCILLATORS

Crystal Frequency Comments

X15 7798.5 kHz Carrier oscillator for upper
sidebands and a-m
X16 7801.5 kHz Carrier oscillator for lower
sidebands

X17 7343.5 kHz A-m receive oscillator
7.8-MHz BANDPASS FILTER passes 7798.5-7801.5 kHz bandwidth
A-M SELECTIVITY FILTER passes 452-458 kHz bandwidth

Table 1 These are typical crystal frequencies and their purposes.
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of Channel 4, which extends from
27.002 MHz to 27.005 MHz.

In the same way, other channels
and either sideband can be se-
lected.

Synthesizing SSB and
AM Signals

Either SSB or AM can be ob-
tained without much complication.
The large block diagram in Figure
6 shows the functional relationships
between the stages and major sec-
tions in one brand of CB trans-
mitter. It operates in either mode of
operation at the flip of a switch,
and either sideband can selected.

AM

Consider amplitude modulation
first. The signal is started by crystal
X15 at 7798.5 KHz in the USB/AM
carrier oscillator. The upper-lower-
AM (U/L/AM) switch connects that
signal directly to the bandpass
buffer, bypassing the balanced
modulator, filter, and the SSB com-
ponents.

This 7798.5 KHz signal is the
initial carrier for all CB channels
during transmitting. Then, the
channel selector determines the ap-
propriate synthesizer crystals for
the CB channel you wish to use.

Take Channel 5 as an example.
(See Table 1 for the crystal fre-
quencies.) The channel switch se-
lects crystal X2 in the master
oscillator and crystal X7 in the
USB/AM synthesis oscillator. These
heterodyne in the synthesis mixer to

make 19.2165 MHz. From the
mixer, that signal goes to the
frequency translator where it's

mixed with the 7798.5 KHz carrier.
The result is 27.015 MHz; Channel
$.

You can make similar calcula-
tions for any other channel, to
prove the system works.

A tuned power amplifier builds
up the output so that 4 watts of RF
power is sent to the antenna. The
modulator receives voice signals
through the U/L/AM switching
from the speech amplifier, and then
alternately increases and decreases
the RF output, in typical AM
tashion.

SSB
For single sideband, the U/L/

ELECTRONIC SERVICING



In-Person TRAINING WORKSHOPS

One answer to the shortage of
CB/communications technicians lies
in more training. Electronic schools
have not yet met the need. Some
manufacturers offer repair semi-
nars, but only for their own brands.

Soon now, you can attend a
Forest Belt TRAINING WORK-
SHOP that teaches high-speed ser-
vicing for all brands and models of
CB radio. Beginning in February
1977, Forest Belt—a leading writer
of CB and electronic training books
and a popular teacher/lecturer—
begins conducting five-day Training
Workshops in cities around the
country. Sometime during the year,
there will be a Workshop within
your traveling distance.

All Training Workshops planned
so far feature CB Radio Servicing.
Each workshop comprises two ses-
sions.

Three-day session “'A’’ brings you
comprehensive, understandable ex-
planations, illustrations, and dem-
onstrations of CB communica-
tions, of how AM and single-
sideband CB transmitters and re-
ceivers work, and of a logical
system for troubleshooting symp-
toms in any kind of transceiver.
You learn to read complex CB
schematics, for tracing defects.

AM switch is turned to the upper
or lower sideband position. One
carrier oscillator or the other feeds
the balanced modulator through a
bufter amplifier. The speech am-
plifier also sends voice signals to
the balanced modulator. Sidebands
from the modulator go to the 7.8-
MHz bandpass filter which blocks
one sideband.

After that, the selection of output
frequency goes the same as de-
scribed for AM. Except that a
linear RF power amplifier is sub-
stituted for the AM one. The linear
operation is necessary to prevent
upsetting the sidebands’ relation-
ships to each other.

RF power amplifiers for AM can
operate Class “C” and achieve
higher efficiency. The distortion
from the extreme nonlinearity is

December, 1976

On the third day you move into
Advanced CB Servicing. Here you
dig into the nitty-gritty of CB
troubleshooting. You see how pro-

fessionals pin down faults in an-

tenna installations, in frequency
synthesizers, 40-channel phase-
locked loop circuits, single-sideband
modulators and detectors, and the
like. You learn alignment, perfor-
mance measurements, transistor
and integrated circuit testing, and
how to use special CB instruments.
Through unique, copyrighted Forest
Belt training materials and training
methods, you'll absorb more than
you thought possible in so brief a
time.

As you know, any technician who
legally services CB transmitters,
must have the FCC Second Class
Radiotelephone Operator License.
Session “B” of each Forest Belt
Training Workshop in CB Radio
Servicing offers a Second Class
License option. Anyone completing
Session A’ needs only this addi-
tional training to be ready for the
FCC exam.

These final two days fumiliarize
you with FM transceivers such as
those used for marine, police, fire,
taxi, and other land-mobile com-

smoothed by the tuned circuits in
the output.

But a single-sideband signal must
be power amplified without any
nonlinearity. Any extraneous fre-
quencies developed from beats be-
tween the sidebands or added by a
stage are very undesirable.

Linear SSB Amplification

The most-linear operation of any
amplifier is Class “A”. Transistor
(or tube) bias is selected to place
the operation on the linear portion
of the base-voltage/collector-current
(or grid-voltage/plate-current) trans-
fer curve. Figure 7 is a graph of the
base-voltage/collector-current char-
acteristics of one power transistor,
spread slightly to allow an ex-
planation. A dot marks the spot on
the curve where the forward bias

www americanradiohistorv com

Start in 1977

munications. You learn vital FCC
law, and about HF, VHF, and
UHF antennas. You also take two
short exams and a longer Prepara-
tion Test—all similar to actual FCC
exams.

Each five-day Workshop closes
with an Awards Dinner on Friday
evening. You receive your Diploma,
and the results of your Second
Class License Preparation Test.
Several special awards go to at-
tendees who earn them.

Forest Belt, who will conduct the
majority of his 1977 Training
Workshops himself, says, ‘‘The
breadth and depth of these Work-
shops suits them to beginners in
communications as well as experi-
enced technicians. They fit anyone
in electronics who wants to build
competence quickly to service Citi-
zens Band and other personal
communications gear.’”’ He also
points out, ‘‘We're limiting the
number in each Workshop so
there's time for personal help and
guidance.”’

For more details, a schedule of
locations and dates, and enrollment
applications, write: Forest Belt
Training Workshops, P.O. Box
68120, Indianapolis, Indiana
46268. (o]l

establishes Class ‘A" operation.

So long as the RF drive to the
base is not too strong and swings
the bias beyond the straight (linear)
part of this operating characteristic
curve, the Class “A” amplifier
introduces no distortion.

But, the problem with Class ‘A”
is its poor efficiency. At best, effi-
ciency never can exceed 50%;
normally, about 35% is considered
to be good. Even with the advan-
tages of SSB, where all the power is
concentrated in one sideband, you’'ll
have trouble getting more than &
watts or so of peak-envelope power
(PEP) from the 5-watt DC input
that’s all the law allows for CB.
Real power amplification is needed;
not merely high voltage amplifica-
tion.

Class “B”

offers one answer,
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PROFIT
GENERATOR

Hickok introduces the
first low-cost RF generator
designed specifically for

40 channel CB service.

Model 256 $199.

Here's every signal you
need to service CBs with
easy precision tuning over
all 40 CB channels. Four
additional bands cover 100
kHz to 16 MHz to cover any
IF. A counter output gives
exact frequency monitoring
for precision control.
Calibrated RF attenuator
output provides stable
signals from under 1
microvolt to over 100,000
microvolts. An internal
modulator gives a 1 kHz,
0-100% tone, and there are
provisions for 20 Hz to 10
kHz external modulation. It's
all the RF Generator you
need, so why pay more? See
your Hickok distributor for
more information or contact
us directly.

Part of the
HICKOK

Comm[ ine

the full line of professional
CB service instruments.

HICKOK

the value innovator

INSTRUMENTATIDN & CONTROLS OIVISION
THE HICKDK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue « Cleveland, Ohio 44108
(216)541-8060 » TwWX:B810-421-8286
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Fig. 8 Sometimes two output transistors are operated in parallel to provide
sufficient power for overcoming the losses that are necessary in reducing the

distortion.

despite its distortion. With Class
“B”, the bias must barely cut off
the collector current when there’s
no signal. Usually that takes a
slight reverse bias. The transistor
has collector current only about
half the time, and from the S5-watts
of DC power allowed for the CB
final, a Class **B”’ stage can safely
develop up to 18 or 20 watts PEP.
There are ways to reduce the dis-
tortion, and some linear amplifiers
operate in Class ““B”’. However,
there’s a compromise. A Class
“AB” stage generates less distortion
than Class ""B”. The operating
point is between A and B on the
transistor curve, right at the knee.
Much of the transistor action is on
the linear portion of the curve, and
the power gain is only a bit less
than for Class “‘B”.

There are even two modes of
Class “AB’". Class “AB-1"" has less
drive and is more linear. Most RF
output stages in single-sideband CB
are run in Class “AB-1", as the
best compromise. Negative feed-
back often is used to minimize the
distortion, and two transistors
might be paralleled to raise the
maximum power.

SSB Transistor Power Stages

Typical SSB power-amplifier sec-
tions (Figure 8) amplify the side-
bands without noticeable distortion.
The first stage, operating in Class

www americanradiohistory com

“A’", provides voltage amplification
of the signal from the translator
(synthesizer mixer).

Power gain is contributed by the
Intermediate ~ Power  Amplifier
(IPA). Q2 runs in Class “AB-17,
with the exact bias point adjusted
by RS to accommodate the drive
level. L2 tunes the output of the
IPA. The bandwidth is fairly broad,
but tuning helps the efficiency and
reduces the harmonics.

Bias for the paralleled output
transistors (Q3 and Q4) is set by
R8. It can be readjusted for Class
“AB-2", if higher power is needed.
C8, €9, and LS provide most of the
tuning of the output RF signal,
aided by the pi harmonic filter,
before it reaches the antenna.

Comments

That about covers the SSB trans-
mitter stages and circuits you need
to know about in order to service
them. You should have acquired a
basic understanding of this CB
function.

But transmission is only half of
the job. Communications go in two

directions. For every transmitter,
there is a receiver. And SSB
receivers are somewhat different

from conventional ones. Later, we
will examine the functions of SSB
receivers, including sideband de-
modulation for recovering the voice
signals from CB transmissions. [

ELECTRONIC SERVICING



ELEGTRONIC

Part 7/By Norman H. Crowhurst and Carl Babcoke

This concluding article of the series gives answers to many questions about how to start an organ-repairing
business. In addition, some miscellaneous technical subjects are explored.

Would you like to become a pro-
fessional organ-repair technician,
either full-time or part-time? Or, if
you are interested in audio and
music, perhaps you are attracted to
the organ field as a fascinating
hobby? Either way, we'll try to give
you some pointers. The oppor-
tunities are there, if you are
qualified and plan wisely.

Certainly, the thousands (perhaps
millions) of organs now in use
indicate a potential huge demand
for capable technicians. Only a few
years ago, a city might have had

only three organ retail dealers
(Wurlitzer, Baldwin, and Ham-
mond). Most sales then were to

churches, with a few organs going
to private homes, supper clubs, and

baseball stadiums.

But now the trend has reversed.
A large majority of the organs sold
are for home use by amateur
musicians. It’s not unusual for an
organ owner to contact a dealer or
technician S0 or 100 miles away,
when service is needed. Yes, in
many areas, more organ technicians
are needed.

Our advice and tips will be in
two parts: first, the business as-
pects; and then electronic and
musical suggestions.

Starting A Business
Details such as obtaining a
building, getting utilities, and fi-
nancing will not be discussed here,

because they are not unique to
organ repairing. Some of you might
have that much of the business
operating already.

Apprenticeship

If you are a young man who has
finished a trade-school electronics
course and are ready to specialize
in some kind of repair work, one
practical and time-tested way is to
become an assistant of a technician
who is experienced and has a going
business:.

During your apprenticeship time,
you would be expected to attend all
local seminars sponsored by the
organ manufacturers, read books
and magazines about organs, and
learn as your ‘‘boss” instructs you

?"ﬂ‘k’ff‘;’;fq ;}"
s BED AN 3

The owner of this old-timer declares he never will trade it.

Of course, it has been partially modernized by the
addition of a percussion unit, a mechanical harp with
Wourlitzer variable-phasing vibrato, and external speakers
including an 18” woofer.

December, 1976

Some of the older Baldwin's returned each pedal to the
top with a flat spring. Unless they are adjusted
periodically, the spring aging might allow a note to speak
softly all the time. This can sound like hum. Adjustments
are easy to make using an open-end wrench.

www americanradiohistorvy com
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Organ notes add in amplitude. A
single clarinet note is shown by the
top trace. When that note and one an
octave higher were sounded together,
the amplitude was approximately
doubled (bottom trace). Common
chords of five notes plus one pedal
would increase it even more. Beats
between notes also create crests of
high ampititude. These are reasons
why organs require powerful ampli-
fiers and speakers.

during the daily work. The ad-
vantage is that you can learn the
business without any investment or
responsibility.

Then, after you become experi-
enced and capable of servicing solo,
you must decide whether to work
for the present employer, solicit
employment with a retail organ
dealer, or start your own repair
business.

Expand from TV

Many of you already have an
electronic-service business of some
kind, either TV, stereo, auto-sound,
or CB. From that start, it’s an easy
matter to ease into organ servicing
by advertising, contacting non-
servicing organ-sales dealers, and
passing around the word that
you’re ready and willing.

Probably you now have sufficient
tools and test equipment for the
new venture. Next, you need a stock
of organ components and some
service information.

Licensing

Many of the organ manufacturers
“license’” repair organizations. This
is a mutual agreement for you to
stock the required parts kits, ob-
serve the factory warranty, and
attend seminars; and for the manu-
facturer to sell you parts and
service information. A repair by an
unlicensed technician could give the
manufacturer a valid reason to void

the warranty on the organ.

Of course, licensing is not man-
datory for servicing organs, but it
can be a great help, especially for
parts and data. And it's not
necessary to be licensed for any
repairs on older models.

Components

The general run of replacement
parts usually are satisfactory for the
older tube-equipped organs. Most
of the tube types are still available,
although one convenience has been
stopped. The pre-amp stages of
many organs need tubes with low
noise and hum. Away back when,
the organ manufacturers and tube
manufacturers (for an extra price)
offered pre-tested tubes with low
hum and noise. These days, you
must buy too many and test them
yourself to find the few best ones,
then hope you can use the culls for
less critical replacements.

Newer organs have such a wide
range of LSI-type IC’s that they
can't satisfactorily be replaced from
oft-the-shelf stocks. Such cases
make the “licensing” worth the
trouble.

For many replacement uses, you
might say any diode is okay, just so
long as the voltage rating is high
enough. Not necessarily so with
organs. Is the reverse current low
enough to cut-off completely the
sound of one note? Or, if the
internal capacitance is too high, the
diode can act as a small coupling
capacitor, feeding through the har-
monics of that note. Few things in
music are as annoying as a note
playing softly and constantly.

(A)

Parts availability, or rather un-
availability, can affect the costs of
organ servicing even more than in
the TV or stereo business. That’s
because the service area is not the
immediate neighborhood, or even a
complete town or small city, but
often encompasses as much as
several counties. A second service
call, made necessary because of a
lack of parts, becomes quite expen-
sive, when a 300-mile round trip is
involved.

Mechanical Repairs

Because the organs have strictly
electronic circuits, a beginner might
believe all repairs will be the
replacement of shorted diodes and
open filter capacitors. Not so.
Organ work has more than its
share of mechanical complications.

Some of the obvious ones include
the motors for spinning the rotors
of mechanical tremulants, or (in the
case of older Hammonds) used to
rotate the tone generator.

Many expression pedals which
were stuck at full or minimum
volume have been repaired merely
by tightening a set screw where the
collar fits on the shaft of a rotary
control, or by straightening a bent
linkage.

Keying switches, under the notes,
often appear to be only pieces of
spring wire. Sometimes, they take a
“set” and require rebending so they
open and close at the proper point.
Is that an electrical or a mechanical
repair?

Older Baldwins with the long
pedalboards require periodic tight-
ening of the flat springs (one for

(B)

The amplitude of a pedal note is several times larger than that of a single
manual note. Top trace of (A) is Middle “C" of the clarinet stop, and below it is
the low “C” pedal note. The same scope gain was used. When played together,
the higher-frequency note “rides” on the pedal note (B), and the total is more

likely to overload the amplifier.
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each pedal) that return the pedal to
the up (off) position. When a spring
becomes weak, the note will not
shut off completely, and sometimes
the weak note sounds exactly like
hum. Other brands might break a
pull spring, so the note sounds
continually.

Problems Outside The Organ

Organs have been blamed for
many problems that were not due
to any organ defect, although some-
times the organ triggered it. I'm
referring to miscellaneous noises,
rattles, and buzzes which appear to
come from the organ, but in
actuality are sympathetic vibrations
(a kind of mechanical ringing) set
in motion by the speaker-cone
movements and air currents from
the speakers. Many times the
trouble is triggered only by a
certain note, usually one of the
pedal frequencies.

(A

~—

16’ tibia, played by middle “C”

(B) 4’ salicet, played by middle “C”

(C) 8 French horn, middle “C”

(D) 8’ diapason, middle “C”

(E) 8 tibia, middle “C”

(F) 8 salicional, middle “C"

(G) 8' trumpet, middle “C"

(H) 8 clarinet, middle “C”

() 8 oboe, middle “C"

Here are some waveforms from one model of organ.

December, 1976

For example, one experienced
technician solved a bad case of
“speaker rattle” by removing all of
the wire coat hangers from a hall
closct located near one of the
external-speaker cabinets! And it’s
common for knick-knacks on top of
a spinet organ to tinkle or rattle
during certain notes or chords.

Reverberation

The first organs of several cen-
turies ago were pipe organs which
invariably were installed in cathe-
drals of sizes and shapes that
automatically provided a huge
amount of reverberation. Therefore,
the traditional organ music was
written for and performed with this
reverberation. Listeners became ac-
customed to it. Perhaps that's why
organ music today seems smoother,
more alive, and better than without
reverberation (when it is described
as “dry”" and “dead”).

Such waveforms might
appear to be very different if viewed on another brand and model.
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Also, reverberation tends to mask
the clicks always present when con-
tinuously-operating sine waves are
keyed instantly. These clicks are
not a defect, but switch keying adds
a vertical line to the waveform at
the beginning or ending of each
note; to the ear, this sounds like a
“click”. More than one musician
has thought an older Hammond
(without reverberation) was mal-
functioning when these clicks were
noticed.

Anyway, some extra precautions
are necessary in servicing reverb
units. Most models have one or
more coils of spring material, which
slow down the movement of
mechanical vibrations along the
springs. And, because the spring is
not damped (terminated) at the far
end, the vibration bounces back
and forth from input to output and
output back to input many times
before the losses eliminate it gradu-
ally. Music signal fed to the
magnetic drive unit at the input
shakes the spring, and a magnetic
pickup changes the vibrations into
an audio signal at the far end. This
reverb signal is fed into the main
amplifier.

Such units are far from perfect.
The response is peaked and narrow
band, the pickup unit tends to
generate hum, and there is some
distortion. However, the majority of
people would rather accept it with
the shortcomings than be without
any kind of reverb.

The old, old Hammond units had
four springs (as 1 remember) that
were damped in oil, a moditied
speaker without cone for a driver,
and a crystal-type pickup. If you
move one of those tone cabinets, be
certain it isn’t tipped too much,
else the oil will run out (that gets a
bit messy).

Usually the reverb units have
hold-down mechanisms to secure
the springs against damage and
dislocation during shipping and
moving.

Also, these units are micro-
phonic. If the cabinet is bumped, a
loud sound like thunder occurs
because of excessive movement of
the springs.

The ‘‘reverberation’” stop on a
few models does not give actual
reverb. Instead, it's a type of

sustain that allows each note to die
away slowly.

41



42

Hi-Fi Speakers
Beware of the organist who asks
you to connect the organ so it plays
through the PA system directly, or
through external hi-fi speakers. In

most such installations, the tone
quality will be very poor.
[ admit it seems logical to

replace a built-in standard-fidelity
speaker with an external wide-range
speaker system that has tweeters to
extend the range beyond the high-
frequency cutoff of the original
speaker.

But both you and the customer
must understand that the speaker
system of an organ is a vital part
of the ‘‘voicing”. Extreme high-
frequency response is not desirable
with most organs, especially those
having sawteeth or square waves
which are fiitered by the stop
circuits to create the distinctive
voices. Excessive highs cause a kind
of buzzing sound from several of
the stops, which can be distressing
to a sensitive musical ear.

The rolloff of high frequencies in
a standard speaker (without tweeter
or ‘‘whizzer” cone) can be more
pleasant to the ear than the sounds
from most electronic rolloff filters.
(It’s cheaper, too.)

Another factor is the direct
versus the diffused distribution of
sounds from speakers. Organ music
does not sound very natural with
the speakers pointed directly. at
your ears. Years ago, one manu-
tacturer discovered that the clicks
from abrupt keying were minimized
if the sounds from the rear of the
speakers were heard, rather than
those beamed from the front. It was
a valid solution to a sticky problem.

Ideally, organ speakers should be
baffled inside a reverberation
chamber, with only a small window
feeding the diffused and reverber-
ated sounds out into the listening
area. Obviously, not many people
will spend that much money or
provide so much space.

Bass response

Loud pedal volume with even fre-
quency response so the pedal notes
have the same loudness (to the ear)
is very important for good organ
reproduction. Few, if any, organ
speakers have flat response down to
32 Hz, the bottom 16’ “C” pedal
note. Next best is a smooth,
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This tiny reverberation unit illustrates the basic principles of “spring” systems
used in many organs, although it has only one spring (others have two or three)
and was intended for use in an auto stereo system. When driven by audio
power, a winding with iron core shakes one end of the spring. The spring
continues to vibrate even after the sounds are finished. Vibrations of the spring
shake a similar magnetic pickup at the other end, creating an audio electronic
waveform that decays slowly. The signal is fed back into the main amplifier.

gradual bass rolloff.

Surprisingly, the bass response of
many small console organs with
internal speakers is smoother, with
fewer objectionable peaks, than
some hi-fi stereo-type speakers. The
reason? Well, an organ console
provides a fairly-large air volume
with several openings preventing a
single large resonance. While the
hi-fi speaker might be a bass-
reflex type with one large peak and
a smaller-amplitude peak in the
pedal range. All speaker systems
that have a large bass peak have a
severe falling response below the
peak, and this adds to the problem.

Of course, organ speakers and
special external organ speakers can
exhibit peaks, also. For example,
the older Leslie (with rotating
speakers to give a pleasing doppler-
type vibrato) peaked at about the
pedal 16" ““G” and was much softer
below that point.

We suggest you use discretion
about any requests for modifica-
tions of the original organ speaker
systems. Remember that organ
speakers are ‘‘producers’” of tone
timbre, and not just “reproducers”.
And you should study acoustics so
you can answer questions or un-
founded complaints from custo-
mers, as well as become competent
to design good-sounding speaker
systems.

Repairs Versus Tradein
There is no clear-cut answer to
the questions about when an ex-
pensive organ repair is justified, or
whether you should recommend the
customer trade the old organ on a
new one.
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Of course, the newer organs have
many benefits from solid-state tech-
nology: the synthesizers for making
up your own distinctive sounds;
circuits that play percussion instru-
ments (drums, cymbals, etc.) in
rhythm for you; and others playing
chords or pedals automatically.

As electronics men, we are fas-
cinated (and rightly so) by the
exotic circuits, and what improved
things they can do. But let's be
honest and realistic. Many mu-
sicians are not attracted to or
curious about such gadgets. They
couldn’t care less whether tubes,
transistors, or compressed cabbage
makes the notes. And often they
are accustomed to the sound of
their old organ and don’t want to
change. A large repair bill probably
won't dismay them.

Perhaps the middle road is best
in giving advice. If a repair
customer asks about the new or-
gans and their advantages, then
answer as completely as he desires.
But, don’t volunteer much more
than you are asked.

Remarks

Organ sales continue to spiral,
with no plateau in sight. Therefore,
organ repairing can be an excellent
field to enter while it's expanding.

Musical knowledge or ability is
not absolutely necessary, just so
long as you are not completely
tone-deaf. But we will admit that at
least a liking for music would be an
asset.

This article is the last of the
series, for now. Write to the editor,
if you have comments or sugges-
tions.

ELECTRONIC SERVICING
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By Marvin J. Beasley, Vice President, Technical Associates, Inc.

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 jor best results.

New items of CB-radio test
equipment are pouring out in a
flood. Most are of the second
generation, and offer CB techni-
cians improved speed and ease of
operation, along with better ac-
curacy and stability. The B&K-
Precision Model 2040 CB Signal
Generator is designed to test all
receiving characteristics of both
conventional AM and single-side-
band (SSB) radios on all 40 chan-
nels. Considering all of the mea-
surements the 2040 will make, the
generator panel is relatively un-
cluttered (Figure 1). Both meters
are lighted, when the power is on.

Channels

Channels are selected by a rotary
switch, in the same way as with CB
receivers. But in addition to the
channel dial window up above the
knob, there is a smaller window at
the right with the exact frequency
displayed.

All channel frequencies are pro-
duced by a programmable crystal-

Fig. 1 Controls of the
B&K-Precision Model
2040 CB Signal Genera-
tor are laid out
logically, to speed
operation and minimize
mistakes. Modulation
controls and meter are
on the left, channel
selector is in the
center, and attenuation

—y

MODULATION
ELECTOR

RF/IF output jacks are
located on the right.

December, 1976

EXT MDD INPUT

controls, meter, and O

controlled phase-locked loop (PLL)
that has a capacity of 50 channels.
Only one crystal is used. Therefore,
all channels have precisely the same
frequency error. This individual
generator was S3 Hz low in fre-
quency on all 40 channels. That's
excellent accuracy.

A temperature-regulated oven for
the crystal maintains the trequency
within £+.0005% or £S5 parts-per-
million (PPM). When the power
switch is in the “oft” position, the
oven heater still has power. There-
tore, the frequency accuracy is
within specs immediately after turn-
on. If the generator is unplugged,
or the outlet is switched off when
not in use, a warm-up period of 15
minutes is necessary before the fre-
quency becomes stabilized.

The channel RF signal emerges
from a standard 50-ohm jack
located near the lower-right corner
of the front panel, directly under-
neath the attenuation-range switch.

If the transmitter is keyed-on
while the generator is connected,

the full power is applied to the
generator output circuit. No genera-
tor damage should occur, because
the circuit is protected against the
legal 4-watts of power for a period
of less than one minute. But it’s
best to not take chances. So, we
suggest you remove the microphone
plug trom the radio while you test
the receiver functions, to prevent
accidental turn-on.

Attenuator

Calibration of the RF-output
signal is accomplished by a- com-
bination of an RF Level meter, an
11-position precision attenuator
which is calibrated in both micro-
volts and dBM per 50 ohms, and
an uncalibrated RF Level knob.
With the meter readout, it is not
necessary tor the knob to be cali-
brated; the meter is much more
accurate.

Levels down to 0.3 microvolt can
be measured accurately. If lower
levels are needed, a 20-dB loss pad
should be added externally. This
reduces the output voltage level by
a factor of 10 (down to 0.03 micro-
volt).

Figure 2 shows one reason for the
low level of stray radiation: an ex-
tensive system of double shiclding
with inductors and teedthrough
capacitors on all of the wires. Also,
the sections of the attenuator switch
apparently are in separate shielded
compartments (Figurc 3) and oper-
ated by plastic cams (the long white
object on the left).

Noise Generator
A feature seldom found in signal
generators is a noise source tfor
testing and servicing automatic
noise limiters and noise blankers.

www americanradiohistorv com
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The B&K Model 2040 adds pulse
noise to the receiver along with the
regular signal when the RF Level
knob is pulled out.

IF Signal
For alignment adjustments of the
receiver, a 455-KHz crystal-con-
trolied signal, with fixed 30%
modulation, is available from ba-

,
By .

Al i';‘

nana jacks. The attenuator is not
calibrated. An LED lights when the
455-KHz signal is turned on.

Modulation
On the left side of the panel are
the controls and meter for the
various kinds of modulation. A
switch selects CW (no modulation),
400 Hz, 1000 Hz, 2500 Hz, or
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Fig. 2 Double-chassis
design plus cabinet
shielding and double
feedthrough capacitors
with inductors between
each pair minimize
undesired radiation of
the signal.

Fig. 3 The main PLL
shield is shown in
place. The long white
object at the left is the
plastic cam which
operates sections of
the attenuator switch.
These sections are
inside separate shields
to minimize leakage.

external modulation input (from
banana plugs). Any of the three
frequencies can be used for con-
ventional amplitude modulation,
producing double sidebands. Dis-
tortion is quite low, and these tones
can serve as the source for a
distortion check.

The Modulation Percentage me-
ter is calibrated directly in percent,

ELECTRONIC SERVICING



1. CONTROLS SET PER FIGURE 5

MIXER

3. 455 kHz ON

2040 CB SIGNAL
GENERATOR

4. INCREASE 455 kHz LEVEL. LISTEN FOR BEAT

FREQUENCY

2. CONNECT 455 kHz CABLE TO INJECT 455 kHz INTO

5. ADJUST SYNTHESIZER FOR ZERO BEAT

POWER SUPPLY 13.8V

CB TRANSCEIVER

Fig. 4 Here is a sample of the 17 large illustrations in the Model 2040 operating manual. This one shows the equipment,
external wiring, and all steps for a check of the receiver synthesizer frequency. The manual is a valuable source of adjust-
ment and servicing information, and it can be purchased for $5 from B&K. (Courtesy of B&K)

with a mark every 5% up to 100%.
(A second scale shows the frequency
offset in kiloHertz for checking
SSB.) The modulation is continu-
ously variable.

A Meter Function switch selects
percent of modulation or the fre-
quency offset. To obtain the fre-
quency oftset, pull out on the knob,
and turn it either to the right or to
the left. The amount of frequency
change is read on the meter and
two LEDs indicate whether the
offset is simulating the upper or
lower sideband signal.

Instruction Manual
The instruction manual for the
B&K Model 2040 generator is one
of the best 1 have seen. In addition
to describing the functions of the
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2040 and the specifications, the
manual takes about 25 pages to
explain and illustrate in detail how
to connect the generator, the re-
ceiver, and any other needed equip-
ment for all of the receiver tests.

For example, 17 large line draw-
ings (see Figure 4) show all of the
connections and list all of the steps
for the specitic tests.

Comments

One peculiarity was noted in the
channel switching. All ot the chan-
nels are in sequence from 1 to 40,
except for Channel 23, which is
located between 25 and 26. Some
requirement of the PLL probably
made this necessary.

Also, the generator has normal
output on the unassigned channels

www americanradiohistorv com

that occur every 10 KHz. The dial
merely has a dot for these channels.
They are included to permit check-
ing for adjacent-channel rejection
on all of the assigned channels.

With the attenuator turned com-
pletely down, a sensitive CB re-
ceiver could not detect any stray
radiation by the use of a cable
probe held near the generator
cabinet.

The frequency accuracy of 53 Hz
is 1.9 PPM (or .00019%), which is
2%, times more accurate than the
B&K specs and 25 times more
accurate than the FCC require-
ments for CB transmitters. This is
excellent performance.

In summary, the B&K Model
2040 CB generator operated satis-
factorily in every way. U
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Is The Tuner Or Chassis Bad?

An expert tuner technician tells us how to know that a tuner is (or isn’t) defective.

By Ted Foster
Manager of Texas Tuner Service

Are you always certain that a
symptom is caused by the TV
tuner, and not by the chassis? If so.
vou are fortunate, because the
answer isn't always easy. But, if you
occasionally make a wrong diagno-
sis. then read on, and I'll try to
help you.

Because 1 work for a tuner repair
service, 1 know that these com-
panies dislike receiving ‘‘good”
tuners for repair. You see, except
for the rare intermittent that won’t
“intermit”, the technician goofed,
and he will have the same problem
after the tuner is re-installed. After-
ward, he’ll resent the tuner com-
pany, and likely will send his
business elsewhere.

What's more, a good tuner
requires more time and work than
a defective one does. Searching for
a problem that doesn’t exist is
harder than finding an actual
trouble!

Substitute Tuners

Let's discuss substitute tuners as
test instruments. They might be
called *Subber”, ‘“‘Substituner”,
“Port-A-Tuner’”, or other brands,
and they have different features,
but they all basically do the same
job. Each is a complete tuner with
its own power supply and adjust-
able-bias control for the RF transis-
tor. (The power and RF bias either
can be a help or a trap.)

All you do is connect the test
tuner to the chassis [F cable
instead of the set's tuner. If no

stations were received originally,
but all the usual channels tune in
with the test tuner, then we say the
original tuner is bad. This method
sounds simple and foolproof.

Well, if the procedure is all that
infallible, why were 3-out-of-5 of
the tuners we received (after test
tuners became popular) found to be
normal?

Let me make my position clear.
I sincerely believe that a substitute
tuner is an excellent piece of test
equipment; every technician should
have one. But problems seem to
happen when a technician uses his
“Subber’ as a substitute for BOTH
tuner and brains. That’s asking too
much of any kind of test equip-
ment! Until some test-equipment
manutacturer builds a machine like

the one on the December cover of

Electronic Servicing, we either must
supplement or interpret the results
given us by all test equipment.
The problems of the ‘‘good”
tuners seem to come when tech-
nicians try the sub tuner, obtain
pictures, and then remove the set's
tuner without any further tests.

In such cases, the convenience of

having a separate power supply and
AGC voltage for the test tuner
might have become a trap. Let’s
discuss some true examples.

Check The B +
A supposedly-dead tuner was
brought to us for an overhaul. After
cleaning and lubrication, we found
nothing wrong, even after several
separate checks and a time-test.
The client was notified.
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The tuner was picked up. Next
day. the technician was back, laying
the tuncer on the counter, and
saying, “It's still dead.” 1 asked
him it he had measured the B+
and the AGC. *“Yeah, 1 checked all
that stuff,” he replied. Then, 1
asked what the voltages measured.
He didn’t remember, but they were
about right, and his subber was
getting a good picture. “Are you
checking  according to  the sche-
matic?” [ asked. *Yeah,” was the
answer.

I wired his tuner to our air-
monitor and tuned in all of the
local stations. He agreed that he
might have wired it wrong, and he
left. Next morning. he was back
again, accusing us of having a
“souped-up”™ monitor that would
get good pictures from dead tuners.
We wasted about an hour as | tried
to convince him our monitor was
only an ordinary portable TV, and
not modified.

Weill. to make a long story
shorter, 1 learned later that he had
“farmed™ the set to another tech-
nician. When 1 called this second
tech, I found the problem had been
a loss of B+ voltage. He said the
other technician had been very sur-
prised, but finally admitted he
never measured B+, AGC, or any-
thing else because he considered it
a waste of time. After all, his sub
tuner had given a good picture!

So, 1 urge you to check the B+
voltage at the tuner, both tube-type
and solid-state models. Take an
extra second and notice the EXACT
voltage. If it should be +13S, then
+31 will not do. Or, a transistor

ELECTRONIC SERVICING
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Fig. 1 Before you pull any tuner, make a simple rough diagram (like
this one) of all connections to the tuner, plus all tie-lugs or feed-
through capacitors which are not connected to anything. This easy
precaution might save you hours of frustration.

tuner needing +18 volts cannot
work properly with only +4. If the
B+ is okay, measure the AGC.

Check The AGC

Next in importance is the AGC
voltage for the RF stage. Too little
gain-reduction action causes over-
load when the TV signals are
strong; while too much gain reduc-
tion adds snow to medium-level
signals. In weak signal areas, too
little gain reduction might not be
noticeable, while too much could
eliminate wcak stations.

Tube-type tuners invariably apply
a negative voltage to the grid of the
RF amplifier. Increasing the nega-
tive voltage decreases the gain of
the RF tube. Therefore, a quickie
test is to short the AGC to ground.
Any decrcase of snow proves the
negative voltage was too high, This
test also is acceptable for MOSFET
RF stages.

But, don’t ever ground the AGC
of a bi-polar transistor. No! The
AGC voltage is the forward bias for
the transistor. and a zero AGC
voltage gives zero gain of the RF
transistor. Even worse. such a short
might destroy a diode or transistor
that supplies the RF AGC voltage.

Instead of grounding the AGC
for a transistor, measure it ac-
curately. The voltage is quite criti-
cal. A difterence of only a volt, for
example, might reduce the RF gain
nearly to zero. If the schematic
does not list the AGC voltage with
a signal, then try the next test.

Bias supply
Varying the RF AGC voltage and
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watching for improved reception is
a good method. However, with
transistors, you must use pre-
cautions to prevent damage to
tuner or the AGC circuit in the
chassis.

So. instead of connecting your
positive variable-voltage bias supply
to the tuner, add a 1000-ohm
resistor between the positive bias
supply and the AGC terminal or
teedthrough on the tuner. Vary the
voltage at the tuner from +1 to
about +3. Most bi-polar transistor
tuncrs will produce maximum gain
somewhere in  this  range.
MOSFET's require up to +6 or +8
volts for maximum gain.

It normal performance can be
obtained by adjusting for a reason-
able AGC voltage (for tubes zero to
-12; or +1 to +3 for transistors),
the problem is an AGC defect in
the chassis and the tuner is okay.
However, if you can obtain good
results only with excessive voltage
(for that particular model), perhaps
there is an out-of-tolerance resistor
or leaking capacitor in the tuner.

Ship the tuner

After you’ve checked the exact
B+, measured the tuner AGC
voltage or tried varying the RF
AGC supply, and all is normal
except the old tuner doesn’t work
while the sub tuner does, then ship
the suspected tuner to your favorite
tuner service.

Sometimes, a tuner is shipped to
us a second time, with a note
attached saying, ‘‘still doesn't
work’’. Of course, we test it. Then
if it works correctly, we examine it

www americanradiohictorvy com
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Fool-proof
TV

Alignment

B&K-PRECISION

SWEEP/MARKER
GENERATOR

Model 415, $485

With the B&K-PRECISION Model
415 you can complete a TV align-
ment in about the time you would
spend hooking up the instruments
for conventional alignment pro-
cedures. It's ideal for testing adja-
cent channel interference in CATV
installations, too.

Everything you need is built into
the Model 415—sweep and marker
generators, a marker adder and
three bias supplies. The 10 crystal-
controlled |IF markers can be
shown either vertically or hori-
zontally on your scope, and they
light up on the front panel IF re-
sponse and chroma bandpass
diagrams as you use them.

Proper set alignment is assured
and is almost automatic when
you follow the Model 415’s pro-
grammed alignment procedures.

Contact your local B&K-PREC!-
SION distributor for a demonstra-
tion, or write for detailed informa-
tion on how the Model 415 can
save you time and increase your
profits.

o1 PRECISION

PRODUCTS OF DYNASCAN
6460 West Cortland Avenue
Chicago, lilinois 60635 + 312/889-9087

\.:. In Canada: Atlas Electronics, Toronto
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40 CHANNEL
CB RADIO DATA TEST SYSTEM

The success of Nikoltronix Co., the
originator and leader in cB
ANALYZERS, is highlighted by our
40 CHANNEL CB RADIO DATA
TEST SYSTEM for AM/SSB TRANS-
CEIVERS, featuring GN-13758 and
ELTONE 76. These are finest quality
solid-state instruments of great pre-
cision and dependability.
[ 3
t

§

PwOONE GEWERSTOR
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GN-13758B is
ANALYZER on the
has successfully been field proven for
2 years.
eModel
are used by a major CB radio manu-

eModel the only CB

market that

GN-13758 and Eltone 76

facturer in its service departments.
eCustom made to ensure quality, de-

pendability, and high laboratory
accuracy.
o5 year guarantee on X-tals and PC
modules.

eSaves time as CB unit need not be
removed from car when using built-
in detector output for frequency
and modulation measurement.
eDesigned with the latest FCC require-
ments in mind,

e AC/battery operated.

eExclusive performance fcatures that
our competitors cannol match.
“ELTONE 76" $245.00, GN-13758
40 Channels $755.00. Special Holiday
Offer: Both units $895.00.

Direct factory sale only.

All accessories, charger, and Ni Ca
batteries included in price.
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~\*Happy- ¥
! Holidays m

L4 NikolTronix

2437 W. Peterson Ave.
Chicago, !ll. 60659

(312) 275-4727
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visually to see it a wrong teed-
through has fresh soldering on it.
Either the technician didn’t make a
drawing of the connections, or the
drawing was incomplete.

Now, making a simple drawing
takes only perhaps two minutes (see
Figure 1), and it is very important
tor anyone who does not have total
recall (I don't!). Attach the drawing
to the tuner-mounting assembly
(I'MA), so it will be found easily
when needed.

UHF Tuners

Our company receives a much
higher percentage of non-defective
UHF tuners than VHF tuners. This
probably indicates that technicians
have more ditficulties determining
whether or not a UHF tuner is bad.
Here is a way to determine ac-
curately the tuner’s condition in
less than tour minutes.

Measure the B+ at the UHF
tuner itselt (not at the VHF tuner).
It it is low by several volts, measure
the dropping resistor between the
VHF and UHF tuners, to determine
it the resistor has increased in
value.

It the resistor is within tolerance,
break the B+ line to the UHF
tuner and connect a meter (set on
the millampere range) in series. A
good rule-of-thumb is to expect 10
mills (about five for the base
resistor and five tor the transistor).
When the current is over 10 mills,
and the voltage is low, pull the
tuner and ship it; probably it has a
short.

I know someone will wonder
about the opposite condition where
the UHF tuner draws too little
current. Let’s bypass a direct
answer, and test the tuner by
a simpler method.

Incidentally. the older 26-MHzg,
tube UHF, and varactor UHF
tuners are so rare that we are
ignoring them as though non-
existent. Likewise, UHF tuners with
RF stages are scarce. That's why we
are considering only the UHF
tuners with one oscillator transistor,
and a diode mixer.

The similarity of most UHF
tuners allows you to try another
UHF tuner, using it as you would a
sub tuner. Of course, some of the

newer commercial sub tuners in-
clude a UHF tuner. That's even
better.

Perhaps you could keep the UHF
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tuner taken from a junker, using it
only for tests. In that case, check it
with various supply voltages, to tind
the minimum voltage for depend-
able operation, then scratch or
mark this voltage on the case of the
tuner. Henceforth, the tuner should
operate with any TV having the
marked voltage (or slightly more).

With the test UHF tuner (cither
a commercial one or tfrom another
set) connected to the TV and an
antenna, check the performance. If
the sub tuner brings in stations,
and the original tuner does not,
ship it tor an overhaul.

But what if it doesn't tune in
stations cither? That's a good
question, and there is a good
answer. Try the VHF performance.
(It the VHF tuner doesn’t work,
why worry about the UHF?)

It the VHF operation is good,
that climinates the chassis tfrom
suspicion. Because the sub UHF
tuner didn't work any better than
the original, the UHF tuner prob-
ably is okay. That doesn’t leave
very much except for the possibility
of a VHF tuner which doesn’t
amplity the UHF correctly. Write
the details and your conclusion,
then ship the VHF (not the UHF)
tuncer in for repairs.

Shipping
When you pack a tuner for ship-
ment. usc a big box. You pay
charges by weight, not size, and the
packing doesn't weigh much. The
post oftice specities at least two
inches of shredded paper (or the
equivalent) on all sides of the
contents. And, believe me, it is
needed to prevent damage. Tuner
shatts are the most susceptible to
damage, so usc extra care and

packing material there.

Comments

To sum up what I've said: use a
sub tuner (if you have one) but
betore you pull the suspected tuner,
test both the B+ supply voltage
and the AGC. Don’t just glance at
the meter, but notice the precise
readings; and make a rough draw-
ing that shows all of the wires by
numbers and colors. Also mark all
teedthroughs with no wires at-
tached.

These few simple precautions will
save you (and your tuner service
center) much wasted time, postage,
and ruttled teclings. [
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Commercial Radiotelephone License Question
And Answer

Study Guide (3rd Edition)

Author: Edward M. Noll

Publisher: Howard W. Sams & Co., Inc., 4300
West 62nd Street, Indianapolis, Indiana 46268
Size: 304 pages, book number 24033

Price: $7.95 (Canadian Price Slightly Higher)
Purpose of the guide is to help readers pass the
examination necessary for obtaining a Commer-
cial Radiotelephone license from the FCC.
Dctailed answers are given to questions that are
similar to those of the test. Supporting diagrams
and additional explanations ensure the reader of
a better understanding of the “how” and “why.”
This new cdition stresses some of the most
important subjects and those most likely to be
misunderstood. Formulas, radio mathematics and
calculation, and schematic symbols appear in the
appendiccs.

Contents: Basic Law; Basic Operating Practice
(Series O)»—(Serics M); Basic Radiotelephone;
Advanced Radiotclephone; Formulas; Radio
Mathematics and Calculation; and Schematic
Symbols.
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It's Bound to be
a Profitable Deal
for You...

READ
i pOWER

POWER
wasTED

MODEL 10043

...When
theseTwo
Great Pros
reach an Agreement.

A Citizens Band (27 MHz) Antenna
THRULINE® Wattmeter & SWR Bridge

Manufactured Exclusively by "“The ’f\‘ame
Bird Electronic Corporation for Quality’”
uality

Antenna, Incorporated.

Proven the best American made test meter for
tuning all types of antennas, the THRULINE®
Wattmeter is an extremely accurate instrument for
continuous monitoring of RF power output and
antenna SWR.

Mode! 10043 Wattmeter measures forward RF pow-
er up to 10 watts, reflected power to 2.5 watts as well
as giving direct reading SWR of the antenna system
— does not require a perfect (60 ohm) line impe-:
dance to provide accurate readings in either power
or SWR modes — designed to be left permanently
in the line for continuous monitoring or to be
used as a highly accurate portable test instrument
by dealers, servicemen, technicians or installers dur-
ing initial instaliation and tune-up of CB systems.

Take it from the Pros — Model 10043 THRULINE®
Wattmeter positively belongs in your stock of pro-
fitable CB accessories and is available only from

Antenna, Incorporated. Suggested Resale Price
is $88.00.

Incorporated

 Anlennd!

Antenna, Incorporated

23850 Commesce Park Road, Cleveland, Ohio 44122 s
{218) 464 7075 i

In Canada- E S. Gould Marketing Co., Ltd contact us for

109 Montee De Liesse Montreal, Quebec HAT 159 Canada a full line of
Antenna, incorporated, Internatianal Division communication

P 0. Box 1002 Rockville Centre, New York 11571 aritennas.

® Trade mark of Bird Electronic Corp.
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Hi there! For a change of pace, have fun solving this Just-across-word
Puzzle based on Electronics. Each word is connected to the word above
and below by one or more letters although only one is shown as a clue.
Each correct answer is worth 4 points; a perfect score is 100. It should
prove fairly easy to get a high rating except perhaps for someone who
thinks “rivet” is a small river, or that “uncharged” means purchased for
cash! Pencil sharp? Your “thinker” sharp? Then, GO!
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AGING SHERLOCK OHMS!

Edmund A. Braun
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One one-thousandth of a unit of
electric current or rate of electron
flow.

A disruptive discharge through the
air.

Small gaskets of metal or other
material.

The means of specifying the char-
acter of a wave in a guide.
Electron tube having five grids plus
an anode and a cathode.

An original creation or a new
device.

Flash accompanying the discharge
of atmospheric electricity.
Specially designed type of speaker
baffle.

One million changes per second.
Specially varnished tubing used as
insulation.

Giving a relatively high output.
Pertaining to a measurable extent
as. length, breadth, or thickness.

A tone that slides smoothly from
one pitch to another.

Release of energy stored in a
capacitor.

Grayish-white metallic element
with many electronic applications.
Type of construction used for iron
cores of transformers, etc.
Oriented intergrowth between two
crystals.

Word formed from initials or sylla-
bles of other words; i.e. radar,
sonar, etc.

Removes unwanted portion of a
printed circuit during fabrication.
A unit of quantity of electricity,
being 96,500 coulombs.

Any graphic representation which
explains rather than represents.

A coil with turns wound crisscross
to reduce distributed capacitance.
Device for electrically joining one
or more electronic circuits.

A measure of light reflecting or
transmitting of an area.

Any number under ten.

We’'re betting the solution is
on page 55.
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productreuon

These leatures 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 10 us

Tone Pager

Motorola recently introduced the
dual-function tone-alert Metrx paging
line.

The new pager utilizes Large Scale
Integrated Circuits (LSI) in a com-
hination of discrete components and
Dual-In-Line Packaging (DIP) techni-
ques. This results in reliability, with
small size and ruggedness.

Using two separate tones, messages
from two different locations may be
received. The coding system consists
of a preamble and six sequential
tones, and provides a maximum
calling capability of 1,000,000 codes,
each with dual-function.

Other features include the Mem-o-
Lert deferred-paging memory; inex-
pensive standard AA penlight cell
operation; extended battery life of up
to six months use per battery; and a
hattery-condition indicator.

For More Details Circle (26) on Reply Card

CB Power Supply
Clifford Industries has added the
Vista CB-IIIR to its line of power
supplies. This model provides 13.8
VDC at 3 amps of continuous power.

It incorporates a built-in slide mount
for easy attachment of power and
antenna connectors. It has a built-in
speaker, thereby making it possible to
create a base station from a mobile
CB. The Vista CB-IIIR will accommo-
date either 23-channel CB sets, or the
new 40-channel CB sets.
For More Details Circle (27) on Reply Card

CB Antennas
Two new mobile CB antennas are
now available from EICO. The Gutter-
Clip Model, CA-20, has a tunable,
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center-loaded, stainless-steel whip
that attaches directly to the rain-
gutter clip of any vehicle without
drilling or screws. It is 21-inches high,
and has a nine-foot coaxial cable
terminated with a PL-259 standard
coaxial eonhector.

The Trunk-Lid Model, CA-10, is a
base-loaded unit that attaches to the
trunk lid without serews or drilling. It
has a neatral-grey coil housing, and a
chromed base and spring that seats
on a rubber base cushion. Overall
length is 45 inches, and the unit
comes with 15 feet of coaxial cable
terminated in a standard PL-259
connector.

The Model CA-20 is priced at
$19.95, and the Model CA-10 at $24.95.

For More Details Ciicle (28) on Reply Card

Projection TV
Projection Electronics now has
available a projection TV set. The
Model 351-S1 “Super Video” consists
of a projection console unit with a
free-standing 50"

separate, screen.

Projection distance is 5 leet from the
1280 square-inch screen. Controls are
conveniently located for easy adjust-
ment. The custom-designed console is
available in a wide variety of wood-
grain finishes and solid colors. It mea-
sures 27" high X 20" wide X 20" deep
and is mounted on casters for easy
mobility.
Price to dealers is $795.
Far More Details Circle (29) on Reply Card

CB Noise Filter

The EMI-15A is a CB noise-sup-
pression filter from Marine Tech-
nology. It is a three-element low-pass
L.C filter designed to control ignition
system generated noise. It prevents
coupling of ignition impulses into the
vehicle primary wiring system and
supplements suppression-type plug
wiring. Installation is at the A+
connection to the coil or electronic
system.

Suggested retail price is $6.95.

For More Detaits Circle (30) on Reply Card

(continued on page 52)
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T&T VALUE SALE

1.C.C., RCA, SYLVANIA

FAMOUS MAKE NEW JOBBER BOXED TUBES
80% OFF LIST
5 for §5.35 6JC6....... .5for
5 for §5.20
.5for $6.25
.5 for
.5 for
.S tor
. .Sfor
.5 for
.5 for
5 for
.S for
.S for
.S for
S for
.5 for
.5 for
U 5for$ [J38HK
Write in Unadvertised Tubes at 80% Off List.
All Prepaid Orders of 100 Tubes or More
in SLEEVES ONLY Take 80% & 5% Off List.
1 *SPECIAL 100 6GH8 Tubes $
SYLVANIA TUBES NEW FACTORY BOXED 70% & 10%
OFF LIST ON ENTIRE LINE IN SLEEVES ONLY
13A3 ...5for $7.22 5 for $15.05
16BK4 .. .5for$13.43 5 for $13.84
[16C)3 ... .. 5ter$6.75 .5 for $6.41
5 tor $5.47 5 for $8.37
.5 for $5.67 e 5 for $8.57
.5 for $6.89 5 for $13.84
6 LB6 . 5o r$14.51 5 for $12.36
*SPECIAL—100 GGHBTubes .. $105.
IC'S EQUIVALENT TO ECG
90c EACH—MINIMUM 5 OF A NUMBER
0703 708 0709 710 0712 O713
0714 718 719 0720 O722 1723
725 731 O740 O 743 1748 [1783
788 L.790 0793 01912
221-31-32-34 42 45 -46-48-51-52-62-65-79
ZENITH MOOULES
19-50, 9-59, 9-79 3for $10.00
TRANSISTORS EQUIVALENT UP T0O 95% OFF LIST
30c EACH—MINIMUM 10
SK  ECG
13122 123A
13124 1237
13132 161

COE B NE LR UESHN B~
N~ O ) £ O~ N R — LN WD D — D
MU O MU O o oo

MINIMUM FIVE (5)
SK

ECG
. ea.60c 3079 162 .
. ea.60c 3115 165

52 ... ea 70¢
CB HARDWARE WIRE MINIMUM

.ea. $2.50
ea. $2.50

C 10for $3.90 [CIPL258 . ..
J3FT. RGSBU Cable 2PL259 ..... ...
)20 FT. RG58U Cable 2PL59 .. ..

120 FT. RG58U PL259 Spade lugs
|50 FT RGS8U 2PL259

RG8U
100 FT RG58U Cable 2PL259
71 CB Lightning Arrestors
300 Ft. 59U Coax Cable Milt Ends
Y

OKES
OY130 Y94 Y105 [095-2779 ........ea $6.95
1Y153 CI1Y162/¥132 [CI1Y137
Y147 [1DY92C ea. $12.95
DIODES RECTIFIERS, EQUIVALENT
£16500 PIV Color Focus Rectifiers . for $6.00
[12.5amp 1000 PIVIR-170 ... ... 10010r$11 00
1Syl —Zenith Tripler ................... . .ea $6.95

GENERAL
019"&25 .3 for g11.95

.10 for $4.90
.79

121" Color Boosters .

14 Asst. Tuners New, Incl. Combo .

[120 Asst. Belts (Reg. $70.00} Your Cost .
25 ft. Stereo Extension Cord

[ 60 minute Irish cassette tapes . ... 121or $6.00
90 minute Norelco type boxed 10 for $10.00
15 x 7 Speaker Kit : ... $2.95

1 B&K Digital Meter #280 . ... ...... ..

$7.00
.10 for $14.95

' _|Astat|c— 1133, D142 .

b o 650, 0660
1 VARCO—  CITNAB,

ea. $
172 ohm to 300 matching transformers .. .. 10 for
125 tt. Telephone extension cords . . . . . .ea.
1500 Ft. Speaker Wire S .
C1BSR Deluxe Changer .
1$300 Surprise Package
AUDIO— CARTRIDGES—NEEDLESEQUIV

TJBSRSC7M
CIEV DZS—$1 49 05015

[ TETRAD—AI Numbers .

O ZEN.— 142-167,

CINA4, 175, :lg C.......ea.

[IN3—89c I TETRAD Dia. Univ. .......... 10 for

o LETTERS OF CREDIT AND ALL CHECKS PLACED ON DEl
WITH MANUFACTURERS HANOVER TRUST BANK, N.Y.C.

o MASTER CHARGE"—MIN, $100.—C.0.D.’s 50% DEP.

« MINIMUM ORDER $60. FOB BROOKLYN, N.Y.

o CATALOGS—$2., REFUNDABLE UPON YOUR ORDER

o SEND CHECK OR MONEY ORDERS TO:

( T SALES CO.)
4802 AVENUE K
BROOKLYN, N. Y. 11234

(2121 .241-5940

Phane:

For More Details Circle (71) on Reply Card



One day,

quite by accidert,
Jack was promoted
to a higher position.

productrenn

{Continued from page 57)

Soldering Station
An improved controlled-output
soldering station, replacing the

WTCPL model, has been introduced
by Weller.

s
jage)
e, I Advertiving contributed for the public good.

And Jack’s company lost a very good
man.

Highway accidents like the one Jack
had take the lives of over 28,000 em-
ployces every year. It’s a terrible waste.
Andonethat you could be doing some-
thing about.

The National Safety Council will
help your company set up its own
Defensive Driving Course, just as it
has for companies like General Tele-
phone and National Cash Register.

And the Defensive Driving Course
can help your company reduce the
number of lives lost in traffic accidents,
just as it did for those companies.

So send for our survival course.
Maybe you'll save some of your em-
ployees on the way up from an early
ascension.

Special Projects—Public Information
National Safety Council

425 North Michigan Avenuc i
Chicago, lllinois 60611 i
Please send me full details on the Defensive Driving |
Program. )
lam intetested for: Myself

A civic organizationorclub _

My company Number of employces _

Name _ _ S
Title __
Firm or Organization
Address

PSS S ey

TRAFFIC SAFETY CAMPAIGN

The WTCPN is a transformer-
powered unit complete with a low-
voltage, temperature-controlled sol-
dering pencil and heat shield. It
features the Weller “closed loop”
method of controlling maximum tip
temperature, protecting heat-sensitive
components while the grounded tip
protects voltage-sensitive parts.

The WTCPN uses any of 17 types
of replacement tips, each available in
600°, 700°, and 800°F, heavily iron
plated with anti-oxidation coating.

For More Details Circle (22) on Reply Card

Electronic Tool Kit
For the technician who wants to
travel light, but well-equipped to do
field inspection, troubleshooting, and
repair work, there's a 40-piece elec-
tronic tool kit available from Elec-
tronic Tool Company.

www americanradiohictorvy com

The ETK-131 is a compact kit that
contains a large selection of screw-
drivers, pliers, hex blades, soldering
tools, spline blades, etc., in addition to
more sophisticated specialty tools.
The tools are contained within a
leather zippered case that measures
16" X 11%" X 214",

The ETK-131 is priced at $139. An
optional Triplett #310 meter and case
is available.

For More Details Circle (23) on Reply Card

Auto Combination Lock

Model LAP-2000, an auto-electronic-
equipment lock from ASAP Inter-
national, secures CB radios, 8-track
and cassette players, AM/FM radios,
or other units in place under the dash
of most vehicles, to prevent theft of
the equipment.

The combination can be set to any
number, an alert band indicates when
the unit is unlocked, and the lock is
constructed of heavy-gauge metal.

Model LAP-2000 comes with all
necessary parts, and lists for $24.95.

For More Details Circle (24) on Reply Card

ERRATA

A mistake about CB output
power occurred on page 52 of
the October 1976 issue of
Electronic Servicing. The cor-
rected paragraph should read:
“When a transmitter is ampli-
tude modulated at 100%, the
maximun allowed is 16-watts
PEP (or 12 watts, if single
sideband). and this will read
on the meter.” We thank the
FCC for supplying this correc-
tion.

Norman Crowhurst points
out an error of editing on
page 44 of the September
1976 issue in his article about
servicing organs. The state-
ment is wrong that says:
“suppose the LSI skips one of
the tinal small counts...then
the top note will be flat by 8
Hz.” Actually, 8 counts short,
making 529 instead of 537
counts, would produce 5671.1
Hz rather than 5586.6 Hz
(with a 3-MHz master fre-
quency). and this is 84.5 Hz
sharp, not flat.

ELECTRONIC SERVICING



pataloos(itersiums

Circie appropriate number on
Reader Service Card.

80. Belden Corporation—has an 8-
page illustrated booklet that fea-
tures antenna, microphone. and
speaker cables for CB radio sys-
tems. It offers more than 60
products for use with fixed and
mobile CB, amateur, and marine
radio systems and for industrial/
commercial land/mobile applica-
tions.

81. Arista Enterprises—ofters a 16-
page catalog of two-way communi-
cation accessories. Some items fea-
tured are: microphones; CB
speakers; CB transistors and semi-
conductors; CB antenna mounts
and accessories; coaxial connectors;
connector cables; noise elimination
filters; CB meters; and power
supplies.

82. Telematic—this 16-page #76-1
catalog features TV test rigs, yoke
and convergence adaptors, color
brighteners, replacement parts, and
color service accessories. Also in-
cluded are two cross-reference
charts; one for test rigs, and one
tor brighteners.

83. Antenna Specialists—has re-
cently published an informative
booklet for everyone interested in
CB radio. Written by Forest H.
Belt, “CB Facts and Fables” ana-
lyzes the nature of CB antennas;
how they work, which types work
better than others. and why.

84. Bird Electronic Corporation—
4-page form catalog SF-76 lists
“Thruline” wattmeters, coaxial
loads, RF termination wattmeters,
and attenuators covering trom 500
KHz to 2300 MHz and from milli-
watts to 250 kilowatts. Also in-
cluded is a new multirange digital
wattmeter for 2-way radio service,
as well as portable and panel
instruments with RF output ports
tor frequency analysis.

85. Sperry Instruments—has issued
a new product bulletin, SP-73, that

features the complete Sperry line of
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multi-testers. The bulletin offers
detailed specifications, product de-
scriptions, a list of features, pack-
aging information, and prices for
each of the nine multi-testers.
Additionally, there is a price list of
accessories.

86. Techni-Tdol—offers a wide se-
lection of tool kits in their 20-page
catalog. Some Kkits featured are:
security installation kits; office
machine Kkits; hospital/laboratory
kits; electronic assemblers kits;
engineers tool kits; and many
others. They also feature a design-
a-kit section in which tools and
accessories are listed separately; the
customer can order from this form
and build his own personalized kit.

87. Saxton Products—the S2-page
catalog features coaxial and twin-
lead cables for CB, amateur radio
and television use, plus antenna-
mounting hardware, tools, hook-up
wire, intercoms, audio connectors,
and decorator telephones.

NATIONAL ELECTRONIC

NESDA

SERVICE DEALERS ASSOCIATION INC
1715 EXPO LANE

INDIANAPOLIS, INDIANA 46224
PHONE (317) 241-8160

WE’'RE GROWING!
To better represent
YOU

The successful service
business operator.

* Over 2000 firms belong
* 3b 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.

endeco

A soldering &
w==Wy desoldering
- aquipment

SOLDERING
IRONS

Pencil style. Safety light. Two heats — 20w and
40w. 6 tips. Unbreakable handle. 2 and 3 wire
neoprene cords.

DESOLDERING 4
IRONS = -

Pencil style. Safety light. Some operate at 40w, idle
at 20w. B tip sizes. 2 and 3 wire neoprene cords.

SOLDERING &
DESOLDERING
KITS

Everything needed
to solder or de-
solder or both. All
in a handy lifetime metal
box with hasp.

" See your distributor or write ...

Enterprise Development Corp.
5127 E. 65th St. * Indianapolis IN 46220
PHONE (317) 251-1231

For More Details Circle (72) on Reply Card

Huge selection of burglar & file sys- “ZEmmsems

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 B ]

mountain west alarm
VoF 4215 n. 16th st., phoenix, az. 85016

for More Details Circle (73) on Reply Card

IT'S NO PUZZLE %

10 oRotR —

OELRICH SERVICE FORMS

FOR TV-RADIO & 2 WAY RADIO SERVICE LEGAL FORMS FOR CALIF. FLA.
UTAH NOW AT YOUR PARTS JOBBER OR WRITE FOR cmﬁ.os B64
OELRICH PUBLICATIONS

4040 N. NABHVILLE AVE. CHICAGO. ILLINOIS 60634

For More Details Circle (74) on Reply Card

Ideas for
articles?
Send them
to ES,
now!

www americanradiohictorvy com
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audio Systems
PBRAN

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.

FM/TV Weather-Band
Converter

The Audiovex FM/TV/weather-
band converter allows listening to FM
programs, the sound of TV broad-
casts, or the government weather
forecasts on any AM car radio. The
FM-broadcast band, the 162.40 MHz
and 162.55 MHz weather bands, and
the -sound carrier of TV channels
2-through-13 are converted to AM.
Pushbutton switches select the de-
sired function.

The converter is small enough to be
mounted under the dash of most cars.
It uses 1 IC, 9 transistors, and 6
diodes.

List price of the Model FMC-TV is
$59.95.

For .More Details Circle (31) on Reply Card

Retlex Horn

This heavy-duty 5'z-inch aluminum
reflex-horn speaker is anodized for
either indoor or outdoor uses. List
price of the Model CBH-550 speaker
from RMS Electronics is $12.95. It is
suitable for use with CB radio, or for
paging and patio operation, anywhere
the higher efficiency and clear voice
reproduction of a horn is needed.
Rated at 8-ohms and 8-watts, the
CBH-550 speaker comes complete
with a long cable and the mounting
bracket.

For More Details Circle (32) on Reply Card

CB Speaker

Model FS-10 speaker from Neosonic
has an internal LC filter to minimize
noise by eliminating the high fre-
quencies above the voice range.
Designed for CB or communications
uses, the speaker has a range of 300
Hz to 4000 Hz, with an impedance of
8 ohms. The 10-foot cable has a 3.5

MM plug which fits most CB re-
ceivers.
Suggested resale price is $14.95.
For More Details Circle (33) on Reply Card

Bi-Directional Loudspeakers

Atlas Sound has available a 30-watt
bi-directional horn loudspeaker, Model
APT-15, for use in large areas. Each
assembly consists of two independent
speakers with drivers and re-entrant
horns, thus allowing different sound
levels in the two directions when

desired. Two line matching trams-
formers are located in the mounting

base. Frequency range for the APT-
15 is from 475 Hz to 14 KHz, and the
impedance of each driver is 8 ohms.

The housing is heavy-gauge
brushed-aluminum with black dif-
fusers, and the assembly can be
mounted from a standard electrical
box in ceiling or wall.

For More Details Circle (34) on Reply Card

Cassette Tape Player
Features of the Model T602 in-dash
cassette stereo tape player by Craig

include pushbutton operation, slot
cassette loading, manual or automatic
eject at the end of tape, locking fast

forward, and AM/FM stereo radio
with AFC.

The unit is small, with adjustable
control-mounting centers for easy
mstallation. Suggested retail price is
$119.95.

For More Details Circle (35) on Reply Card

they need.

cheating in school?

WHOS
CHEATING
IN SCHCDL?

We are. Parents, teachers, community leaders,
elected officials ... all of us. There are seven
million handicapped children who need special
education. And millions of these children are
being cheated out of their right to the education

How can we have the nerve to talk about kids

For information or help, write:

CLOSER LGADK, BOX1492,
WASHINGION, DC. 20013

U.S. Department of Health, Education & Welfare, U S. Office of Education
Bureau of Education for the Handicapped

www americanradiohistorv com
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test equipment
R

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 mai! it to us.

Ground Tester

Ungrounded or poorly-grounded
electrical equipment or AC outlets are
common hazards often cited by OSHA
inspectors. Such penalties average
$26.60 per receptacle or electric tool.
Avoid these expensive citations and
maintain a safer environment by
checking the ground on outlets, equip-
ment, tools, and adapters. Butrick
Manufacturing Company sells for $8
the Model 317 Ground Tester for
performing 10 tests with 29 different
indications on 2-wire or 3-wire cir-
cuits.

For More Details Circle (75) on Reply Card

Frequency Counter/Clock

A hew combined frequency counter
and selectable 12- or 24-hour digital
clock is the TF-1000 from Pride Elec-
tronics. The unit, utilizing FET
switching techniques, supplies an ac-
curate visual readout of frequency
during transmissions. The TF-1000
also is an accurate clock with a
six-digit LED display, which switches
to the frequency-counter mode when
the transmitter is used, then returns

to the correct time display after the
transmission is completed.

Citizens-Band and amateur trans-
ceivers with 3- to 200-watts output
can be used with the Pride TF-1000,
which operates from 1 MHz to 40
MHz.

The unit requires no additional
accessory equipment and can be
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installed in the coaxial antenna line,
with negligible transmitting or re-
ceiving loss. Measuring 82 X 3 X 9%
inches, the unit operates on 120
volts and uses less than 10 watts of
power. Suggested user’s price is
$179.95.

For More Details Circle (76) on Reply Card

Sweep/Function Generator

Function generators are replacing
audio oscillators for many uses. Most
models can be switched to produce
sine, square, or triangle waveforms.
Eico has introduced the new Model
390 Sweep/Function Generator which
has those waveforms, but in addition
has the internal circuitry for either a
linear or logarithmic sweep of fre-
quency, with a choice of slow, medi
um, or fast rates. With sweep, the
response curve can be seen on a
scope. Operation as a Voltage-Con-
trolled Oscillator (VCO) from an ex-
ternal voltage also is possible.

Four frequency ranges cover from
0.2 to 200 KHz, and the calibrated
tuning dial gives a 1000-to-1 variation
of frequency. Attenuation totalling 60
dB is provided for the 50-ohm output
signal of 10 volts peak-to-peak.

User net price is $169.95 assem-
bled.

For More Details Circle (77) on Reply Card

Autoranging DMM

The Model 465 3'/2-digit DMM by
Simpson automatically selects the
proper measuring range and displays
it with bright 0.43-inch 7-segment
LLEDs. When repeated measurements
of approximately the same readings
are to be made, the desired range can
be locked by a “hold” button.

Accuracy of the Model 465 is 0.1%
on DC volts. It measures voltages
from 100 microvolts, and resistances
from 0.1 ohms. In addition, 10-ampere
AC and DC current ranges, and low-
power or standard-power resistance
ranges are furnished by the five-
function digital meter. Other features
include pushbutton selection of func-
tions, automatic polarity for DC
ranges, and good temperature sta-
bility.

Model 465A, costing $295, is for
operation on AC power only, while
Model 465D has provisions for AC or
battery operation (with ni-cad cells,
batteries not included), and is priced
at $332.

For More Details Circle (78) on Reply Card

RF Wattmeter
A new fourrange Termaline ab-
sorption wattmeter from Bird Elec-
tronic Corporation covers two-way

www americanradiohistorv com

Solution to
PAGING SHERLOCK OHMS!

1 milliampere 14 discharge
2 flashover 15 .germanium
3 washers 16 laminated
4 pattern 17 epitaxy

5 pentagrid 18 acronym

6 invention 19 etchant

7 lightning 20 Faraday*
8 labyrinth 21 diagram

9 megacycle 22 honeycomb
10 spaghetti 23 connector
11 efficient 24 density

12 dimension 25 digit

13 glissando

Start with 100 points and deduct

4 points for any part you may

not have answered correctly.
Your rating:

60 - 64 Fourth best.

68 - 72 Third best.

76 - 84 Second best.

88 - 96 First best.

100 PERFECT! Best best! (Huh?)

*Faraday, Michael.
English chemist and physicist.
(1791-1867)

communications frequencies from 25
to 512 MHz, from as low as 5 watts
full scale through 15, 50 and 150
watts. It features +5% accuracy and
an integral 150-watt RF load. Maxi-
mum VSWR is 1:1 at its 50-ohm

female N input connector.

The meter has squared scales for
easy downscale reading and its hous-
ing can be detached from the load for
operational convenience. Model 6156
is portable and weights 8 pounds.
Suggested price is $249.

For More Details Circle (79) on Reply Card
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The MARKETPLACE

FOR SALE

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 1o
cover department number, pro-
cessing of replies, and mailing
costs.

Ciassified cotumns are not open
to advertising of any products
regutarly produced by manufac-
turers uniess used and no
longer owned by the manufac-
turer or a distributor.

HELP WANTED

$19,000.00 PLUS per year for excellent outside-
man. Qualifications: Totally honest, industrious,
non-drinker, non-smoker. Prefer 15 years or more
experience. If lazy do not apply. Send resume to
American Television Service, 1032 South State,
Orem, Utah 84057. 12-76-1t

BUSINESS OPPORTUNITY

TV SALES & SERVICE in same location 15 years.
Nets over $25.000 Retinng. Including truck,
equipment & inventory $25000. A Bolin, 6361
Baisam Lake, San Diego. Ca. 92119 6-76-1f

TIRED OF CUSTOMER ABUSE? Expand into
lucrative patented MATV. Preliminaries $3.00.
Box 809, Boynton Beach, FL 33435. 10-76-6t

STEREO REPAIR ORGANIZATION needs new
owner. Including equipment, inventory, estab-
lished clientele, excellent opportunity in audio
field. Box 1941, lowa City, lowa 52240. 12-76-1t

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

schematic and self-addressed-stamped envelope

and $3.00 cash or M.O. (NO checks) to Hart, Box

2041, Downey. CA 90242. Results Guaranteed.
10-76-tf

LEARN ABOUT THE DEVELOPMENT of wireless
and early broadcast in RADIO AGE, $7.50 per
year for 10 issues. Radio Age, 1220 Meigs Street,
Augusta, Georgia 30904. 12-76-1t

FREE—Giant bargain electronic catalog, listing
thousands of components, tubes, transistors,
IC's, kits, test equipment. Edlie’s, 2700-EC,
Hempstead Tpke., Levittown, N.Y. 11756. 8-76-3t

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

INCREASE SERVICE PROFITS & Collect In
Advance. Service Contract Manual. Practical
Home Electronics Service Business Manual. Each
Manual $12.50, both $22.00. NATESA, 5906 S.
Troy St., Chicago, II. 60629. 11-76-3t

UNUSUAL SURPLUS AND PARTS Catalog. $1.
ETCO Electronics, Dept. E.S, Box 741, Montreal
“A" H3C 2v2. 7-76-10t

PHOTOFACT 900 THRU 1473, AR Series 18 thru

173, TSM Series 24 thru 153. Some test
equipment. Francis McCray, Elgin, Pa. Phone
814-665-0561. 12-76-1t

SELL OR TRADE: Riders radio and television
manuals, antique tubes-00A-01A-7 VOLTS-12
VOLTS-6S7-6W&G-G2S-874-12FR8-25B88-70L7-

70A7-FM1000-and 117L7. Goodwin Radio Shop,
Rankin, 111. 60960. 12-76-2t

REPLACEMENT COLOR YOKES-DEALERS ONLY
Zenith 95-2501-2532-2638-2667-5-89633 etc. 14.95,
Magnavox 361380-1 18.95, Syivania, 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-tt

FOR SALE—P.F. Reporter & Electronic Servicing

1951 to present. Most copies. Make offer. Bill

Oliver TV, 2223 Dana St., Toledo, Ohio 43609.
12-76-1t
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Don't hurt the
one you love.

Every three seconds some-
body gets hurt or killed by an
accident, and we’d hate to see
it be you.

So please take time to be
safe,

And watch yourself,

National
Safety (3
Council "

If you don’t like thinking about safety,
think where you'd be without it.

www americanradiohistorv com

ELECTRONIC SERVICING



THE CB SERVICE MONITOR
BY MEASUREMENTS

MODEL CB 27E
$495.00*

Low-cost, rugged, portable instrument for accurately checking,
trouble shooting and aligning Citizens Band Transceivers
operating in any of 40 Channels presently assigned.

® Phase-locked loop circuitry referenced to ‘‘AT’’ cut
crystal.

® Monitor and transmitter are both protected against
overloading if transmitter is accidently keyed.

® Provision for adding future channels.
@ Built-in transmitter power meter.

@ Built-in speaker monitors transmitter frequencies down to
zero-beat and provides on-the-air voice evaluation.

Write or call for additional information. *F.0.B. Manchester, N.H.

‘ McGRAW-EDISON COMPANY
l"" il Edison Electronics Division

Grenier Field Municipal Airport, Manchester, N.H 03103
(603) 669-0940 « TWX 710-220-1747

For More Details Circle (2) on Reply Card

www americanradiohistory com
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No. 240CB-3
Metal Display Stand

No. 80CB-1
Metal Display Stand

No. 240CB-4

‘ No. 80CB-2
Plastic Display Box

Plastic Display Box

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

Now . . . four new BUSS--fusé€ assortments
exclusively designed with replacement fuses to
service most Citizen Band Radios — offering a
whole-new area of opportunities for increased
profits.

Two assortments contain 48 — 5 in metal boxes
(240 fuses). BUSS No. 240CB-3 fuse -assortment
comes in a handy metal display stand. BUSS No.
240CB-4 fuse assortment is packed in a compact
plastic display box.

In addition, there are two fuse assortments con-
taining 16 — 5 in metal boxes (80 fuses). BUSS
No. 80CB-1 fuse assortment packed in a metal
display stand and BUSS No. 80CB-2 fuse assort-
ment in a plastic display box.

Both BUSS fuse assortments contain a careful
selection of the most popular fuses used in CB
radios.

CB dealers can now have the fuses they need in
a neat complete package to service all their
customers fuse needs.

For full fuse assortment details, write for BUSS
Bulletin CBA.

SUPPLIED THE ECONOMICAL WaY

BUSSTTUSES

THE QUALITY LINE

www americanradiohicstorvy com
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