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Our hot ones are the last to go.

The last thing you need is to be
called back a day or two after you’ve
replaced the sweep or high voltage
tubes in somebody’s color TV.

But, they’re usually the first to go.

Because they get so hot.

Sowe figured outhow to cool them.

Now, they last a lot longer.

Take our 6JE6C/6LQ6, for ex-
ample. It’s the horizontal deflection
tube that takes such a beating when
the set gets hot.

Well, we’ve given it special patent-
ed radiator fins that first absorb the
heat and then radiate it out of the
tube.

Nowitruns cooler and lasts longer.

Same for our 6JS6C.

Or take our 6BK4C,/6EL4A.
That’s the shunt regulator that elim-
Inates runaway high voltage. We gave
this one a whole new anode and
shield design to improve heat transfer
and stability.

Circle 3 on literature card

Now it also runs cooler and lasts
longer.

Or take our 3A3B high voltage
rectifier. This one’s got leaded glass
for added protection. And it lasts
longer too.

So next time you have to replace
any of the hot ones, just cool it.
You’ll both last longer.

SYLVANIA

GENEFAL TELEPHONE & ELECTRONICS
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Do you want the
same things
Dick DeVroeg wants in capacitors?

Then you'll ask for
Sprague Twist-Lok’ Capacitors when
you need twist-prong electrolytics.

As manager of S&R TV in Lake Forest, lllinois, Dick DeVroeg
knows the importance of using quality components.

The 8-man S&R organization has built a name for itself in
northern Chicago suburbs over the past 18 years.

To maintain our reputation in servicing everything in electronics,”
Dick says, "“we just can’t compromise on dependability.

That's why we prefer Sprague Twist-Lok Capacitors.”

Ask your Sprague distributor for a copy of Sprague’s
Electrolytic Capacitor Replacement Manual K-109 or write to:
Sprague Products Company, |05 Marshall St., North Adams, Mass. 01247,

e e G

P.S. You can increase your business 7%2% by participating
in EIA’s “"What else needs fixing?’’ program. Ask your THE MARK OF RELIABILITY

distributor or write to us for details.
Circle 4 on literature card
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MATCHING
TRANSFORMER

INPUT-SPLITTER

Combining the fea-
tures of an 82-Channel
Matching Transformer, the \
new UV-2 separates the UHF &
and VHF signal of a 75 ohm coax
lead-in into two 300 ohm receiver
inputs. Maximum isolation
between terminals is assured.
Solderless connections
ease-of-installation.

Write Dept. 168 for FREE detailed brochure

Ms/aq astrom®s
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4610 N, Lindbergh Blvd.,
Bridgeton Missouri 63042

A NEW TOOL FOR CLEANING
CONTROLS OF TV AND AUTO RADIOS

TH RU FRONT PANELS
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MODEL NO. WL
PACKAGED WITH 3 OZ. AEROSOL
LUBRITE. DEALER COST $2.67

MANUFACTURED B8Y
WORKMAN ge)&ﬁu

SARASOTA FLORIDA [ PRODUCTS INC
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RCA Inboard Warranty Labor Nationwide in Year

RCA will expand its inboard warranty labor pro-
gram nationwide within a year, possibly by Jan. 1,
1971, according to a recent report in Merchandising
Weck (MW),

This information reportedly was obtained by the
MW cditorial staff while covering the closed-door
manufacturer-dealer relation sessions at the 1970 con-
vention of the National Alliance of Retail Dealer As-
sociations (NARDA), held in the Grand Bahama Is-
lands in April.

RCA has been conducting pilot tests of inboard war-
ranty labor in Indianapolis and on the West Coast.

Motorola Bows Out of Color CRT Business

Motorola’s color picture tube manufacturing fa-
cility in Franklin Park, Il has been closed down and
the machinery, cquipment and some other assets sold
to General Telephone & Electronics International Cor-
poration, parent company of Sylvania.

The “depressed color TV market” was given as the
rcason for Motorola’s withdrawal from color CRT
manufacturing.

Sylvania Introduces Solid-State High-Voltage
Unit For Color TV
A solid-state, high-voltage multiplier, designed to
replace tube-type, high-voltage sections in color TV

receivers, has been developed by Sylvania Electric
Products Inc.

The solid-statec assembly, shown here, reportedly
consists of diodes and capacitors in an epoxy enclos-

ure, and operates without an external shunt regulator
tube.

Vertical Interval Reference Signals Being Tested
For Possible Improvement of Color Uniformity
Better color uniformity on home color tclevision re-

ceivers might be achieved through use of Vertical In-
terval Reference signals by broadcast stations, if ex-



TUNER SERVICE CORPORATION

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

TUNER REPAIR

VHF Or UHF Any Type $9.75.
UHF/VHF Combo $15.00.

In this price all parts are included.
Tubes, transistors, diodes, and nuvistors
are charged at cost.

Fast efficient service at our 4 con-
veniently located service centers.

1 year guarantee backed up by the
largest tuner manufacturer in the U.S.—
SARKES TARZIAN INC.

All tuners are cleaned inside and
out, repaired, realigned and air tested.

TUNER REPLACEMENT

Replacement Tuner $9.75.

This price buys you a complete new
tuner built specifically by SARKES TAR-
ZIAN INC. for this purpose.

The price is the same for every type
of universal replacement tuner.

Specify heater type

Parallel 6.3V
Series 450 mA
Series 600 mA

All shafts have the same length of 12”7,

Characteristics are:
Memory Fine Tuning
UHF Plug In
Universal Mounting
Hi-Gain Lo-Noise

If you prefer we’ll customize this
tuner for you. The price will be $18.25.
Send in original tuner for comparison pur-
poses to our office in INDIANAPOLIS,
INDIANA.

FACTORY-SUPERVISED TUNER SERVICE

TSII ' TUNER SERVICE CORPORATION
U

MIDWEST. . . .. 817 N. PENNSYLVANIA ST., Indianapolis, Indiana . . . . . TEL: 317-632-3493
EAST. . ...... 547-49 TONNELE Tcg.e,o.;’:res)ey City, New Jersey .. ... TEL: 201-792-3730
SOUTH-EAST . .938 GORDON ST., S. W., Atlanta, Georgia . ........ TEL: 404-758-2232
WEST........ SARKES TARZIAN, Inc. TUNER SERVICE DIVISION

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

Circle 7 on literature card

June, 1970/ELECTRONIC SERVICING 5



Quick-connect
Fuseholders and
FuseDlocks

The complete line of
BUSS fuseholders and
fuseblocks is available
with quick-connect term-
inals to save assembly
time and cut costs. Write for BUSS Form SFB

Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107

INSIST ON

SUPPLIED THE ECONOMICAL WAY
' THRU DISTRIBUTORS

pectations of the Broadcast Television Systems Com-
mittee of the Electronic Industries Association (EIA)
are realized.

The Committee, chaired by Bernard D. Loughlin,
vice president for research, Hazeltine Corporation, is
planning preliminary field tests of VIR signals in the
near future. Upon completion of the tests, an EIA
engineering report will be issued and made available to
all interested pcrsons.

VIR signals would provide broadcast stations with
a constant color refercnce to confirm, before the sig-
nal is broadcast, that the chrominance-to-luminance
ratio is correct and that the color burst represents a
proper reference for both the phase (tint) and ampli-
tude (saturation) of the chrominance signal.

Several variants of the VIR signal will be tried dur-
ing these preliminary tests. The signal contains chro-
minance, luminance, and black-level references, and
is proposed for Line 20 during the vertical interval
just before the start of picture information. Tests will
start with the signal on both fields, although some tests
with the signal on one field only also are planned.

Engineering Departments of the broadcasting net-
works have actively participated in efforts of the
EIA broadcast committee to develop the signal format
and the plans for field tests, according to Mr. Lough-
lin. Present planning calls for local on-air tests in the
New York City area to be run before early June, with
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network tests scheduled for completion early in July.

The EIA broadcast committee also is considering
the broader question of whether any changes in tele-
vision broadcast signal specifications are appropriate
in order to assure better color uniformity. Such con-
siderations involve items beyond the VIR signal, and
some of the additional considerations include: The
advisability of tightening up tolerances on sync and
burst timing specifications; and the possible need to up-
date specifications regarding gamma, primaries, and
reference white.

RCA Service Adds Another Center

RCA Service Company plans in July to open a ser-
vice center in the Oakland Ridge Industrial Center
of Columbia, Maryland.

The new facility, like other RCA Service Company
facilities, will provide service for all home entertain-
ment electronic products.

Columbia is located midway between Baltimore and
Washington, D. C.

FM Radio Penetration Increases in 1969
The FM share of the radio market continued to
grow in 1969, according to statistics compiled by the
Electronic Industrics Association (EIA) Consumer
Products Marketing Service.
FM penetration of Tetal U.S. Radio Sales, includ-
ing Auto Radio, rcached a record 46.1 percent in 1969,

Available in sizes from % to 1000 amps for voltages up to
1500, TRON Rectifier Fuses are ideal for protecting variable
speed drives, inverters, battery chargers, plating power sup-
ples, power controls, and INSIST ON

any other application suvv.ut'pu:‘:( l;t;x:;ﬁ:l'%::swn

where fast opening and

great current limitation
are required.

Write for BUSS Form TRFS
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107
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FUSES

for protection ot Electronic Devices

There 1s a complete line of BUSS Quality fuses in Y x 1 inch,
Y, x 1Y inch, and miniature sizes, with standard and pigtail
INSIST ON

SUPPLIED THE ECONGMICAL WAY
°  THRU DISTRIBUTORS

types available In quick-
acting or dual-element

slow blowing varieties.

Write for BUSS Form SFB
Bussmann Mfg. Division, McGraw-Edison Co., St. Louis, Mo. 63107

up from 39.7 percent in 1968 and 33.6 percent in
1967.

The FM share of total home radio sales in 1969
passcd the 50 percent mark for the first time, reach-
ing 55.3 percent of the record 41,476,000 sets sold.
This represents a stcady growth from 49.6 percent in
1968 and 40.3 percent in 1967,

Auto FM radio sales also showed a stcady pene-
tration growth from 9.9 percent in 1967 to 10.9 per-
cent in 1968 to 14.0 percent in 1969,

1969 1968 1967

Total

Sales FM % % %
Table 4,681 2,280 483 519 423
Clock 7,801 4,121 52.8 33.0 262
Portable 26932 14,504 53.8 483 386
Total 39,414 20,905 53.0 464 36.7
TV /Phono/

Comb. 214 214 100.0 100.0 100.0
Radio/Phono/

Comb, 1,848 1,848 100.0 100.0 100.0
Home Total 41,476 22,967 553 496 403
Automobile 11,939 1,677 14.0 10.9 9.9
Total 53,415 24,644  46.1 39.7 33.6

CATV Feeds 6.4% of U.S. TV Households
Cable TV (CATV), as of Nov., 1969, was con-

Fuseholders of Unquestioned High Quality

nected to an estimated 3,728,880 homes, or 6.4 per-
cent of all U.S. TV households, according to A. C.
Niclsen, a rescarch and inquiry service company.
Nielsen estimates that the rate of growth of CATV
from spring to fall, 1969, was 6.7 percent, and erratic.

West Coast Retail Chain Sells 6-Year Warranty
on B-W and Color CRT’s
A six-ycar warranty on black-and-white and color
picture tubes is being offered for $7 and $12, respec-
tively, by Handy Andy, a West Coast retail home en-
tertainment and appliance chain, according to a report
in Home Furnishings Daily.

The warranty reportedly is prorated after the manu-
facturers’ standard warranties and does not cover la-
bor for replacement of the CRT.

Sylvania Appoints Northwest Distributor

Sylvania Electronic Components, an operating
group of Sylvania Electric Products Inc., has ap-
pointed Cramer Electronics of Redwood City, Calif.,
as a franchised distributor in the Pacific Northwest.

Cramer Electronics will distribute Sylvania receiv-
ing tubes, TV picture tubes, semiconductor devices,
and special electronic products in northern California,
Oregon and parts of surrounding states. A

Subminiature
Fuses and
Fuseholders

A
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BUSS has the fuses and fuseholders for space-tight applica-
tions, in a wide range of ampere ratings from 1/100 to 15.
INSIST ON

SUPPLIED THE ECONOMICAL WAY

Allow visual inspection of
element. Tiny but tough,
they’re built to withstand
severe environments.

THRU DISTRIBUTORS o

Write for BUSS Form SFB
Bussmann Mfg. Division, mMcGraw-Edison Co., St. Louis, Mo. 63107
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Opposed To Technician Licensing

I have been hearing lately a lot about the licensing
of television service men. I think it is one of the most
worthless ideas that has ever come along.

Licensing will not solve any existing problems. It
has not stopped doctors or lawyers who want to cheat
the public from doing just that, and it will not stop
service men who want to do the same thing. Licensing
will, however, add an extra burden on the already
overburdened television repairman.

I think it is ridiculous to think any television techni-
cian could start a profitable business without at least
three years of schooling. Once a television repairman
has graduated from his particular school, he is not
concerned with theory, which technician licensing
would require. He is more interested in and concerned
with troubleshooting and time-saving techniques for
repairing consumer electronic products. I think if a
service man could pass strict licensing tests, which are
based on a great deal of theory, he would be engineer
material and should look for an engineering position.
It is not necessary to have a deep knowledge of theory
to fix a television.

Since the service business already is hurting from
a shortage of technicians, preparing for licensing tests
will only take more of the technician’s valuable time
—time he needs to study troubleshooting literature.

Color and solid-state devices will, in time, take care
of your so called part-timers and fly-by-night organ-
izations. This will accomplish what licensing is sup-
posed to do, leaving only top-grade technicians.

I think the problem is this: People are being
cheated, and someone wants to stop it. However,
cheating does not pertain only to the television busi-
ness. It pertains to every business in the United States
today. 1 feel the proper thing to do is to educate the
public. If the people would think twice before taking
their televisions, etc., to the fly-by-night organizations,
they would not have to worry about being cheated.
Let's put out pamphlets and advertise established
service company names. Let’s also print brochures
for the public containing information on what to ex-
pect from their service man. By doing this, the public
would be well informed. If they then took their sets
to a part-timer, they would know what to expect and
have no one to blame but themselves.

Joseph F. Sgarlat, Jr.
Forty Fort, Pa.

Business Opportunity
I have an excellent business here in South Georgia.
The people are friendly and the climate is very plea-
sant, but the time has come for me to step down, be-
cause of age.
It would be an excellent venture for one or two

8 ELECTRONIC SERVICING/June, 1970

younger men to take over. It is fully equipped and has
been well established over the past 21 years in this
same location. It includes: large shop, modern 3-bed-
room home, all on approximately 1 acre of land with
large front to a US highway.

We have enjoyed your publication for many years;
in fact, we plan to stay on the mailing list for some
time to come, so that we can keep up with the new
things as they come out.

William H. Reynolds, Sr.

Emerson Park TV & Electrical
Appliance Service Co.

R.F.D. 3, Box 217

Waycross, Ga. 31501

Back Copies
I have copies of PF Reporter in A-1 condition from
Tanuary 1960 to February 1970 available to anyone
who would be interested in them at a very fair price.

Harry A. Yenney
1819% Fremont Ave.
S. Pasadena, Calif, 91030

Manufacturer’'s Numbers On PHOTOFACT's
Why are the component numbers on PHOTOFACT
schematics different from those assigned by the man-
ufacturer?
I. R. Racine
South Burlington, Vt.

(Mr. Racine, T have forwarded vour question to the
manager of the PHOTOFACT division of Howard W.
Sams & Co., Inc,, Joe Groves. Following is his reply: )

We have been using manufacturers’ item numbers
in PHOTOFACT, starting with our coverage of the
Philco-Ford TV in Sct 1032,

Unfortunately, the reason we were unable to do
this carlier stemmed from the wide variety of com-
ponent identification numbers used by manufacturers,
and limited art techniques which would permit high-
volume output as required by PHOTOFACT to satis-
factorily reproduce the wide range of numbers. How-
ever, as technology advanced we were able to imple-
ment this into our PHOTOFACT format.

Probable Causes of Excessive Brightness
in Zenith Chassis

I have a suggestion concerning Ed Anderson’s
question about excessive brightness in a Zenith
23XC3S chassis, which appeared in the Trouble-
shooter department of the March 1970 issue of ELEC-
TRONIC SERVICING.

It has been my experience that the above problem
is probably caused either by «a defective L21, Zenith
part No. 20-2710 luminance boost coil, or by a de-
fective X12, Zenith part No. 212-77 silicon diode.



“My shop’s been loaded since I got my
FCC License... and I could kick myself
for not getting it sooner. I'm pulling in
all kinds of mobile, marine and CB
business that I couldn’t touch before;
have even had some calls to work on
closed-circuit television. I've hired two
new men to help out and even with
them, I'm two weeks behind.”

And so it goes. Once you have that
FCC ticket, you open the door to all
kinds of new business. And that’s not
all. The knowledge you need to pass the
FCC exam gives you a fundamental
understanding of a// electronics. You’ll
find you can do more work in less time
...work on almost any kind of elec-
tronics gear.

What’s the best way to get a Com-
mercial FCC License...and still keep
up with your work? Thousands of men
will tell you, “Cleveland Institute of
Electronics.”

Men like August E. Gibbemeyer, for
example. He was in radio-TV repair
work before studying with CIE and get-
ting his 1st Class FCC License. Now,
he writes, “We are very happily in the
marine and two-way radio business...
servicing police and fire departments
in three communities, as well as cab

companies...and our trade has grown
by leaps and bounds.”

Ed Dulaney is another example. He
started his own part-time service busi-
ness after training with CIE and pass-
ing the FCC License exam.This worked
out so well that he then opened a full-
time business. Today, he reports, “I
manufacture my own two-way radio
equipment, with dealers who sell it in
seven states, and have seven full-time
employees.”

CIE has been preparing men like
these for FCC License exams since
1934, What’s more, CIE backs its
Home-Study Licensing Programs with
this remarkable money-back offer:

A CIE home-study FCC License course
will quickly prepare you for a Com-
mercial FCC License. If you fail to pass
the FCC examination after completing
your course, CIE will refund all your
tuition. You get an FCC License...or
your money back!

And only CIE offers you new, up-to-
the-minute lesscns in all these subjects:
Advanced Troubleshooting Tech-
niques, How Tc Work With Transistors,
Microminiaturization, Pulse Theory
and Application, and many more.

Send bound-in postpaid card today
for CIE’s FREE informative book
“How To GET A CoMMERCIAL FCC
LiceNskE.” With it, we’ll include a sec-
ond FREE book, “How To SUCCEED
IN ELECTRONICS.” If card is missing,
use the coupon below. Cleveland Insti-
tute of Electronics, 1776 East 17th
Street, Cleveland, Ohio 44114.

NEWS FOR VETERANS: New G.I. Bill may en-
title you to Government-paid tuition for CIE
courses if you had active duty in the Armed

Forces after Jan. 31, 1955. Check box in cou-
pon for complete information.

___________________ -
| o= .
1 CIE !
| Cleveland institute of Elaectronics :
1776 East 17th Street, Cleveland,Ohio 44114
| i
ease sen ook, ow To Ge
Pi d FREE book, “H To Get A |
ommercia icense. so include your
| € 1 FCC L " Al lud |
| second FREE book, ‘‘How To Succeed In Elec- |
| tronics.” |
| |
| Name : Age___ |
i (Please Print) |
| Address :
|
: City I
| state Zip ||
| [ veterans check here for Gl Bill information
]
‘ e Accredited Member National Home Study Council l
| @ A Leader in Electronic Training ... Since 1934
R |
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June, 1970/ELECTRONIC SERVICING ||



Usually I have found coil L21 open.
I hope this of some Dbenefit to your readers.
Louis E. Peck
Pleasure Ridge Park, Ky.

Help Needed
I need information on a Grundig record player
Modecl Mandello-b 5263 HE. I need a cross reference
on the EAF-801 tube and on the cartridge or needle,
which has the number AG 3306 AHDT or AG 3310
AHDT. This model is not listed in Sam’s PHOTO-
FACT’s, and a letter to Grundig in New York came
up with the information that they did not import that
model.
Any help would be greatly appreciated.
Donald C. Treece
Don’s Electronic Service
Route #3
Kahoka, Mo. 63445

I have the instruction manual for a Mohawk Midge-
tape tape recorder Model BR-1 manufactured by the
Mohawk Business Machines Corp., but the manual
mentions no battery numbers or values. I have ex-
hausted all sources of information, including the com-
pany itself, PHOTOFACT, Supreme and myself. I
would appreciate any information on this tape re-
corder, and I also would like to obtain some spare
cartridges.

Frank O. Stratman
Box 264
Dresden, Ohio

I have been using a Hickok Model 820 Tube Caddy
Pal, which is a combination VIVM and a tube and
transistor checker, for some years. Through use, the
chart has become frayed and, finally, useless. I have
written the Hickok company, but they cannot supply
me with another chart. Perhaps one of your readers
will be able to help me.

Edward Lambert
1339 Princess Ave.
Camden, N.J. 08103

We have a Kaye-Halbert Model 6265 stereo AM/
FM tuner and record player combination in the shop
and need the schematic and service data on this set.
If any readers have a schematic, we would be glad
to buy it. Thank you for your help.

Fred ]. Harold
2815 NE 53rd Ave.
Portland, Ore. 97213

I recently acquired a Jr. Beamer Model CB-TTN
CRT tester made by Raytronic Laboratories, Inc. of
Cincinnati, Ohio. However, it is my understanding
that they have gone out of business. I have been un-
able to obtain either a schematic or operating in-
structions for this tester.

I would greatly appreciate any information anyone
could give me on this instrument, or how I could ob-
tain this information.

Dale C. Houser
6808 Vienna Court
Springfield, Va. 22150 A

e e
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Your caddy is the only
caddy our tubes fit.

Because we market our tubes only
through you—the independent
serviceman.

We don’t have service trucks or i
retail outlets. Our tube caddies
are available only to you.

You see, we're independent too—
the largest independent tube
supplier in the business. We have
to cooperate with you—not |
compete. Because we depend on
you just as you depend on us.
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Now a Heathkit
Solid State Vectorscope/Color Generator

Only $124.95

 HEATHXIT

INTENSITY
PULL FOR POWER ON

VERY. POSITION
ASTIGMATIIN

VECTORSCORE
MODEL IGO0

DISPLAY

3 Lo

RED GBUN BLUE GUN GREEN QUN

@ ]

NORMAL “SHMORY NORMAL SHORT NORMAL HORY

Accurately Performs All Of These Adjustments: » 3.58 MHz Oscillator

e Raster ¢ Reactance Coil

 Static & Dynamic Convergence e Phase Detector Transformer
o Purity e Demodulator Angle Check

« Gray Scale e Chroma Bandpass Touch-Up

Kit 10-101, 121bs.. . . .......... il ..$124.95*

Fast switch selection of standard 9 x 9 display . . . or exclusive Heath “3 x 3" display

J - T
Color Dot | Horizontal i)3x3 3x3
Bars Pattern Bars Color Bars Horizontal
4
o Shading szEsrzx! Cross Vertical @ 3x3 3x3 3x3
yRasaas®® Bars = =21 Hatch Bars = |Shading Cross Hatch Vertical
fExraxey LT ¥
\® 25300 0 0 A0 E ™"
10-101 SPECIFICATIONS — PATTERNS — Purity: Produces a snaw-free raster for purity Rt e e ——

HEATH COMPANMY, Dept. 25-6
Benton Harbor, Michigan 49022

[0 Please send FREE Heathkit Catalog
[ Please send 10-101 Specification Sheet

adjustments. Dots*: 9 x 9 produces a display of 110 smal! dots. 3 x 3 produces a display of nine
dots for convergence adjustments. Crosshateh*: 9 x 9 produces a display of 11 vertical ond 10
horizontal lines. 3 x 3 produces a display of three vertical and three horizontal lines for con-
vergence and lineority adjustments. Horizontal Lines*: 9 x 9 produces a dispiay of 10 horizontol
lines. 3 x 3 produces a display of three horizontal lines for vertical linearity and pin-cushion
adjustments. Vertical Lines*: 9 x 9 produces 11 vertical lines. 3 x 3 produces a display of 3 vertical
tines for harizontal linearity and convergence adjustments. Color Bars*: 9 x 9 produces a display
of ten standard calor bars. 3 x 3 produces a display of three stondard cclor bars. A visual finger-
print {voltage pattern) of all ten color bars in the form of a petal pottern is displayed for color
circuit servicing. Gray Scale: Provides o wide bar crosshatch paitern with six shades of bright-
ness for color gun level odjustments. OUTPUT SIGNALS — Video: Greoler than =1 volt peak-
to-peak composite signal for composite signal injection beyond the video detector. RF: Varioble

a Schlumberger company

O Enclosed is § plus shipping.
Please send Model 10-101

to approximately 25,000 uV output, channels 2 through 6, for composite signal injection into the Address

TV receiver antenna input terminals. Sync: Greater than 3.5 volts peak-to-peak signal for servicing

sync circuits without video, or sets hoving separate video and sync demodulator phase odjust- Cit State zZi
ments. GENERAL — Power Requirements: 105-125 or 210-250 VAC, 50/60 Hz, 20 Wotts. y p
Cabinet Dimensions; 6347 W x 9347 H x 1414” D. Net Weight: 914 [bs. Prices and specifications subject to change without notice.

*The number of dots, lines, and bars indicated for a 9 x 9 disploy is the number displayed if the I *Mail Order Prices, F.0.B. Factory TE-222
receiver under fest has no overscan. — e
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Consumer electronic
servicing—a look at
where it's heading

Comparisons of statistics from a variety of reliable sources reveals
past trends that, for the most part, are continuing today. by J. w. Phipps

® Number of electronic service establishments
decreased

@ Total annual receipts increased

® Shops with employees received bigger chunk of
business

® Increases of prices charged for TV servicing lagged
behind the increase in cost of doing business

® Margin of profit decreased

® Number of technicians employed increased

These and other trends of the consumer electronic
servicing business over the four year period 1963-
1967 have been detected by comparing statistics from
a number of sources, including the 1963 and 1967
Census of Business, compiled and published every four
years by the U. S. Department of Commerce. Because
of the complexity of gathering and cross checking
information from a number of sources, the Census of
Business usually is not ready for release until two
or three years after the report year. The 1967 Census
of Business was released in March of this year.

Although most of the following statistics and trends
relate directly to the four year period 1963-1967, this
writer, with only one exception, has uncovered no fac-
tual information that indicates these trends have re-
versed. In fact, some of the trends seem to have accel-
erated. The one exception is the typical hourly pay of
technicians, which our studies indicate has improved
significantly, but still falls short of the hourly pay of
most other skilled trades.

The following statistics are compiled from the 1963
and 1967 Censuses of Business, unless otherwise
indicated.

14 ELECTRONIC SERVICING/June, 1970

Statistics 1963-1967
® NUMBER OF SERVICE ESTABLISHMENTS
DECLINED—The total number of shops servicing
home entertainment and communications electronic
products decreased 23 percent.

1963 43,208
1967 33,063
Decrease 10,145 (=23%)

® NUMBER OF ONE-MAN SHOPS DECREASED
MORE THAN NUMBER OF SHOPS WITH EM-
PLOYEES—The total number of one-man shops de-
creased 29 percent, compared to only 2 percent de-
crease of shops with employees. In 1963, one-man
shops represented 80 percent of the total service
establishments. By 1967, this percentage had decreased
to 75 percent.

ONE-MAN

SHOPS WITH
EMPLOYEES SHOPS
1963 8,713 34,495
1967 8,549 24,514
164 (-2%) 9,981 (-29%)

Decrease

® ANNUAL TOTAL RECEIPTS INCREASE—The
annual total receipts, or gross income, of the servicing
industry increased 11.8 percent.

1963 $628,485,000
1967 $702,912,000

$ 74,427,000 (11.8%)

Increase

e NUMBER OF SETS IN USE INCREASED-—-Ac-
cording to statistics compiled and published by the
Consumer Products Division of the Electronic Indus-
tries Association (EIA), the total number of home and
auto radios, monochrome and color TV’s and phono-
graphs in use increased 34 %.

1963 $496,600,000
1967 $667,100,000

Increase $170,500,000 (34%)



® TOTAL ANNUAL GROSS INCOME OF SHOPS
WITH EMPLOYEES INCREASED, WHILE THAT
OF ONE-MAN SHOPS DECREASED — The total
annual receipts taken in by shops with employces
increased 35%; total receipts for one-man shops
declined 21%.

RECEIPTS RECEIPTS
SHOPS WITH ONE-MAN
EMPLOYEES SHOPS
1963 $380,939,000 $257,546,000
1967 $500,390,000 $202,522,000

Increase $129,451,%6 {(35%) Decrease $ 55,024,000 (—21%)

® AVERAGE ANNUAL GROSS INCOME OF
SHOPS WITH EMPLOYEES INCREASED MORE
THAN THAT OF ONE-MAN SHOPS—Thc average
annual receipts taken in by each shop with employecs
increased 14 percent, 3 percent more than the increase
realized bv one-man shops.

AVG. RECEIPTS AVG. RECEIPTS

SHOPS WITH ONE-MAN
EMPLOYEES SHOPS
1963 $42,573 $7,466
1967 $58,531 $8,261
Increase $ 5,958 (14%) $ 795 (11%)

% of 1957-1959

\

® NUMBER OF EMPLOYEES OF SERVICE
SHOPS INCREASED—The total number of personnel
employed by service shops increased 18 percent, in-
creasing the average per shop 17%.

SHOPS WITH AVERAGE

TOTAL
EMPLOYEES EMPLOYEES PER SHOP
1963 8,713 25,012 29
1967 8,549 29,415 34

160 (=2%) 4403 (+18%) 5 (+17%)

® AVERAGE ANNUAL SALARY OF SERVICE
SHOP EMPLOYEES INCREASED — The average
annual salary paid employees of service shops increased
34%.

1963 $3,967

1967 $5,326
Increase $1,359 (34%)

More of Total Business Is
Being Done By Larger Shops

The precceding statistics indicate that receipts taken
in by onc-man shops in 1963 represented only 41%

Comparative Price Index

Awer e 1953-1969
170%,
1609/, 1=t
Source: U.S. Dept. of Labor
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of the total dollar-volume of electronic servicing that
year. By 1967, this percentage had dropped further,
to 29%.

® IN 1963—20 PERCENT OF SHOPS (THOSE
WITH EMPLOYEES) WERE DOING 59 PERCENT
OF THE TOTAL ANNUAL BUSINESS

® IN 1967—25 PERCENT OF SHOPS (AGAIN,
THOSE WITH EMPLOYEES) WERE DOING 71
PERCENT OF THE TOTAL ANNUAL BUSINESS.

1967

Service receipts, shops with employees
Service receipts, shops with employees

$500,350,000 71%
202,522,000 29%

$702,912,000 100%

Large Gap Exists Between The
Increase of Sets in Use And The Increase

In The Dollar Volume of Business

One measure of the potential of the consumer elec-
tronic servicing business is the number of scts in use.
Between 1963 and 1967, the total number of mono-
chrome and color TV sets, home and auto radio and
phonographs increased from 496.6 million to 667.1
million, or 34 percent. During the same period, the
total annual dollar-volume of the consumer electronic
servicing business increased by only 11.8%. The dif-
ference between the increase of sets in use and the
increase in dollar-volume of the clectronic service busi-
ness is 22.2 percent.

A portion of this difference can be attributed to
reduced incidence of the need for servicing, brought
about by the switch from tube to solid-state design
of b-w TV and audio equipment, which occurred im-
mediately before and during the four-year period being
analyzed.

HOURLY PAY OF UNION BUILDING TRADES—JULY, 1969

Trade Average Range

Bricklayers $6.14 $4.40-$7.16
Carpenters 5.84 3.80- 7.20
Electricians 6.10 4.30- 7.35
Painters 5.40 3.25- 6.41
Plasterers 5.75 4.00- 7.00
Plumbers 6.29 4.60- 8.57
Building laborers 4.26 2.07- 5.62
All trades 5:59"  mi Rt (I ol
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Another portion of this difference probably can be
related to the fact that between 1964 and 1967 the
consumer cost of TV servicing actually decreased about
S percent.

However, it is doubtful that either of these two
factors—the switch to solid-state design and reduced
consumer cost of TV servicing—account for more than
half of the difference, leaving the remaining 10 percent
as an actual increase in potential business that was not
converted to service dollars by independent servicers.

Cost of Doing Business Spirals
Up While Consumer Cost of TV Servicing
Actually Decreases

Two indicators of the general trend of the cost
involved in operating a relatively small, personal-
service business are the Consumer Price Index and
thc Wholesale Price Index. An economist of the U. S.
Department of Labor advised ELECTRONIC SERV-
ICING that of these two, the Consumer Price Index,
which covers both goods and services, more closely
reflects the trend of business costs in the consumer
clectronic servicing business than does the Wholesale
Price Index.

During the period 1963-1967, the Consumer Price
Index increased from 106.7 to 116.3, or 9 percent,
while the prices charged consumers for TV service
decreased about 5 percent.

Thus, while the cost of producing TV service in-
crecased 9 percent, shop owners on the average were
charging consumers 5 percent less than they were prior
to this period, producing an effective 14-percent de-
crease in the margin of profit.

During the same period, the costs of all other serv-
ices (except rent) increased 16 percent. As shown by
the accompanying Comparative Price Index chart, in
1967 the consumer cost of TV service lagged behind
the cost of other services by 30 percent.

From 1967 to 1969, the trend not only continued,
but the gap between the cost of producing TV service
and the prices charged consumers widened even more.
By 1969, the cost of doing business (Consumer Price
Index, or general cost of living) had increased 29.5%
above the consumer cost of TV service, which effec-
tively reduced the profit margin of TV shops even
more.

From all indications, the net profit of TV service
shops has continued to decline at an increasing rate
since 1963.

Hourly Pay of Consumer Electronic
Technicians Increases But Still Lags
Behind That of Other Skilled Trades

Comparison of the average annual salary of elec-
tronic service shop employees for the years 1963 and



1967 indicate that it has increased 34% . Because these
statistics cover all employees, including clerical and
other nontechnical help, the exact percentage of in-
crease of technician’s annual salaries is difficult to
determine. However, unless large numbers of non-
technical people were eliminated from shop payrolls
during the four-year period—and this is unlikely—
technician employees did realize a substantial increase
in average annual salary.

But, in comparison to the pay received by other
groups of skilled employees, electronic technicians still
are earning less than the average hourly pay and fringe
benefits of comparably skilled craftsmen. For example,
according to a recent report by the Labor Department’s
Bureau of Labor Statistics, the hourly wage scales of
union building trade workers averaged $5.59 as of
July 1, 1969 (see accompanying table for pay rates
of specific trades). This rate produced an average
annual salary of $11,600, based on a 40-hour work
week. Results of a survey conducted by ELECTRONIC
SERVICING in January, 1969, indicated that 60 per-
cent of the technicians responding made less than $4.00
per hour, or less than $8,320 annually, also based on
a 40-hour work week.

Thus, as of the first half of 1969, 60 percent of
electronic service technicians were receiving 28% less
pay than the average received by union building trade
workers.

The Present and Future

Consumer electronic servicing seems to be slowly
evolving into a “big-business” business. The number
of one-man shops is declining at a substantially greater
rate than are larger shops, and the remaining one-man
shops are receiving a smaller portion of the total annual
gross income of electronic servicing businesses.

Failure to adjust service charges upward to corres-
pond to the increased cost of doing business has further
reduced profit margins to a dangerously slim level that
does not permit:
® a reasonable return on capital (including skill and

knowledge) investment
® adequate compensation of technicians
® sufficient buildup of reserve for necessary purchases

of new types of equipment and replacement of old
@ improvement of efficiency through technician train-
ing programs
® owner or manager participation in management
courses, conventions, and seminars

Although the pay and fringe benefits of consumer
electronic technicians have improved, they still have
not caught up with that of most other skilled trades.
Until they do, a career in servicing consumer elec-
tronic products will not be as attractive to prospective
trainees as one in the other skilled trades, and the
alleged shortage of trainee and skilled electronic tech-
nicians will continue, A

Service Training Schedule

Consumer clectronic service training sessions com-
ducted by TV manufacturers, distributors, service as-
sociations and universities, which are open to all in-
terested consumer clectronic service technicians, are an-
nounced in this column. Send the dates, location and a
brief description of the subjects to be covered to: Ser-
vice Trainingg ELECTRONIC SERVICING, 1014
Wyandotte St., Kansas City, Mo. 64105. All informa-
tion should be submitted at least two months prior to
the date of the training session.

NORTHERN ILLINOIS UNIVERSITY*, Deckalb,
1. 60115:

® ELECTRONIC TECHNOLOGY WORKSHOP,
June 15-August 7, 1970. 8:00 to 10:00 daily. Erwin
Hamm, instructor. (3 scmester hours)

The objectives of this workshop are to update and

enhance electronic technology competency. The em-

phasis will be on the mathematical-physical science
concepts as applied to electrical technology. The con-
tent primarily is for recent graduates of a two-ycar
occupational electronics technology program or in-
dustrial cducation tcachers needing a refresher in
electronics technology. A well-equipped, modern
clectronics technology laboratory is available for
verification of analytical results in addition to IBM

360/50 computer facilities.
® SEMICONDUCTOR AND IC WORKSHOP, Au-
gust 10-14, 1970. 8:00 to 4:00 daily. Goodwin Petcrsen
and Charles McKay, instructors. (1 semester hour)

Beginning with semiconductor devices, this work-

shop leads systematically into integrated circuits and

applications. Each participant works four to five
hours each day at a fully equipped electronics sta-
tion. Staff members are available at all times to an-
swer individual questions. A lecture-discussion pe-
riod preceeds and follows each laboratory session.

*Undergraduates must obtain application forms and permit to register
from the Office of Admissions, Northern Illinois University. Please
write to the Director of Admissions immediately.

New Service Literature

TV TECH AID, Edward G. Gorman, Kings Park,
L.I., New York 11754; printed monthly; yearly sub-
scription $7.95.

A monthly summary of actual color and b-w TV
trouble symptoms, their possible causes and the
cure for each. Where nceded, a schematic of the
circuitry involved is included.

The troubles and cures are grouped according to
manufacturers which, in turn, are listed alphabet-
ically. The format of the publication is designed to
facilitate filing the troubles and cures according to
manufacturer and chassis number—a definite aid
to quicker servicing.
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Step-by-step operation of
a triggered-sweep scope

A review of fundamental operating techniques.

by Robert G. Middieton.

A triggered-sweep scope has
many advanced features in compari-
son to an ordinary service-type
scope. However, the most definitive
characteristic of a triggered-sweep
scope is a start-stop, time-basc gen-
erator (the Schmitt-trigger block in
Fig. 1). Horizontal deflection docs
not start until the leading edge of a
pulse (or other waveform) arrives
through the trigger-input amplificr.

Some of the controls on triggered
scopes arc familiar to technicians
who have been using conventional
service-type scopes. These familiar
controls are:

® Intensity control and “on-off”

switch.

® Focus (and associated astigma-

tism) controls,

INPUT

® Vertical-input attenuators.
® Vertical and horizontal center-
ing controls.

® Vertical calibrator control.

One less familiar control on a
triggered-sweep scope, the time/cm
control (Fig. 2), has the same basic
function as the horizontal-deflection
frequency control on a service-type
scope, except that the stepped scc-
tion of the time/cm control is ac-
curately calibrated, so that cach
centimeter of horizontal deflection
represents a known clapsed time. In
most applications, the continuous
time/cm  (vernier) section of the
control is not used, and is left
snapped into its reference (CAL)
position. (NOTE: The continuous
time/cm function is not calibrated,

so elapsed-time intervals cannot be
measured accurately when this func-
tion is in usc.) The other time base
controls have no parallel in conven-
tional scopes. Their operation and
functions will be explained in the
following step-by-step procedures.

Display of Sine Waves

To display a sine wave on the
CRT screen, connect the output
from an audio oscillator (or cven
a heater line) to the vertical-input
terminals of the triggered-sweep
scope. Turn the scope on, and allow
the unit to warm up. Make pre-
liminary control adjustments as fol-
lows: intensity—minimum; focus—
centered; astigmatism—centered,
vertical attenuator — Y3 of maxi-
mum, trigger selector—AUTO. and
~+ INT. (sec Fig. 3); triggering-level
control—minimum to left (sce Fig.
4); stability control—centered (sce
Fig. 4); horizontal-display control—
NORM. (control is seen in Fig, 4);
time/cm control——centered (sec Fig,
2); vertical-positioning control—
centered (seen in Fig. 2); and hori-
zontal-positioning control—centered
(secn in Fig. 2).

VERTICAL
AMPLIFIER

DELAY LINE

—“'1 VERTICAL

DEFLECTION
T pums

TRIGGER UNBLANK ING RGATH +GATE
CATHODE : uTPYT e EATE
FolloyEr CATHOD CATHODE B
FOLLOWER FOLLOWER
6.3VAC SAWTOOTH SAWTOOTH
HV SUPPLY OUTPUT ouTPUT
CATHODE
Cikd FOLLOWER
HORIZONTAL
DEFLECTION
TRIGGER —— INT. NORM, PLATES
INPUT 1
TRIGGER-INPUT SCHMITT RUL? MICER HORI ZONTAL
AMPLIFIER TRIGGER MRV ERATOH Ly RNV AMPLIFIER
e DIODES CRCUT | o o maAG.
CAL )
oUTPUT
HOLD-OFF
CALIBRATOR S
I EXT. HORIZ

Fig. 1 Block diagram of a triggered-sweep scope.
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Fig. 2 Black arrow points to step time/
cm control; white arrow points to con-
tinuous time/cm control.

Use the AUTO. (automatic) mode
of time-basc operation to start with,
because it is the simplest type of
operation, and because the time
base is free-running. None of the
time-base controls nceds to be ad-
justed in this mode, and sync lock
is automatic. In other words, the
trigger-level and stability controls
(Fig. 4) are inoperative in the
AUTO. mode.

As in the case of a service-type
scope, adjust the horizontal-deflec-
tion rate (time/cm control, Fig. 2),
to display the desired number of
cycles on the screen. The visibility
of a horizontal trace in the absence
of a vertical-input signal and the
automatic synchronization provided
in this mode are very uscful fea-
tures. The chief disadvantage of the
AUTO. mode is that the starting
point of the waveform in the dis-
played pattern cannot be controlled,
nor can a section in a waveform
(such as a color burst) be isolated
for individual display.

AC Triggering Mode
With the same sine-wave vertical
input as before, turn the trigger-
selector contro] (Fig. 3) to its AC
position. Then, advance the stability
control to the right until a stable
pattern is displayed. (In the case of

TIME Bagg

—
lllqgu
THiGGer oyt
Stlecron -
Aure (I’u\ =

Fig. 3 Black arrow points to EXT.-INT.-
Line selector; white arrow points to
mode selector.

a sine-wave pattern, there is a con-
siderable range over which a stable
display is obtaincd.) While turning
the control, the pattern stops run-
ning horizontally and locks in sync.
But if the stability control is turned
too far, the screen suddenly be-
comes blank.

Next, as the triggering-level con-
trol (Fig. 4) is turned back and
forth, observe that the starting point
on the waveform moves up or down
in the pattern. This action is de-
picted for a trapezoidal waveform in
Fig. 5A. It is essential when dis-
playing a waveform for measure-
ment of ris¢ time (Fig. 6).

When the trigger-selector switch
Fig. 3) is set to its —INT. position,
the displayed waveform is shifted
180° in phase; as the triggering-
level control (Fig. 4) is turned back
and forth, the starting point on the
waveform moves up or down in
the pattern, as shown in Fig. 5B.

These level and polarity functions
are used to trigger the sweep at a
desired point in a complex wave-
form, in order to pick out a speci-
fied interval for individual display.

Of course, these basic functions
might not be sufficient when mea-
suring highly complex waveforms,
such as color-bar patterns, in which
case one of the following functions
must be employed.

—n oo
NP
TRIGGER e
SELECTOR
AUTQ INT,
P oy Ac
une /Y“
+

B v svac e

SVABIU" ‘D
GGEIING LEVEl

SCALE ILLUM

Fig. 4 Black arrow points to triggering-
level control; white arrow points to sta-
bility control.

DC Triggering Mode

When the trigger-sclector control
is sct to the DC position, waveform
locking action is much the same as
in the AC triggering mode. How-
ever, there are some important dif-
ferences in details. For example, the
low-frequency response is better in
the DC mode: If the scope will not
lock on a low-frequency waveform,
switch the triggering mode from AC
to DC. Also, the triggering point
now changes on the waveform as
the display is moved up or down
on the screen with the vertical-
positioning control. Therefore, when
using the DC triggering mode, it
might be neccessary to readjust the
triggering-level control after the ver-
tical-positioning control is changed.

Since neither the AC nor the DC
triggering modes are very effective
at frequencies above 5 MHz, a high-
frequency (HF) position also is pro-
vided by the trigger-selector switch.

HF Sync Mode

The use of the HF sync function
is obscrved to best advantage by
feeding to the vertical-input term-
inals a CW signai of approximately
10 MHz from a signal generator.
This is a somewhat simpler function
than the AC or DC modes, because
only the stability control now affects
the locking of the pattern. In other

June, 1970/ELECTRONIC SERVICING 19



\ g

‘TRIGGER LEVEL LOW

\
TRIGGER LEVEL HIGH

(A) Positive slope of input signal used
as trigger (rising interval).

/TRIGGER LEVEL LOW

y TRIGGER LEVEL HIGH

(B) Negative slope of input signal used
as trigger (falling interval).

Fig. 5 Triggered scope waveforms.

words, the triggering-level control is
inoperative when the HF sync mode
is in use,

This mode is very useful when
troubleshooting a short-wave re-
ceiver or transmitter. With it, an
oscillator or amplifier waveform can
be analyzed for significant har-
monics or other types of distortion.

Magnifier Operation

The horizontal-display control is
scen in Fig. 3. When set to its
MAG. (magnifier) position, the hor-
izontal-amplifier gain is increased
five times. Since the trace now oc-
cupies a much greater length, the
intensity control must be advanced
to obtain normal pattern brightness.
(NOTE.: Before the horizontal-dis-
play control is switched back to its
NORM. (normal) position, the in-
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tensity control should be turned
down to avoid the possibility of
burning the fluorescent screen.)
The magnifier function is used
when checking the leading or trail-
ing edges of fast-risc or fast-fall
waveforms, as illustrated in Fig. 6.

Trigger-Signal Sources

External position

In various applications, use of the
EXT. (external) setting of the trig-
ger-selector switch is advantageous,
or even essential. For example, it is
used when separating the color burst
from a color-bar waveform. Thus,
if a sample of the burst signal from
the burst amplifier in a color re-
ceiver is fed to the trigger-input ter-
minal of the scope (Fig. 3), it is easy
to lock in the color burst, even if
the test probe is moved from one

point to another in the chroma cir-
cuits. The appearance of an ex-
panded color-burst waveform is il-
lustrated in Fig. 7.
Line position

When testing in power-frequency
(60-Hz) circuits, the LINE position
of the trigger-selector switch can be
very helpful. Consider the problem
of phase identification: In a three-
phase power-supply system, the
combination waveform (Fig. 8)
shows phase 1 going through its
pcak ncar the beginning of the pat-
tern, phase 2 going through its peak
about one-third down the horizon-
tal axis, and phase 3 going through
its peak about half-way down the
axis. If we use the line sync func-
tion, these rclative pcak positions
will be maintained on the screen, re-
gardless of whether we feed one
phase, two phases, or all three
phases into the vertical-input term-
inals.

Peak-to-Peak Voltage
Measurements

Measurement of p-p voltages is
a simple procedure with a triggered-
sweep scope, because each step of
the vertical attenuator is calibrated
in terms of p-p voltage per centi-
meter (p-p/cm) of vertical deflec-
tion. Although this vertical calibra-
tion is accurate and stable, it is
customary also to provide a [-volt
p-p rcgulated square-wave voltage
for calibration checks. Most techni-
cians prefer to verify the vertical
calibration at wecekly intervals.

The square-wave calibrating volt-
age has a repetition ratc of 1 KHz
in a typical scope. It is not intended
for square-wave testing of audio
amplifiers, or other circuits, because
it has comparatively slow rise and
fall. When square-wave tests are
necessary, it is essential to use a
good-quality generator with fast rise,
For example, the scope used in the
illustrations in this article has a rise
time of less than 20 ns (0.02 us). A
square-wave gencrator used with
this scope for circuit tests also
should have a rise time in the order
of 20 ns.

Low-C Probe
To avoid waveform distortion
caused by circuit loading, medium-
and high-impedance circuits should
be checked with the aid of a low-
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Fig. 6 Expansion of a 20-microsecond pulse as the sweep speed of a triggered-

sweep scope is progressively increased.

capacitance (low-c) probe. A stan-
dard low-c probe attenuates the in-
put signal by a factor of 10, and
provides a 3-times increase of input
impedance. When using the low-c
probe, to rcad the p-p voltage of a
waveform, multiply the calibrated
values on the vertical attenuator by
10.

Professional-type low-c probes
provide a ring or sleeve on the hous-
ing for convenient trimming of the
RC probe circuit. For highly pre-
cise mcasurements, make this ad-

Fig. 7 Color burst expanded with a
triggered-sweep scope.

22 ELECTRONIC SERVICING/June, 1970

justment with the aid of a good
square-wave generator before mak-
ing wavelorm analyses. The probe is
in optimum adjustment when a 15-
KHz squarc wave is displayed with
minimum distortion.

Direct Connection to
Deflection Plates
It is sometimes desirable or neces-
sary to couple signals directly to the
deflection plates in the CRT, as cx-
plained previously in the article on
service-type scopes (May *70 ES, pg.

PHASE 1 PHASE 2

12). For example, the scope used in
this article has a vertical-amplifier
frequency response of DC to 15
MHz; howcver, the horizontal-amp-
lifier frequency response cxtends
only to 500 KHz. Since a keyed-
rainbow signal requires a somewhat
greater frequency range, a vector-
gram would need to be displayed by
using direct coupling to the deflec-
tion plates in the CRT. Also, if it is
necessary to check the modulation
characteristics of a radio transmitter
having a carrier frequency in excess
of 15 MHz, the vertical amplifier of
most scopes will be inadequate, and
direct coupling to the CRT must be
used.

Conclusion

Although this article has dis-
cussed the step-by-step operation of
a particular triggered-sweep scope,
a very basic and standard-type in-
strument has been chosen for the
purposc. The samec operating tech-
niques that have been explained will
apply with minor variations to
nearly all triggered-sweep scopes.

The essential requirement for the
incxperienced operator is to practice
using one of these scopes. Profi-
ciency in scope operation can be
acquired only by a combination of
reading and practical experience.
Experienced technicians know that
competence is not acquired over-
night. Sufficient time must be al-
lotted to the learning experience for
the “soaking-in” process to become
effective.
(An article next month will examine
in detail the actual advantages and
practical applications of triggered-
sweep scopes in servicing consumer
clectronic products.) A

PHASE 3

Fig. 8 Relative timing of waveforms in a three-phase system.
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Dale’s service bench

by Allan Dale

Servicing the automatic
tUI'n table, Part 1

B Automatic turntable mechanisms
aren’t difficult to troubleshoot; you
can apply to them the same logic
you use to track down trouble in
electronic circuitry, Instead of think-
ing of electronic sections, stages and
circuits, you think of mechanical
operation, assemblies and motions.
Once you begin thinking of them
this way, the mystery about auto-
matic turntables quickly falls away.

Automatic Operations

Start by answering the question:
What does an automatic turntable
do? For one thing, it spins the rec-
ord—at any of four speeds. For
another, it initiates a change cycle.
It then moves the tone arm out of
the way, drops a record, and resets
the record stack in readiness for the
next onc to drop. It indexes the
record size, to position the tone arm
over the lead-in groove, and sets
the tone arm down with the needle
in that groove. After the final rec-
ord has played, it returns the arm
to its resting post and shuts off the
turntable. These are operations.

Operations are handled by assem-
blies. As an example, take the mat-
ter of spinning the record. That’s a
simple operation, and probably
doesn’t really need explaining. But
I'll do it anyway. It might help you
sec through other, more complex,
operations.

The record spins because the
turntable does. A motor/drive as-
sembly turns the turntable. This as-
sembly is the group of parts illus-
Fig. 1 Motor/drive system, showing (above) below-deck mounting of motor and drive trated in Fig. 1. The motor is be-
shaft, and (below) idler above motorboard. Drive idler rotates against the turntable neath the main platform (motor-
rim pointed out in bottom photo. board). You can see its shaft (ar-
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row), with four different diameters
that determine the four speeds,
sticking up through the motorboard.
The shaft spins against a large-di-
ameter rubber idler, turning it. The
idler fits against the drive rim of
the turntable when the turntable is
down over the spindle where it be-
longs.

Speed is changed (another opera-
tion) by a lever that raises and low-
ers the rubber drive idler. When the
lever is at 78 rpm, the idler is at
its lowest position (Fig. 2A), and
presses against the largest diameter
of the motor drive shaft, which ro-
tates the turntable at the fastest
speed. With the speed selector lever
at 16 rpm, the idler is at its highest
position (Fig. 2B), and the turn-
table is driven at the slowest speed.

The graduated gear wheel that
raises and lowers the idler is visible
in Fig. 2C. You can also see the
linkage that connects it to the speed
selector lever, and the teeth that
twist it. Most of this assembly is
made of hard, white plastic.

The explanations of these opera-
tions are simple. But they should
help you understand others that fol-
low. All the explanations are di-
rected at helping you troubleshoot
the mechanisms.

Analyzing Mechanical Trouble
The foregoing explanations par-

tially illustrate the following proven

sequence of troubleshooting:

(1) Each operation is accom-
plished by (2) a specific assembly.
(3) The assembly goes through cer-
tain motions. (4) The motions are
movements of parts, Keep these four
divisions in mind: operations, as-
semblies, motions, parts. They are
the basis of a logical technique for
troubleshooting automatic turn-
tables.

You start to service an automatic
turntable by analyzing each opera-
tion, Once you spot a faulty one,
you concentrate on the assembly
responsible for that operation. You
watch each movement or motion in
that assembly. Somewhere among
those motions is your clue to why
the assembly doesn’t operate as it
should. Spot the missing or im-
proper motion and you probably
will see which part in the assembly
is defective.

Fig. 2 Lever for changing speed (A) lawers and (B) raises a ruober drive idter. Dif-
ferent diameters of motor shaft turn the idler at different speeds. (C) Plastic linkage
and gear that raises and lowers the idler wheel from beneath the motorboard.

June, 1970/ELECTRONIC SERVICING 25



The part might be bent, dirty,
sticky, greasy, missing, warped,
loose, or whatever. But you’ll see
how the fault interrupts or other-
wise affects the motions in the as-
sembly. And that’s what keeps the
operation from being normal.

The Drive System

Now Il tell you more about the
motor/drive system, Read this with
troubleshooting in mind.

A lever on top of the motorboard
(Fig. 3A) is connected by a plastic
linkage to a pivoted metal lever
underneath (Fig. 3B). A long, thin
rod connects the pivoted lever to a
flat bar near the motor, In the “on”
position, that bar pushes in a micro-
switch plunger (Fig. 3C). The switch
applies power to the shaded-pole
motor,

Failure of the motor to run could
mean several things. If your volt-
meter shows power is being applied,
hold a screwdriver blade near the
laminations of the motor. If it hums
or vibrates, the windings are okay.

The armature of the motor could
be stuck. To check it, remove the
bolts holding the motor, and drop
it down. If any oil or grease gets
into the motor, it’ll collect dust and
eventually bind the armature.
DON’T lubricate the motor. Clean
it inside and out with ordinary al-
cohol. (Don’t use carbon tet; it’s
toxic and dangerous.) If clcaning
doesn’t free the armature, replace
the motor,

Incidentally, while you’re check-
ing in and around the motor, make
sure the ground wires are tight.
They’re pointed out in Fig. 4. They
keep the motor at the same elec-
tical potential as the motorboard-—
and, through a grounding wire from
the power plug, at chassis ground
in the amplifier. This prevents hum
in a sensitive stereo system. If you
replace the motor, be sure you prop-
erly replace the ground connections.

Drive Problems

Fig. 5A is a more detailed view
of the motor shaft and drive idler.
The pencil points to a plastic riser
that moves up and down as you
move the speed lever. It raises and
lowers the rubber idler wheel. You
saw the underside view of this plas-

Fig. 3 Linkages that turn motor on. (A) Lever on top of board. (B) Linkages and

lever below motorboard; index finger points to rod that goes to bar near motor (C) ¢ A .
that pushes microswitch on. tic assembly in Fig. 2C.
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(Beware of the Grope.)

How to keep the Grope
from bagging your prospects
without them lifting a finger.

“he Grope preys on people who don't know where to
fmd .A.hat they re hunting for . . . turning their search for you
into a Jungle hunt.
But you can put one ovee on the Grope,
: if you don't spread yoursel- thin. Cover your
= territories . . . all of them, bv listing yourself
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“te S-ope fooiprint | YOU see, & lot of your prospects that are
goes ir aldrections, Nearby, use a nearoy Yellow Pages. And,
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98- you on them.
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Yel ow Fages. After all, why try #or some of the P22
cLstomers some of the time, when you can try
fo- al of the customers all of th2 time! o
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‘Fig. 4 Grounding
wires are impor-
‘tant in preventing
hum while rec-
ords are playing. \
Notice smaller
wire in power
plug; it grounds
the changer mo-
torboard to the
amplifier chassis.

Fig. 5 Drive idler in 33-rpm position. (A) Plastic riser is part of mechanism pic-
tured in Fig. 2C. (B) Spring holds idler in contact with motor shaft when switch

(A)

(B)

lever is in ““‘on” position.
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The idler is in the 33-rpm posi-
tion. Fig. 5B shows it contacting
the motor drive shaft. You do that
with the same lever that turns on
the motor. A meta] linkage from the
pivoted lever in Fig. 3B releases the
idler mounting and lets a spring
hold the idler against the motor
shaft. The diameter ratios, com-
bined with the diameter ratio be-
tween the rubber idler and the turn-
table drive rim, reduce the 1800
rpm of the motor to exactly 3314
rpm,

The most common trouble symp-
tom related to the drive system is
“stalling in cycle”—the change cycle
starts but then hangs up. Almost in-
variably, this is caused by slippage
in the drive system. There’s a defi-
nite cleanup procedure that clears
up 99 percent of such cases—if the
motor is running freely. The clean-
ing steps are illustrated in Fig. 6.

You need a paper towel or soft
cloth and some rubbing alcohol.
Lift off the turntable and thoroughly
wipe its drive rim (Fig. 6A). Keep
applying alcohol and drying until
the paper towel comes away clean,

Then turn the motor on. With
one hand, hold the idler away from
the motor shaft. With the other, hold
the alcohol-dampened towel against
the spinning shaft. Fig. 6B shows
this step. Clean all the shoulders on
the shaft. Then turn the motor off
so the idler doesn’t touch the clean
motor shaft.

With a small screwdriver, pull
the C-clip that holds the idler wheel
in place (Fig. 6C). Remove the idler
wheel from its mount (Fig. 6D).
Thoroughly clean its edges and rim
with alcohol. Be sure no lint from
the cloth or paper towel adheres to
the rubber surface. Clean the
mounting spindle and the hole in the
idler.

When you put the idler wheel
back on the spindle, be sure the tiny
fiber washers are in place. DON'T
lubricate the idler spindle. Oil or
graphite will work its way out to
the rubber surface and cause trouble
later.

Make sure the spring pulls the
idler firmly against the motor shaft
with the motor turned on. Be sure
it works in all speed positions. Then
put the turntable back in place.
There now should be no stalling in-
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‘to switch, if bent,

D)

Fig. 6 Cleaning the drive system prevents stalling during change cycle. (A) Wipe turntable rim clean with alcohol. (B) Hold
idler away from motor shaft and clean spinning shaft. (C) Remove C-clip holding idler and (D) remove idler. Clean it and

mounting spindle.

cycle. If there is, the cycling gear or
cycling slide must be causing it.

Under the Motorboard
All the cycling assemblies are be-
neath the motorboard. Before you
get into them, make a few checks
of the audio wiring.

Fig. 7 Muting
~can kill one or

} ' both audio chan-
neis.
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For example, in Fig. 4 you can
sce the plug connections for the
audio channels. If a channel is dead,
this is one place to look for a
breken wire. You might accident-
ally break one when you’re working
with the turntable removed.

Below the motorboard is a mut-

ing switch (Fig. 7). It shorts out
both channels during the change
cycle. If one of the leaves becomes
bent, the tab from the cycling slide
can’t push the other leaves far
enough to open them. You would
hear no sound even when a record
plays.

In the same photo, you can see
the wiring. It’s tiny and delicate. If
you’re working under the motor-
board, be careful. A broken wire
isn’t always easy to spot. But check
the wires visually—or with an ohm-
meter, if you have to—both before
you proceed with other repairs and
again when you’re finished—it’s
good insurance against callbacks.

Next Month
The main thing under the motor-
board is the cycling mechanism.
Next month, I'll explain the seven
operations of the change cycle, com-
plete with closeup photos. A
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Symptoms and cures compiled from field reports
of recurring troubles

32

Chassis—Sylvania D12
PHOTOFACT—1045-2

CIRCUIT
BREAKER
DEGAUSSER

@ [} 1

\OPEN

Symptom—narrow picture; purity poor; low B+
Cure—Check and, if open, replace diode X4

Chassis—Sylvania D12
PHOTOFACT—1045-2

HORIZ OUTPUT SHUNT REG

6LR6 6BK4B
(NARROW) @
80V

HIGH VOLTAGE

FROM

60V
HORIZ »—{
0sc

NO

REGULATOR
CURRENT

1meg
__ POSITIVE
VOLTAGE
5.6meg
NEGATIVE
HOLD-DOWN
Symptom—narrow, blooming raster

Cure—check regulator current; replace 6BK4B,
if weak or dead

Chassis—Sylvania D12
PHOTOFACT—1045-2

COLOR BANDPASS AMP

@)2N3694

10129

T0
COLOR CONTROL
AND BIAS

PULSE FROM HOR1Z
BLANKING AMP Q14 5800 82K
. 0056

T—l\ RESISTANCE
4 TO0 HIGH

Symptom—no color in the first inch on left side
of picture
Cure—check R204 (820 ohm), and replace if its

33Q

20V
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'FROM HV TRANS

Chassis—Sylvania D12
PHOTOFACT—1045-2

HORIZ
@ BLANKING AMP
T0 CATHODES

SHORTED \ OF
700 -Y AMPS

2
’ W T0Q19

s : AA—= COLOR BANDPASS
6802 AMP EM
l 2100 ITTER

HORIZ PULSE

TO BASE OF
BURST AMP

-[.DOI

Symptom—4 or 5 dark vertical bars in raster
Cure—replace shorted horizontal blanking tran-
sistor, Q14

Chassis—RCA CTC31
PHOTOFACT—928-3

VERT MULT
(WA 6GF7A

—it

—— DEFECTIVE

_I(__
l 2'2”‘99/ CONTROL
il VERT  3.4meg 5.6meg :l

LINEARITY

Symptom—picture height changes intermittently
at top and bottom
Cure—replace vertical linearity control, R13

Chassis—Setchell Carlson U-806
PHOTOFACT—978-2

HORIZ MULT
@a 6GH8A
1 TO GRID OF
|'_’ i
_L N750 0% HORIZ QUTPUT
I 180pf
aok L K
(88
680pf
+700V LEAKY =

Symptom—horizontal frequency drifts, needs re-
locking
Cure—check C88 for moderate leakage
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Chassis—RCA CTC16X (and newer)
PHOTOFACT—818-2

TUBE T@DVIDEO IF
DEFECTIVE 6JC6

—
..“_NW
i
5
l__
| 1
S

i +200V

Symptom—ringing that looks like several tunable
ghosts

Cure—replace 3rd video IF tube, 6JC6

Chassis—RCA CTC25X
PHOTOFACT—879-3

HOR!Z 0SC

B 6FQ7 e

6JE6

+155V

4 LEAKY

TO HOLD CONTROL +A00V CAPACITOR
Symptom—no high voltage; 6JE6 glows red in
less than a minute after set is turned on
Cure—check C87 for leakage; if defective, re-
place with 5% tolerance type, preferably mica

Chassis—Zenith 25NC37
PHOTOFACT—869-3

OPEN NEUT, SOUND IF
FROM GRID
UND- OETE
SYRL DETECTOR
AMP =

Symptom—buzz in sound; buzz control will not
stop buzz

Cure—replace open neutralizing capacitor C42
(2.2 pf, 5% tolerance)

Chassis—Zenith 25NC37
PHOTOFACT—869-3

VIDEO QUTPUT

(n26N7 (T
Lo

75009
5W

@

+340V

TO VIDEO GAIN
= CONTROLS AND
CRT CATHODES

OPEN

Symptom—excessive brightness; no control of
brightness

Cure—check and, if open, replace R145 (7,500
ohms, 5 watt)

Chassis—Sylvania D12
PHOTOFACT—1045-2

AGC AMP
)2N3694
DC CURRENT J
FROM HV eallY
TRANS IF AND
(L. Smfd) =S 100K REAGC
CHANGE
70 1O mid
REDUCE =
SI1ZE ADD DIODE

Symptom—motorboats during warmup
Cure—reduce size of C6 from 1.5 to 1.0 mfd;
also add a 1N295 diode from base to emitter of
AGC amplifier (if not already installed)

Chassis—Sylvania D12
PHOTOFACT—1045-2

REGULATOR (FILTER)

o 2N3053 . 1oLt
£ SOURCE
@J aQ
1 +20 VOLT
SOURCE
@ 220
B+
10omfd L SHORTED

Symptom—hum bars in picture
Cure—replace shorted Q23, filter transistor
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DC Bias Supply

New from Sencore is their “7-in-
1 DC Bias Supply” Model BE156
Align-O-Pack, to be used during
alignment or troubleshooting of
AGC problems. The instrument can
be used with tube or solid-state tele-
vision receivers.

Bias supply “A” has a switch to
select either positive or negative
polarity, an adjustment control with
a pointer knob and a voltage dial
calibrated from zero to 25 volts.

BE NG ORRES ALIGN-O
Yot N-O-FAK

Supply “B” is identical to supply
“A” while bias supply “C” has two
calibrated scales and three ranges:
0 to =75 volts, 0 to —25 volts and
0 to +25 volts, The four output
leads are permanently attached, and
are color-coded. They can be shorted
together without damage to the unit.
This multiple-bias supply is op-
erated from the power line, and has
a line switch for convenience. The
ripple is said to be less than .1%.
The Sencore Model BE156 DC
Bias Supply is priced at $24.95.

Circle 50 on literature card

Oscilloscope /Vectorscope

Lectrotech, Inc. has announced
the availability of a high-perfor-
mance, wide-band, triggered-sweep,
5-inch oscilloscope/vectorscope.

According to Lectrotech, the fea-
tures include: 10-MHz bandwidth;
DC amplifiers to eliminate pattern
bounce and to permit viewing of
AC and DC simultaneously; cali-
brated vertical attenuator and hori-
zontal time base; automatic sync
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mode; TV sync selector; vectorscope
input for color TV servicing; ex-
ternal horizontal amplifier; 60-Hz

horizontal sweep with phasing con-
trol; cdge-lit calibrated scale, com-
patible with all sweep generators;
and all solid-state design except for
a tube-protected input.

The unit measures 148" x
10%4” x 16%2" and weighs 23 lbs.
The Model TO-50 is covered by the
manufacturer’s one-year warranty
and is priced at $329.50.

Circle 51 on literature card

Solid-State
Electronic Multimeter
Seven DC and seven AC ranges
extending from 0.5 volts to 1500
volts are features of Leader Instru-
ment’s new Model LV-77 all-solid-

state electronic multimeter, Also in-
cluded are resistance ranges from
10 ohms midscale to 10 megohms
full scale, and dB scales for direct
power-level measurements from -10
dB to 4 16 dB.

Input impedance of the instru-
ment is 11 megohms, and frequency
response is 25 Hz to | MHz. Ac-
curacy is =3% full scale.

Other features include a DC po-
larity reversing switch, which makes
it unnecessary to reverse test leads
when testing transistor circuitry.
One test probe is used for all test
functions.

Price is $89.50.

Circle 52 on literature card

Miniature-Size
Tube Emission Tester

A new tube emission and shorts
tester measuring 6% in. x 3% in.
and weighing 42 Ibs. has been an-
nounced by Mercury Electronics
Corp.

The unit—equipped with com-
pactron, nuvistor, 7-pin, 9-10-pin,
octal, magnoval, novar and decal
sockets—reportedly will check the
emission of all tubes. The manu-
facturer also states that the design

is made obsolcscence-proof because
12 open-normal switches are used
to set up the instrument for testing,
and tube set-up data is abreast of
the latest tube releases and is kept
up-to-date.

Model 990 is available in kit
form for $21.95, or can be bought
factory wired for $34.95.

Circle 53 on literature card

IM Distortion Analyzer
A compact, solid-state intermodu-
lation distortion analyzer is now
available from Crown International.
Featuring accurate measuring
capability through 0.01 percent, the
unit guarantees a residual IM level
of less than 0.005 percent, with



seven full-scale ranges from 100
percent to 0.1 percent. The operator
scts the input level using the cali-
brate meter, and then reads the dis-
tortion on the percentage distortion
meter. He then moves the range
switch to obtain successive readings
at 5 dB increments, which report-
edly take under 5 scconds cach.
The unit, measuring 7 inches X
19 inches X 7 inches, costs $595.00.

Circle 54 on literature card

Megohmmeters

A ncw line of megohmmeters, in-
corporating transistorized printed
circuits and self-contained, casily
replaceable power sources, is avail-
able from Associated Research, Inc.

Four models of the MEG-CHEK®
meters arc available with megohm/
ohm ranges from 0-200/0-2000 to
0-200/0-20,000,/200,000.

Megohms, ohms, AC or DC volts
reportedly can be mcasured easily
without changing test Icad connec-
tions, All measurements are indi-
cated on an expanded 4V2-inch
scale and a lcver switch permits
fingertip control for both calibration
and testing.

All four models are furnished
ready to operate with batteries,
carrying case, test leads, instruction

manual and packet of ten resistance
record cards. Housed in a steel case,
the solid-state units measure 878
inches X 6 inches X 814 inches and
weigh 20 lbs.

Prices range from $165.00 to
$220.00. A

Circle 55 on literature card

Newest
SAMS
Books

Test Equipment Library

Every technician should have these famous

books by Bob Middleton on his service bench.

They show you how to make the best use of

test equipment for fast, accurate repairs. Li-

brary consists of five volumes in slipcase:

101 Ways to Use Your VOM and VTVM

101 Ways to Use Your Color-TV Test
Equipment

101 Ways to Use Your Signal Generator

101 Ways to Use Your Oscilloscope

101 Ways to Use Your Sweep Generator

Order 20787 (5 Vol. Set), only...... $15.75

101 Questions & Answers
About Transistor Circuits

by LEO G. SANDS. Answers the most
commonly asked questions about tran-
sistor circuitry. Explains transistor no-
menclature, biasing, the three basic
circuit configurations, input and output
impedances, current and voltage gain,
and other basic considerations. Also
gives the counterparts of tube applica-
tions. Covers power supplies and cir-
cuits; af circuits; rf circuits, and oscilla-
tors. Order 20782, only....... $3.50

Security Electronics

by JOHN E. CUNNINGHAM. Explains the
operating principles of modern elec-
tronic devices and systems used to pro-
vide security against crime. Describes
intrusion alarms and intrusion-detection
devices. Includes chapters on the detec-
tion of hidden metal objects, announce-
ment of detected intrusions, bugging,
debugging and speech-scrambling sys-
tems, and future developments. Enables
the technician to apply his experience
to this rapidly expanding new field.

al “C .
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TV SERVICING
MADE EASY
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Transistor-TV Servicing
Made Easy

by JACK DARR. This practical guide,
based on tried and proved shop experi-
ence, will help you become skilled in
the special techniques of transistor-TV
servicing. Covers the tools and equip-
ment you will require; transistors and
transistor-servicing techniques; power
supplies; horizontal and vertical sweep
circuits; video i-f and output circuits;
agce and sync-separator problems; tun-
ers; audio circuits; and selecting re-
placement transistors.

Order 20776, 0nly............ $4.95

Mobile-Radio Systems Planning

by LEO G. saNDSs. Here is practical, basic
information about various types of
mobile-radio systems, how they work,
their capabilities and limitations, sys-
tem requirements, licenses, channels,
band and frequency selection, trans-
mitter-receiver selection, antenna sysg
tems, and accessories. Includes an in-
valuable system-requirements form for
planning a mobile-radio system.

Order 20767, 0nly............ $4.50 Order 20780, 0nly............ $4.50
= = == HOWARD W. SAMS & €O, INC. - ————— -1
I Order from your Electronic Parts Distributor, |
| or mail to Howard W. Sams & Co., Inc., Dept. ES-6 120776 I
| 4300 w. 62nd St., Indianapolis, Ind. 46268 20787 |
: Send books checked at right. $ enclosed 120782 }
| [1Send FREE 1970 Sams Book Catalog 120767 |
: Name ] 20780 :
| Address ]
l Cit i |
Y State Zip.
b= = m= o .= e J

Circle 16 on literature card
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With Carl Babcoke
ES Technical Editor
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Selecting

replacement

resistors

Characteristics and
considerations

Rules-Of-Thumb
About Resistor Failures
My observations over a period of
ycars secmed to reveal that carbon-
composition resistors with a dissi-

3 WATT
METAL - FILM~_  —

]
\u
- =
k“‘
'
R

/
1 WATT
CARBON

941709-38 214518
4200 £ 10% -

pation rating of 1 watt or less arc
more susceptible to unexplainable
value changes than are similar re-
sistors with larger dissipation rat-
ings, cven when all are operated

7 WATT
WIRE-WOUND

/

2 WATT
.~ CARBON

\

1/2 WATT
CARBON

Fig. 1 Comparison of size and appearance of different wattage carbon-compaosi-

tion, metal-film and wirewound resistors.
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within their ratings and are not dam-
aged by overloads. This appeared
to be especially true of resistors
with values in the megohms.

Many other experiences indicated
that the values of resistors subjected
to moderate overloads usually in-
crease, while the values of resistors
that have been severely overloaded
often decrease,

These observations and experi-
ences were condensed into practical
“rules-of-thumb”, which were of
great value to me in servicing. But
questions arise, such as: Is there
really any technical proof of thesc
conclusions? I decided to find out
for certain by performing the fol-
lowing experiments.

Resistor Damage
Caused By Heat

To simulate the change in heat
during the receiver’s on and off pe-
riods, several resistors were mea-
sured using an ohmmeter, then were
hcated by applying a 40-watt iron
to the leads. This is the approxi-
mate amount of heat that ordinarily
would be used to solder them into
a circuit. Their resistance was mea-
sured while they were hot, and again
after they had cooled to room tem-
perature (sometimes speeded up
with cooling spray). This sequence
was repeated several times.

One resistor, marked 150 ohms/
2 watt and measuring 145 ohms,
increased to 170 ohms when heated,
decreased to 151 ohms when cooled
and 3 heating cycles later stabilized
with a cold resistance of 162 ohms,
or about 12% higher.

A 1-watt resistor measured 230K
ohms at the start, 300K ohms when
hot, and after 3 heating/cooling cy-
cles, the cold resistance was 270K
ohms, or about 17% higher.

A 10K-ohm, 2-watt resistor mea-
sured 11K ohms hot, but returned
to a normal 10K ohms after several
heat cycles. Fig. 1 shows a compar-
ison of the size of these resistors.

The worst example was a .5-watt
resistor which originally measured
3.4 megohms. When the leads first
were heated with a soldering iron,
the hot resistance was above 4.5
megohms, and decreased to about
4 megohms after cooling. After three
heating and cooling cycles, the re-
sistor measured 5 megohms, about
47% high, at room temperature.

Of course, the hottest tempera-
ture these resistors were subjected



to probably is above the avecrage
encountered in typical receiver op-
eration. But the results check closely
with past cases of receivers operated
for several months or more. None of
the resistors showed the slightest
visual signs of overheating,

Another ,5-watt resistor was over-
loaded and tested to destruction by
applying DC voltage and current to
furnish the wattage specified. Here
are the results:

e 149 ohms cold—.5 watt ap-
plied for 2 minutes—155 ohms
hot

* 150 ohms cold—1 watt applicd
for 2 minutes—160 ohms hot

e 154 ohms cold—1V%2 watts ap-
plied for 2 minutes—163 ohms
hot

e 155 ohms cold—2V%2 watts ap-
plied for 2 minutes—170 ohms
hot

Note: At this point, the resistor be-
gan to smoke and the color code
faded (Fig. 2).

e 152 ohms cold—3V2 watts ap-
plicd for 2 minutes— 150 ohms
hot

¢ 117 ohms cold—4 watts ap-
plied for 2 minutes—67 ohms
hot

* 56 ohms cold—resistor was
discolored, had a burned odor
and the color-codc stripes
were burned off.

Notice that the resistance in-
creased as the wattage was increased
—up to a point, Beyond that, the
resistance decreased with further
overload. These experiments con-

NORMAL RESISTOR

firmed my previous observations
about carbon resistor failures.

Less Heat-Sensitive
Resistors

A 5 meg-ohm, 1-percent precision
resistor of unknown internal con-
struction also was subjected to hot
and cold cycles. When heated, the
resistance decreased. This is nega-
tive temperature coefficient, and is
unusual since most resistors have a
positive coefficient. There was no
change in the cold resistance after
the heat/cold cycles.

Ordinary wirewound and evap-
orated metal-film types of resistors
showed no significant change in re-
sistance when heated and no per-
manent change in value after tem-
perature testing.

Tips for Replacing Resistors

Here are some recommendations
to consider when replacing resistors:
 If the defective resistor is a car-
bon-composition type, replace it
with the next higher wattage (space
permitting), or with a more stablc
type, to increase the dependability.
» Minimize heat at the resistance
element during soldering. Use a
temporary heat sink, or leave longer
leads on the resistor, if it is not
used in a super-critical tuner, IF or
oscillator circuit, Better yet, frost
the body of the resistor with circuit
cooler just before soldering the
leads. Similar cooling is recom-
mended for transistor soldering, too.
No heat sink is needed for either

BURNED RESISTOR )

Fig. 2 First evidence of an
overloaded resistor is dis-
appearance of the color-
code stripes.

Fig. 3 Various types of
special-purpose resistors
include heat-sensitive, volt-
age-sensitive and light-

HEAT-SENSITIVE
RESISTOR

sensitive resistors.

resistors or transistors when this
method is used,

o Do not install a carbon resistor
too near a source of heat, such as a
high-wattage resistor; the resultant
heating and cooling might change
the resistance value until it is out of
tolerance. This is of particular im-
portance with resistors whose values
are in the megohms.

« Do not use a carbon resistor to
replace a metal-film or wirewound
type.

* A carbon resistor that has been
overheated to the point where its
value increases should be replaced,
because it might change resistance
cven more with continued usage.
The same recomendation applies to
resistors which have been badly
overloaded and measure low.

e Matched pairs of resistors in a
color receiver should be within 1
percent of the value of each other,
but they nced not be that close to
the marked value. (Matched resis-
tors often are used as grid resistors
in 6BK4 high-voltage regulator cir-
cuits, phase and color-killer detec-
tors, and the plate (or collector) load
resistors of color demodulators.) If
one resistor of a matched pair is
defective, replace both to make cer-
tain they are the same brand and,
therefore, have the same tempera-
ture coefficient.

e Two or more resistors can bec
wired in series or parallel to obtain
values you do not have in stock, or
to increase the wattage rating. If
the resistors are identical, the wat-

VOLTAGE-SENSITIVE
RESI/STOR

/

@

i

\

LIGHT-SENSITIVE
RESISTOR
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tages are equal and add correctly.
But watch out for some pitfalls in
the wattage obtained from unequal
resistors, For example, suppose you
want to connect a 10K-ohm and a
30K-ohm resistor in series across
200 volts. Each resistor is rated at
1 watt. Does this produce 2 watts of
total maximum dissipation? Solving
for wattage using the “P—voltage
squared divided by resistance” for-
mula, we find the 10K-ohm resistor
dissipates .25 watt, and the 30K-
ohm unit dissipates .75 watt, three
times as much as the 10K-ohm re-
sistor. On the other hand, two par-
allel resistors, one a 2-watt resistor
and the other a 1-watt, can dissipate
a total of 3 watts if the 2-watt re-
sistor is Y2 the value of the 1-watt
resistor (and, of course, if the total
parallel resistance of the two is cor-
rect for the intended use).

Special-Purpose Resistors
One of the present trends in elec-
tronic manufacturing is the use of
special-purpose resistors, such as
those shown in Fig. 3. These resis-
tors include:

« thermistors, or heat-sensitive re-
sistors, which have a strong nega-
tive-temperature coefficient; their
resistance decreases greatly when
the resistor becomes hot. In some
applications, the hot resistance will
be only about 10% of the value of
the thermistor at room temperature.
Thermistors are used to stabilize the
bias on transistors, reduce the cur-
rent in a degaussing coil, or change
the voltage applied to an oscillator
to minimize thermal drift. The sche-
matic component symbol includes
the letter “T”, for thermal.

* varistors, or voltage-sensitive re-
sistors. A varistor’s resistance is re-
duced as the voltage across it is
increased. They are used to stabil-
izc some low-current voltage
sources, such as the B4 supply for
oscillators or other critical circuits.
When supplied with pulses or other
non-symmetrical waveforms, a var-
istor acts as an inefficient (but very
rugged) rectifier. They are some-
times called voltage-dependent re-
sistors, and a “V” is included in the
schematic component symbol.

* light-sensitive resistors, or
“LDR?”, or light-dependent resistors.

These are usually of the cadmium-
sulfide or cadmium-selenide type,
whose resistance greatly decreases
with an increase in the amount of
light shining on the cell. These were
very popular a few years ago in
automatic brightness and contrast
circuits. An “L” indicating that it
is light-actuated, is added to the
normal resistor symbol.

* zener diodes. When used as a DC
voltage regulator, a zener acts pre-
cisely as a variable shunt resistor.
A higher voltage applied across the
zener decreases its resistance, thus
holding the voltage across it con-
stant to within a few tenths of a
volt. The diode symbol is used with
the two ends of the center line
turned in opposite directions.

These special-purpose resistors
preferably should be replaced with
units that have specifications iden-
tical to the original.

Next Month
In Shop Talk in the next issue,
we’ll look at capacitor characteris-
lics that arc important to servicing,
plus tips on capacitor substitution.

A

You asked for it...
and PHOTOFACT gives it to you.

Service data covering popular
compact stereo, component hi-fi,
modular hi-fi and AM-FM multiplex
compact units—domestic and for-
eign units. Each volume of the
MODULAR HI-FI SERIES provides
complete coverage of 10 to 15
popular models. 10 to 12 volumes
per year provide blanket coverage
of the most popular units.

QUICKER SERVICING data from
PHOTOFACT, a division of Howard
W. Sams & Co, Inc. . . . leading
publisher of timely and accurate
electronic servicing information
for nearly a quarter of a century

PHOTOFACT
ELECTRONIC SERVICING

HOWARD W. SAMS TECHNICAL
BOOKS

COUNTERFACTS
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audio systems

FEDOR

Audio Control Centers

Audio control centers, which al-
low up to 4 or 6 stereo speaker sys-
tems to be selected for simultan-
ecous operation, have been intro-
duced by ALCO Electronic Prod-
ucts, Inc.

“Push-ON and push-to-RE-
LEASE” switches reportedly allow
the user to select the specaker sys-
tems of his choice, whether it is one
or up to six speaker pairs to be
placed in operation. Three types of
rear-panel connectors are available
to match the user’s system.

No external power is required for
operation, according to the manu-
facturer. Magitran also states that

no internal resistors that may af-
fect impedance matches are in-
cluded, and the systems are use-
able in either low- or high-impe-
dance circuits.

Models series CC4 control up to
four channels, and Models series
CC6 up to six channels. Each series
has three models: one for RCA
jacks, one for miniature phone
jacks, and one for standard phone
jacks. The units measure 2%8 in. X
5% in. X 3% in. and range in cost
from $19.95 to $29.95.

Circle 60 on literature card

Disposable Tape and
Record Wipers
New lint-free, disposable clean-
ing “cloths” for recording tapes and

records are available from Robins
Industries Corp.

Impregnated with a special for-
mulation, the “cloths” wipe records
and tapes clean and deposit a mic-
roscopic film of silicone. The
“cloths”, which actually are made
of a non-woven, lintless cellulose
material, are sized for the respec-
tive applications. They are dis-
carded when soiled or dry from use.
To insure cleanliness and storage
life, they are individually packaged.

Peg packs of 18 disposable
“cloths” list at $1.65. The tape ver-
sion is catalogued as TG18, the disc
size as PG20.

Circle 61 on literature card

Tape Eraser

A new dual-purpose tape eraser
has been made available by Audio-
tex Products of the GC Electronics
Division of Hydrometals, Inc.

Model 30-140 can be used by
hand or as a table unit. Operation
of the unit as a table model is ac-
complished by placing the tape reel

on the reel post and rotating. Hand-
held, the eraser is passed over the
tape reel in a circular motion,

The tape eraser, including a “mo-
mentary” switch and cord, is priced
at $18.30.

Circle 62 on literature card

Tape Player Head
Cleaners and Testers
Cassette and cartridge head
cleaners are now available from
Robins Industries Corp.
Two combos, three-in-one “Test-

N-Clean” cassette Model THC-6
and cartridge Model THC-8, re-
portedly remove accumulated oxide,
grime and foreign matter, and also
test heads for both alignment and
stereo balance between channels.
Each combo sells for $2.80.

For more gentle head cleaning,
a lintless, non-woven polyester
cloth, “Head-Kleen” cassette Model

&7

THC-4, is available and sells for
$3.00. The “Hecad-Kleen” cassette
Model THC-7 cleans by means of
polishing tape, and is priced at
$2.50.

Circle 63 on literature card

Portable/Mobile PA Systems

A series of 16 portable/mobile
public-address systems, reportedly
designed for quick set-up and op-
eration at both indoor and outdoor
functions, have been announced by
Bell P/A Products Corp.

The amplifiers and speakers in
each system are sized and matched

™=

>
e

for particular crowd capacities, ac-
cording to the manufacturer. All
systems, except the “Car-Top 307,
a 30-watt, all weather car-top sys-
tem with mounting bracket, include
a carrying case with handle,

Prices range from $160 for the
“Portable 10”7, a 10-watt system, to
$350 for the “Portable 35”. A

Circle 64 on literature card

For more information
on above products
use reader service card
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troublesiing

No Horizontal Locking
Another shop gave up on this RCA KCS136X chassis
(PHOTOFACT 746-4) and by the time it reached here
the wiring had been altered. 1 found and repaired two
troubles, but one bad one still remains—horizontal
slipping. All scope waveforms and peak-to-peak mea-
surements around V10 are normal. New tubes have
been substituted, and the duo-diode, X4, has been

replaced. Any ideas?
Robert Steely
Reading, Pa.

You do not indicate that the horizontal sync can be
locked in, even momentarily, so we'll assume it can't,
and the picture drifts across the screen. You have
already tested or replaced any parts that are typical
troublemakers in this model, so we'll describe a series
of tests which should find the source of the problem.

Check the peak-to-peak waveforms at X4. Does the
sawtooth at terminal 1 measure over 20 volts. Does
the waveform and amplitude at terminal 2 correspond
with those in PHOTOFACT? This sawtooth part of
this waveform is a feed-through from terminal 1, so
we are interested mainly in the sync pulse that adds

HORIZ AFC

(194 6FQ7

270V
HOR1Z
SYNC 10
l = _]_ T HOR1Z HOLD
:£ ; = AND HORIZ
pred B . 056 0SC GRID
s S
B
LN 1
390K
¢ SAWTOOTH
—{¢ ~ FROM
001 HORIZ 0SC

a small spike at the bottom of the sawtooth. Is it there?
If either the sawtooth at terminal 1 or the sync pulse
at terminal 2 is missing, there can be no locking.

An error-correction DC voltage is developed at ter-
minal 3 of X4 when the sync and sawtooth are not in
phase. With the picture slowly flipping sideways, you
should be able to measure a varying DC voltage at
terminal 3. This voltage might go up to a couple of
volts positive, down to zero, farther down to two volts

The Sencore CRT Champion. Judge and jury when it comes to
color CRT analyzing. Reaches a verdict in seconds — tells you if
the tube has adequate emission, and if it will track in the TV set.

Automatic color tracking according to industry standards with

exclusive 3 Gun G2 Control.

One-step controlled rejuvenation with automatic RC timer. A

Sencore exclusive.

Lots more, too. So try the decision maker —the Sencore CRT
Champion — at your distributor today. You'll reach the right
VENAICEs & mmwisin. « 0 . Gmscaiogs . G0, 8. e B

S ENCORE

NO | MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101

Circle 17 on literature card
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-=) DECISION

..... $119.50

NEED CRYSTALS?

) We can supply
crystals from 2KHz to 80MHz in
many types of holders.

SPECIALS

Color TV crystal (3579, 545KHz) wire

leads p: - e o e I $1.60; 4 for $5.00
100KHz freq. std. crystal (HC13/U) ...$4.50

(oL AU) I W T o 4o g v $4.,50
1000KHz freq. std. crystal (HC6/U) ...$3.50
Any CB crystal, TR. or REC. except

synthesizer crystals ............... $2.25
Any amateur band crystal (except 80

& 160 meters) ................. $1.50 or

in FT-243 holders ............ 4 for $5.00
Any marine frequency (HC6/U) ....... $2.85
80 meter—FT243 holders ............ $2.50

We have in stock over six million crystals which
include types CR1A/AR, FT243, FT241, MC7,
FT249, HC6/U. HC13/U, HC25/U, HC18/U, etc.
Send 10¢ for our 1970 catalog with oscillator
circuits, |listing thousands of frequencies in
stock for immediate delivery. (Add 10¢ per
crystal to above prices for shipment 1st class
mail, 15¢ each for air mail).

Special Quantity Prices to
Jobbers and Dealers
ORDER DIRECT with check
or money order to:
2400 E. Crystal Drive
Fort Myers, Florida 33901

Circle 18 on literature card



negative, back to zero, up to positive 2 volts, etc.

If the DC voltage is not there, C68 might be shorted,
X4 might be defective, or the waveforms at terminals
1 or 2 of X4 may be missing.

If this voltage does vary, then measure it at the grid
(pin 2) of V10A. The same varying DC voltage should
be there, too, perhaps just slightly lower in amplitude.
If the voltage is not present on the grid of V10A, C70
or C69 might be shorted, VI0A might be gassy, or
RI101 open.

VI10A is a cathode follower, which means the cath-
ode voltage “follows” the grid voltage quite closely.
The cathode voltage at pin 3 should vary like it did
at the grid; however, it will do so around a center
point of about positive 10 volts instead of zero.

If the cathode voltage of VI0A is zero, the tube is
dead, has a cathode-to-heater short, one of the socket
pins is open, or the plate voltage is missing.

If the voltage is about 20 volts positive, and docsn't
vary much with the varying grid voltage, the cathode
resistor, cathode socket connection or associated wiring
is open; carefully measure it with an ohmmeter.

The voltage at the cathode (pin 3) of VI0A is con-
nected to the grid of the oscillator through the hori-
zontal hold control, to automatically change the hori-
zontal oscillator frequency when all is functioning
normally. Loss of horizontal locking must be caused
by defects in the circuit just described, and cannot
be caused by the horizontal oscillator itself. With
small changes, this troubleshooting method also works

with other makes and models.

Drifting Horizontal Bar
A Dright horizontal bar appears on the screen of a

Philco 17QT85A color chassis and moves slowly to
the top of the screen, reappears at the bottom and
drifts to the top again and again. Can you help me
locate the cause of this defect?

Robert Zagrabelny

Marshall, Mo.

In my file, this is listed as a recurrent problem
causcd by internal leakage in C3, a 4-section filter
capacitor. The leakage transfers some of the 60-Hz
ripple from the 18-volt power supply to the cathode
of the 12GN7 video tube. Replacement of the entire
filter capacitor can is recommended.

Substitute For 3B2
The 3B2 needs to be replaced in an old Emerson
Model C506GA color set. According to substitution
books, the 3A3 should work as a substitute, but it
does not. What can I do to make a 3A3 operate in
this set?
Norman Pichette
Auburn, Maine
My guess is that an internal jumper is shorting
across the 3A3 filament when the tube is plugged into
the socket.
Both the 3B2 and 3A3 have the same base wiring,
while the 3A3 has higher plate voltage and current

THE BEST PERFORM-
ING UHF /VHF 2-WAY
AND 4-WAY HYBRID

SPLITTERS

##HS-20U 2-Way #HS-40U 4-way

RMS engineered for Master Antenna Systems and
Multiple Set Home Installations. Impedance ail
terminals: 75 ohms unbalanced. Fittings: F type
with Ferrule for RG59/U cable. Capacitive AC/DC
isolation. Each unit includes F type RG59/U cable
connectors and two wood screws for indoor surface

mount. SENCORE CG19 CADDY BAR COLOR GENERATOR

TOP PERFORMING
UHF / VHF TAP-OFFS

Singie 300 ohm output
from 75 ohm feed-thru
line. Push-on fittings for
RG59/U cables. Wood
screws for indoor sur-
face mount provided.

money back.

For Unbelievable—yet true ratings and Profit details
—Write—

RMS ELecTroniCS, INC.

50 Antin Place, Bronx, N.Y. 10462
« Tel. (212) 892-6700

See us at Consumer Electronic Show — A507
Americana.

Circle 19 on literature card

Little

IN STOCK AT YOUR LOCAL
PARTS DISTRIBUTOR.

Small enough, light enough to carry right in your tube caddy—so you have it
handy on every color TV service call.

Little giant in performance. All crystal controlled standard RCA licensed color
bars, crosshatch, white dots, vertical lines, horizontal lines. Rock solid or your

New circuitry. Less current drain permits full voltage regulation on all circuits,
and increases battery life.

Timer range doubled over previous models.
Lowest priced unit available, $84.50 Al bomestic Made

 SENCORE

. Q v NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

3200 Sencore Drive, Sioux Falls, South Dakota 57100
Circle 20 on literature card
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ratings. On paper, it seems the 3A3 would be an ideal
replacement for the 3B2. However, first check for in-
ternal jumpers inside the tube in relation to the tube
socket pins that are tied together. PHOTOFACT in-
dicates that pins 1-3-5-7 are connected, with pins 2-6-8
wired to the other end of the filament. The RCA tube
manual shows no internal jumpers in their 3A3, but
other brands might have some of the tube prongs ticd
together internally.

Use your ohmmeter to find out if your 3A3 has
any internal jumpers, then disconnect any socket pins
that conflict with the jumpers.

Horizontal Blanking Bar in Center of Screen

After correcting the main complaint in a Zenith
16]23 b-w TV chassis, the picture developed “pie
crusting”. A visual examination revealed the C53 had
been removed from the circuit. After installing a new
C53, the picture was straight but would lock correctly
only with the horizontal blanking bar in the center of
the picture. The duo-diode and horizontal control
tube, V9, have been replaced. Also, the sync and feed-
back pulses at the duo-diode look normal on the
scope.

I replaced C50A, C50B, C5IA, and C51B and
C52. Also, R74, R75, R76, R77, RS0 and R90 were
checked or replaced, if they were off tolerance at all.
No change in the symptoms.

When I disconrect C53, the picture locks properly,
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but with “pie crust”. I would certainly appreciate your
help.

Phillips B. Latta

Durham, N.C.

Something is very wrong with the phase of the
sawtooth that is applied to terminal 3 of X1, the duo-
diode. Since you have checked or replaced C5IA,
C51B and RY0, this leaves the winding of the high-
voltage transformer, T4, as the primary suspect.

I saw a somewhat similar case once in which the
reference pulse was taken from a secondary winding
of a width coil. Someone had reversed the phasc of
the primary winding, and the picture locked with the
blanking bar squarely in the center of the screen. It
is probable that the winding of T4 might be open
from terminal 1 to ground, or someone might have
connected R90 to terminal 2. A

MIGHTY
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How to Fix Transistor Radios
& Printed Circuits: Leonard
C. Lane, TAB Books, Blue
Ridge Summit, Pa. 17214,
TAB Book No. 504, 1969;
256 pages, 5%z inches X 812
inches, hardbound, $7.95; pa-
perbound, $4.95.

The purpose of this revised,
second edition is to help the
technician become acquainted
with semiconductors and how
they are used in home enter-
tainment clectronic equipment.

The first chapter deals with
the fundamentals of semicon-
ductors, while the second
chapter discusses how transist-
ors operate and introduces
basic circuits. Chapter 3, titled
“Basic Amplifiers’’, covers
amplifier fundamentals, basic
circuit configurations, biasing,
FET’s, JFET’s and 1GFET’s.

The next two chapters are
devoted to RF and IF stages
and detectors, and AGC cir-
cuits, plus more advanced
audio circuits, including out-
put stages. Chapter 6 concen-
trates on auto radios, and
Chapter 7 on FM radios.

Handbook of Practical Elec-
tronic Tests and Measure-
ments: John D. Lenk, Prent-
ice-Hall, Inc., Englewood
Cliffs, N.J. 07632, 1969; 302
pages, 6 inches X 9 inches,
hardbound, $15.00.

Practical electronic test and
measurement procedures en-
countered by electronic tech-
nicians are presented in this
book. Each test procedure in-
cludes a detailed discussion of

discussed in Chapter 7, while
Chapter 8 deals with time, fre-
quency and phase measure-
ments. Chapters 9 and 10 are
concerned with solid-state and
microwave mecasurements.
Chapter 11 covers antenna
and transmission line measure-
ments. The final chapter pre-
sents miscellaneous circuit and
component tests. An index is
provided for easy reference.

ABC’s of Voltage-Dependent
Resistors: Rufus P. Turner,
Howard W, Sams & Co., Inc.,
Indianapolis, Ind. 46206, Cat-
alog No. 20771, 1970; 96
pages, 5% inches X 8%
inches, paperbound, $2.95.

This book “cxplains voltage-
dependent-resistor (VDR)
theory in simple language, de-
scribes the many kinds of
VDR’s, and shows how they
can be used in a variety of
applications.”

Basic VDR theory is cov-
ercd in the first chapter. The
remaining four chapters illus-
trate and discuss the various

applications of voltage-depen-
dent resistors. An index is pro-
vided for quick reference.

101 TV Troubles — From
Symptom to Repair: Art Mar-
golis, TAB Books, Blue Ridge
Summit, Pa. 17214, TAB
Book No. 507, 1969; 224
pages, 5% inches X 8%
inches, hardbound, $7.95; pa-
perbound, $4.95.

This book is designed to be
a reference that in minutes
will lead the servicing tech-
nician to the cause of many
troubles. Color and mono-
chrome and solid-state and
tube-type television sets are
included, as well as simplified
and partial schematics and
other illustrations of the cir-
cuitry and layout of major
brands of TV.

TV troubles are broken
down into five basic cate-
gories: brightness, contrast,
sweep, color and sound. Each
category lists specific troubles
relating to that symptom. An
index also is provided. A
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its purpose and the related
step-by-step technique. Most
procedures are described twice,
once for use in “quick tests”
using basic equipment, the
other for laboratory work, em-
ploying more sophisticated
gear.

The first two chapters cover
voltage and current measure-
ments. The next four chapters
cover resistance, capacitance,
inductance and impedance
respectively.

Decibel measurements are




Isolating distortion
/in stereo systems

Fig. 1 Dual-trace oscilloscope photo
showing undistorted input signal (up-
per trace) and distorted output signal
(lower trace).

Fig. 2 Distortion analyzer enables the
user to analyze the content of distor-
tion. Upper trace is ‘‘clean’’ input;
lower trace is amplified representation
of harmonic distortion content in out-
put of amplifier whose output wave-
form is shown in Fig. 1.
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Common causes of and time-
saving techniques for finding
harmonic, intermodulation,
crossover, amplitude and other
forms of distortion.

by Leonard Feldman

Harmonic Distortion

The most familiar and comnion
type of distortion in audio systems
is harmonic distortion (HD), which
is characterized by the undesired
presence of frequencies or tones
which are an arithmetic multiple of
the desired tone or tones. For cx-
ample, a pure 1000-Hz tonc fed
into an audio amplifier might pro-
duce in the output varying amounts
of 2000-Hz, 3000-Hz, 4000-Hz sig-
nals, etc. These harmonics change
the audible sound produced by the
amplifier, and, if present in large
amounts, they can change a pleasant
sound into a very disturbing one.

It is this “harmonic content” that
cnables us to distinguish the sound
of one musical instrument from an-
other. Middle A on a piano key-
board has exactly the same funda-
mental frequency as middle A
playcd on a violin, yet we can easily
distinguish between the two instru-
ments, primarily because of the per-
centages of harmonics, or multiples,
of the fundamental frequency.

In musical instruments, these har-
monics are necessary and desirable.
This is not the case in audio equip-
ment. We like to get out of them
only what we put in—which means

that the amplifier should not gener-
ate tones of its own.

Fig. 1 is a photo of a scope on
the screen of which a double trace
has been achieved by means of an
clectronic switch, The upper trace
is a “clean” 1000-Hz input tone fed
to an amplifier. The lower trace is
the actual output waveform of the
amplifier. The “clipped” tops and
bottoms of the sine wave represent
severe distortion, which would be
very apparent to most listeners.

To measure the actual percentage
of distortion, the output signal is fed
to a distortion analyzer. The distor-
tion analyzer “nulls out” the funda-
mental, or desired, frequency, leav-
ing only the undesired harmonics,
whose amplitudes are measured di-
rectly as a percentage of the ampli-
tude of the desired signal. To dis-
play the “distortion” on a scope,
amplifying circuitry is included in
the distortion analyzer.

The display shown in Fig. 2

shows the clean input signal (upper

trace) and the distortion product
(lower trace). By counting the num-
ber of sinusoidal waveforms in the
distortion product in Fig. 2, it can
be determined that it consists pri-
marily of “second harmonic” fre-
quency, though traces of higher har-
monics are present as well.

Experienced listeners can detect
harmonic distortion percentage as
low as 1%, while less acute listen-
ers can tolerate distortion percent-
ages as high as 5% without noticing
them.

The prices of distortion analyzers
range from under $100.00 in kit
form to about $650.00 for profes-
sional laboratory models. This in-
strument really is indispensable for



anyone who services a large amount
of high-fidelity stereo component
cquipment.

Intermodulation Distortion

Another common form of audible
distortion which occurs in consumer
audio equipment is called intermod-
ulation distortion (IM). Like har-
monic distortion, it usually results
when an amplifier is driven beyond
its power-handling capability. Most
experts feel that intermodulation
distortion in significant amounts is
even more objectionable than har-
monic distortion. While harmonic
distortion generates undesired fre-
quencies that are directly related
mathematically to the fundamental,
intermodulation distortion produces
totally unrelated frequencies. Cer-
tain non-linearities in the amplifier
circuitry can actually produce
“beat” frequencies in much the same
way that a superheterodyne radio
receiver produces sum and differ-
ence frequencies of the incoming RF
signal and the local oscillator. For
example, suppose a given instant of
musical programming contains a 60-
Hz bass tone and a 7000-Hz treble
tone. In this case, frequencies of
7060 Hz and 6940 Hz represent the
intermodulation distortion products
of the amplifier.

This form of distortion also is
measured as a percentage of the am-
plitude of the desired total compos-
ite signal and, again, percentages of
from 1% to 5% or more can be ex-
tremely annoying,

Fig. 3 shows input and output
waveforms used in the measurement
of intermodulation distortion. The
low-frequency component applied is
four times the amplitude of the high
frequency——a standard agreed upon
by the industry. An intermodulation
distortion analyzer measures the
“beat frequencies” produced by the
non-linear overload shown in the
lower trace of Fig. 3, and expresses
the result in percentage on a meter.

Vacuum tube amplifier designs
almost always produce IM distor-
tion that is about four times as great
as the harmonic distortion. In solid-

state designs, this relationship does
not hold true; IM figures generally
run about the same or a bit higher
than harmonic distortion.

Power output used to be the pri-
mary factor related to both har-
monic distortion and intermodula-
tion distortion. However, in these
days of solid-state amplifier designs
that use class B operation, distor-
tion at low power-output levels has
become quite prevalent, It is not un-
common to encounter a distortion-
versus-power-output curve similar to
that shown in Fig. 4, in which the
harmonic and/or intermodulation
distortion increases not only as
maximum power output is ap-
proached, but at extremely low
power levels as well.

Crossover Distortion

Fig. 5 is a schematic of a simple,
low-powered phonograph amplifier
using a complementary-symmetry
output (push-pull circuit with NPN
and PNP transistors fed by a com-
mon input). Forward bias for both
output transistors is created by the

intended to insure full half-cycle
conduction of each of the output de-
vices. If the forward bias is set in-
correctly, or changes because of low
ambient temperatures or because of
a change in supply voltage, etc.,
each output device will conduct for
less than a complete half-cycle, pro-

Fig. 3 IM distortion is caused by the
non-linear amplification of two widely
differing frequencies, which produces
sum and difference frequencies. Up-

voltage drop between the DC sup-  per trace is undistorted input. Lower
ply and R3 and D1 and R4, and is trace is “clipped” output.
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Fig. 4 In some amplifiers, distortion increases with lower power outputs as well as
at overload. This conditions usually is caused by ‘“crossover distortion”.
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ducing an output waveform like that
in Fig. 6.

Twice per cycle a brief period ex-
ists during which neither output
transistor conducts linecarly, and
crossover distortion is generated.
Since the duration of the non-con-
duction period is constant, it will
constitute a greater percentage of
distortion at lower output levels than
it will at higher output levels, and it
is for that reason that the overall
distortion percentage actually in-
creases as output power is de-
creased. This form of distortion is
particularly objectionable because
the harmonic content contributes a
“buzzing”, almost crackling, effect
to the program material.

Amplitude Distortion
Amplitude distortion usually is
called “poor frequency response”,
but in fact it is really as much a

form of distortion as the other types
already discussed. For example, if
the gain of an amplifier is 6 dB
higher at 8 KHz than it is at 4 KHz,
musical balance will be thrown off
if all other elements of the system
are flat. Furthermore, if a 4-KHz
musical note is being amplified, and
if the amplifier contributes 2% of
second harmonic distortion (unde-
sired 8-KHz signal), this actually
will produce 4% distortion because
of the extra treble boost in the am-
plifier. If this suggests that tone
controls should be “banned” from
all amplifiers, there is some justifi-
cation to the premise. Tone controls
really should be used only to com-
pensate for other peaks or deficien-
cies in the response of a system.
Unfortunately, most consumers niis-
use these controls, turning up bass
and treble controls to “show off”
their systems.

INPUT

g
®_I.F 500mfd

oureut

Fig. 5 A typical “complementary symmetry”, push-pull amplifier in which forward
biasing on output devices must be critically adjusted.

AREAS OF "CROSS?VER DISTORTION"
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Fig. 6 OQutput
waveform often
encountered in
class B solid-state
amplifiers which
have “crossover
distortion”.

Environmental Distortion

Into this last category of distor-
tion are lumped such miscellaneous
conditions as room acoustics, me-
chanical buzzes caused by ‘“‘sympa-
thetic” vibration of objects located
adjacent to loudspeaker systems,
and room resonances which empha-
size certain low frequencies out of
proportion to others.

Although these conditions are us-
ually relegated to the domain of the
professional acoustic engineer, serv-
ice technicians often can isolate and
correct troubles related to these con-
ditions, if they are familiar with
them. The addition of draperies or
carpeting often can correct an over-
ly shrill-sounding listening environ-
ment. Moving stereo speakers to a
new location often can “balance”,
or cancel out, specific low-frequen-
cy room resonances, It takes a bit
of experimenting and a lot of pa-
tience, but it is worth the effort in
terms of the customer’s satisfaction.

Incorrect Input Levels

The great flexibility of compon-
ent stereo high fidelity has long been
recognized, but it is this same flex-
ibility which often causes high or-
ders of distortion which really are
not the fault of any single compon-
ent in the system.

Fig. 7 is a block diagram of a
typical system, consisting of a tuner,
a preamplifier, an amplifier and a
phono and tape system. The chart
indicates minimum and maximum
input and output levels for each de-
vice. If the system is set up with
the actual operating levels shown in
Fig. 7, scveral components will be
misused or adjusted to incorrect lev-
els with respect to the mating com-
ponents. Note that the input stages
of the power amplifier will be over-
loaded rather than the output stages.
Under these conditions, there will
be audible distortion, even with the
amplifier master-volume control
turned down to “whisper” levels.

It is of great benefit to have level
and volume controls on every com-
ponent in a system, but it also can
lead to severe mismatching of levels
if instructions are not followed.

Incorrect Output Stages
Because today’s high-fidelity am-
plifiers are designed to provide fair-



ly high power levels, it is not prac-
tical to check maximum power out-
put using loudspeakers, because the
sound would be deafening if steady-
state single tones were used.

Most high-power wirewound re-
sistors normally used as dummy
loads contain a fair amount of in-
ductance, which can upset the out-
put characteristics of some amplifi-
ers, and also lecad to crroneous
readings.

The best and casiest dummy load
to usc as a speaker substitute is one
consisting of a number of 2-watt
carbon composition resistors, ar-
ranged in parallel so that their net
value cquals 8 ohms (the most com-
mon high-fidelity loudspcaker im-
pedance). For example, we built
two such resistive loads using twen-
ty-cight 220-ohm, 2-watt resistors in
parallel for cach load. Besides the
non-inductive advantages of such an
arrangement, this gave us a pair of

Operating Levels for System in Fig. 7

loads each capable of absorbing 56
watts of audio power continuously
—suitable for even the highest pow-
ered amplifiers.

Two setups for observing output
waveforms are shown in Figs. 8A
and 8B. In Fig. 8A, observation of
the output waveform is made direct-
ly by an oscilloscope, and distortion
amounts are cstimated from experi-
ence, in the absence of a distortion
analyzer. In Fig. 8B, a distortion
analyzer is interposed between the
output and the scope, so that dis-
tortion content can be observed on
the scope as well as measured on a
meter. Usually, better amplifiers will
have a bias adjustment potentiome-
ter somewhere in the circuit, and if
instructions do not detail optimum
quicscent output stage current, the
best means of adjustment is obser-
vation of the scope for lowest dis-
tortion as the bias control is rotated
from one extreme to the other.

Component Input Min. Input Max. Output Min. Output Max.
Tuner — — 0 (has volume 2 volts rms
control)
Phono Cartridge — e —_ 0.1 volt rms
Tape Unit — -— 0.1 volt 0.5 volt
(has control)
Preamp: Tuner input 0.1 volt 0.5 volt 0.5 volt 2.5 volts
Phono input 2.0 mv 70 mv 0.5 volt 5.0 volts
Tape input 0.1 volt 0.25 volt 0.5 volt 2.5 volts
Power Amplifier 0.25 volt 0.5 volt — 50 watts
TUNER PREAMP POWER AMPLIFIER
—— 1.0V R
[ ] | e | 000 4| L, (10
= =i | o { SPEAKERS
(@) (@) IITO © 0 (0] | B
ot o.sv|}
(0] A& [oXe}
PHONO TAPE

Fig. 7 Typical hi-fi component setup. Accompanying table shows that levels of in-

put to preamplifier and amplifier are misadjusted, causing distortion in first three

stages of preamplifier and amplifier.

Program Scurce Distortion

Besides discrepancies in matching
levels between components, distor-
tion often is produced by one or
more of the program source ele-
ments of a stereo high-fidelity sys-
tem, such as the FM tuner, the pick-
up cartridge of the phono system or
a tape deck or transport mechanism,

Because many signal sources us-
ually are connected to a system, the
first thing to do is climinate the am-
plifier as suspect by listening care-
fully to cach of the system's pro-
gram sourccs. If distortion occurs
with only one of the sources (say,
the FM tuncr), make sure the out-
put level from this component is
compatible with the input-level re-
quircments of the amplifier or pre-
amplifier to which the signal is be-
ing fed. If levels seem right, observe
the output of the offending system
component on a scope, preferably
feeding a single mid-frequency tone
to the suspect component. In the
casc of phono or tape, this will
mean using a frequency test record
or tape. In the case of FM, some
form of FM signal generator with
built-in modulating frequencies will
be required.

Distortion analyzers can be used
with ‘“‘voltagec output” components
as well as with power amplificrs.
Usually, only 0.1 or 0.3 volt is
required to calibrate most distortion
analyzers to 100% refercnce points
on the meters,

If distortion is noted in the out-
put of an FM tuner, it usually can
be traced to poor alignment of the
tuner, mistuning or, in rarc in-
stances, to the single audio amplifi-
cation stage often employed just
ahead of the tuner output.

Distortion found in phono or tape
systems requires a bit more analy-
sis, because these devices include
transducers, such as tape heads,
phono cartridges, etc., as well as
preamplifier stages associated with
them. Waveforms should be exam-
ined first at the preamplifier outputs
of these system components, ahead
of the main amplifier. If distortion
is noted, a low-level audio signal
should be fed to the input of the
preamplifier involved. Audio levels
for tapc head preamplifier inputs
are usually no more than I milli-
volt, while for most magnctic cart-
ridges the level varies from under |
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Use Aerovox capacitors
available from your local
AEROVOX DISTRIBUTOR

He's your best “one-stop” source for
virtually every-replacement capaci-
tor you require. He carries the com-
plete Aerovox line which includes:
ceramics, micas, electrolytics,
papers, film and interference filters.
So no matter what your replace-
ment requirement, you're sure to
find it at an Aerovox Dsitributor.

service it

FAST

with
components

that

millivolt to about 5 millivolts, at
mid frequencies.

If the preamplifier section is dis-
tortion-free, the transducer itself
should be suspected. In the case of
phono cartridges, this can mecan a
defective stylus which is unable to
track the record groove and gener-
ates distortion, a mechanically de-
fective coupling between stylus and
the rest of the cartridge structure or.
in the casc of ceramic or crystal
cartridges, a defective clement.

Don’t overlook the fact that the
records beirg played also might be
worn, contributing significant
amounts of audible distortion. This
cffect will be first noticed with re-
spect to high frequencies, since these
closely spaced undulations in the
record groove wall arc worn or dis-
torted more casily than low-frequen-
cy recorded information. In the case
of tape hcads, loss of good frequen-
cy responsc, especially high fre-
quencies, means misalignment of the
head with respect to the tape travel
or, more often, dirty heads coated
with oxide compounds, which are
picked up from the tape. Other than
these purely mechanical defects,
there is little that can go wrong
with a tape head, short of an open
coil, which would be obvious.

Speaker System Distortion
It is often stated that loudspeak-
er systems ‘“never wear out”. Noth-

ing could be further from the truth.
A loudspeaker is called upon to
move air by mecans of a vibrating
cone, and anything that vibrates
continuously in this manner, and
must be suspended and centered
with extreme accuracy, is certainly
subject to wear,

Often, a rubbing voice coil or a
stiff, restricted cone of a loudspeak-
er can sound very much like a dis-
torted amplifier. The only way to
tell the difference is by isolating the
two elements by means of waveform
analysis.

If you hear distortion in a system,
and have climinated the signal
sources as the cause, the next thing
to do is to connect your scope at the
input terminals of the speaker it-
self. If the waveform obscrved there
(cither by listening to program ma-
terial or by means of a test tone fed
to the amplifier) is still “clean”, you
can be relatively certain the distor-
tion is originating in the loudspeak-
er itself.

In a multi-speaker system contain-
ing woofer, mid-range and twecter,
placing your car close to these in-
dividual speakers usually will dis-
close which is defective. Most scrv-
ice shops are not properly cquipped
to repair spcakers which are me-
chanically defective; this work
should be left to the manufacturer
of the particular speaker, if possible.
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Fig. 8 Two methods used to examine amplifier distortion using: (Top) an oscillo-
scope connected across dummy output load, and (Bottom) using a distortion ana-
lyzer to feed the scope with just the distortion content.
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NEA Annual Convention Agenda

The annual convention of the National Electronic
Associations (NEA) will be held July 14-19 at Stouffers
River Front Inn, St. Louis, Missouri.

A complete schedule of both business and family
recreational events has been planned.

Those planning to attend should register for the
convention and make their own hotel reservations as
soon as possible; those arriving late who have not
registered in advance can do so between 9:00 AM and
6:00 PM the first two days of the convention and
between 9:00 AM and 12 noon the remaining days.

Business Agenda

Tuesday, July 14

9:00 AM to 6:00 PM—Registration open

Wednesday, July 15

9:00 AM to 6:00 PM—Registration open

9:00 AM to 4:00 PM-—Business Management School

(two-day course)

Supervised by: Miles Sterling, California State
Electronic Association

Cost (including 4 coffee breaks and two luncheons):
NEA members $30.00
nonmembers $40.00

Place: Danicl Boone Room

Thursday, July 16

9:00 AM to 6:00 PM—Recgistration open

9:00 AM to 4:00 PM—Business Management School

(2nd and final day)
9:00 AM to 4:00 PM—Alignment School (onc-day

course)

Produced by: Test Equipment and TV Manu-
facturers

Cost (including 2 coffee breaks and luncheon):
NEA members $10.00
nonmembers $14.50

Place: Spirit of St. Louis Room

5:00 PM to 6:00 PM—NEA Board Meceting (NEA

officers and state presidents)

Friday, July 17

8:00 AM—Breakfast sponsored by TSA of fowa
Speaker: Robert Elder, Radiological Health Center
Cost: No charge to registered guests

9:00 AM to 12 noon—Registration open

9:00 AM to 12 noon—NEA business meetings
Place: Lewis & Clark Room

9:00 AM to 4:.00 PM—Alignment School (repeat of
course offered on Thursday)

11:00 AM—Speech by Gordon Burns (place and theme
of talk not announced)

12 noon—Nebraska Electronic Service Association
Speaker: Keynote address by Rodger Brehm, CET,
NESA.

Cost: No charge to registered guests
4:00 PM—Speech by George Mena, Centralab, Member
ber Service/Dealer Committee of EIA Dis-
tributor Products Division

Subject: Cooperation between elements of elec-
tronic industry

6:30 PM—Hall-of-Fame Banquet and presentation of
membership awards by M, L, Finncburgh, Sr.,
Chairman of the Board, The Finney Co.

Cost: No charge to registered guests

Saturday, July 18

8:00 AM—Indiana Electronic Service Association
(IESA) Breakfast

Cost: No charge to registered guests

9:00 AM to 12 noon—Registration open

9:00 AM to 12 noon—NEA business meetings
Place: Lewis and Clark Room

9:00 AM to 4:00 PM-——Alignment School (repeat of
one-day courses conducted on Thursday and
Friday)

12 noon—Luncheon

Cost: No charge to registered guests

4:00 PM—Talk by Guillermo L. Russell, CET, Presi-
dent of Television Service Association of Dela-
ware Valley (Philadelphia)

Subject: “From 34 to 215 members in our associ-
ation locally . . . the many advantages.”

6:30 PM—Cocktail Party, sponsored by Howard W.
Sams & Co., Inc., Indianapolis (Publishers of
PHOTOFACT’s and ELECTRONIC SERVIC-
ING magazine)

Cost: No charge to registered guests

7:30 PM—Presidents Dinner Dance, sponsored by
California State Electronic Association—Sur-
prise entertainment

Cost: No charge to registered guests

Sunday, July 19

9:30 AM to 11:30 AM—Brunch
Cost: No charge to registered guests

10:00 AM to 2:00 PM—NEA business meeting
Place: Lewis and Clark Room

2:00 PM-—NEA Board of  Directors Meeting (new
officers and state association presidents)

Registration For Pre-Paid “Guests” Events
The following prices include 3 breakfasts, 3 luncheons,
1 brunch, 1 banquet, 1 dinner-dance, 1 riverboat trip
and 1 cocktail party.

Members Nonmembers

Men $42.50 $50.00
Ladies 37.50 42.00
Young Adults (12 to 18 years) 32.50 37.50
Children (Under 12) 24.50 30.00

Family Recreation Activities
Recreation activities begin at 1:00 PM Tuesday with
a bus sight-seeing tour of St. Louis and conclude Satur-
day with a Teen Dance at 7:30 PM. Between these
two events are packed a wide variety of other pre-paid
and pay-as-you-go family recreational events including
swimming, tennis, shuffle board, opera, golf tourna-
ment, bowling tournament, trips to zoo, animal shows,
boat trip, etc. A
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photofacthueln

Puororacr BuLLETIN lists new PHoTOrRacT coverage
issued during the past three months for new TV chas-
sis. This is another way ELECTRONIC SERVICING brings
you the very latest facts you need to keep fully in-
formed between regular issues of Prnotoracr Index
Supplements issued in March, June and September.
Puororact folders arce available through your local
parts distributor.

AMC

3C-432A, 3C-436A,

BCHBEA zwwmacusmaas nes s 1090-1

3C410A ... 1095-1
ADMIRAL

Chassis T3K4-1A/-1B . ... .1093-1

9P400 (Ch. NAL-1A) ... 1098-1
BRADFORD

1105C30, 110530,

WTG-56325A,

WTG-60053A . ... ...... 1093-2
CATALINA

122-240A, 122-244A,

122-248A ... 1095-2
CORONADO

TV2-6626A, TV2-6627A .. .1098-2

TV26633A ...........ocn 1100-1

CHANNEL MASTER

6108A, 6112A, 6116A ... ... 1093-3
CROWN

TTV-L, 7TV-2 ... ..., 1090-2
EMERSON

12P60A/B, 12P61W ... ... 1096-1

29P10: ¢, % fipai Fhysad g0 1098-3

GENERAL ELECTRIC

Chassis H-3 ............. 1094-1

ChassisC-1 .............. 1100-2
HITACHI

TWU65 ... 1091-1

) R 1092-1

TWU-60, TWU-66 .. ... 1096-2
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MAGNAVOX
Chassis T945-01-AA ... ... 1099-1

MOTOROLA

Chassis C12TS-465 . ... ... 1091-2
Chassis TS-921 Series
(Codes C-00 thru D-03) ..

OLYMPIC
CT400 (Ch. CT1990) ....1099-2

PACKARD BELL

CQ622 ... ... 1092-2
PENNCREST
4851B-48, 4352B-46
4853B-49 ... ... 1099-3
2318, 2324, 2325 2331 . . . 1100-3
RCA

Chassis CTC35AB/XA/XALL/
XB/XC/XF/X]/XK/XL . .1092-3

Remote Control Receiver

CTPI111H,

Transmitter CRK9C ... . .. 1092-3-A

Remote Control Receiver

CTP12F,

Transmitter CRK10C ... .. 1092-3-13
SEARS

Chassis 562.10431 ... .... .. 1090-3

5037 (Ch. 564.80120/121) 1097-1

SEARS SILVERTONE
Chassis 528/529.72660

thru 528/529.72688 ... .. .. 1091-3
SYLVANIA

Chassis B-12-1, B12-2 .. .. .. 1094-2
TRIUMPH

RK-5601 ................ 1094-3

WARDS AIRLINE
GEN-11960A (63-11960) ..1097-2

ZENITH
A2410C2 (Ch. 14N22) ... .1095-3
Chassis 14A9C50, 14A9C51 1097-3
Remote Control Receiver

S-77536,

Transmitter S83596 . .. . ... 1097-3A
AM-FM-FM Stereo

Chassis 20AT30/Z ... .. ... 1097-3B



AMC

3C420B ................. 1104-1
CATALINA

122-738B hiws emavusmuans 1101-1

122-T40A < oaszsemmns nizan 1105-1

CHANNEL MASTER
6105, 61094, 6113A,

BIITA ... ... ... 1101-2
DUMONT

59T01W, 59T02W (Ch.

120916A, 120972) ........ 1102-1

(Remote Control Receiver

471965 and Transmitter

471937 included with TV)
EMERSON

Chassis 120924A/B . ... . ... 1104-2
HITACHI

CFA-550 ................ 1103-1
MIDLAND

15009 wgp 572 nemmnge Siwgidks 1105-2
MUNTZ

N80, 1 tawisrsm iwrasionis nim 1104-3
PANASONIC

CT-23P, CT-23PC, CT-24W 1102-2
PENNCREST

685-4827, 2631-48A ... ... .. 1106-2
PHILCO-FORD

B610TWH, B630TWA

(Ch. 20R27) ............ 1102-3
REALISTIC

16-1251, 16-1252 ... ....... 1106-1
RCA

EP404W (Ch. CTC22AD) .1107-1
SEARS

5019 (Ch. 562.10890) ..... 1101-3

5004 (Ch. 564.80100,

564.80102) ............... 1103-2

4074 (Ch. 562.10481/482/

520/521/522/523/

524 . 1107-2
SYMPHONIC

TPTN26 .ot . vaw'sie/svikim s 1107-3
WARDS AIRLINE

GHJ-17220A, GH]J-17240A,

GHJ-17250A ............. 1103-3
ZENITH

A3914W2(FC) ........... 1105-3

Remote Control Receiver

S-80373, Transmitter

S-68933 . ................. 1105-3A
76549H09 (Ch. 14Z8C50) 1106-3
Remote Control Receiver

S-77536, Transmitter

S-68936 .................. 1106-3A
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"Can't you say anything besides,
Goodness, Gracious, Mercy?"

TTo FREE CATALOG' S
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TV PICTURE TUBE REBUILDING EQUIPMENT
C.R.T. Equipment Company, Inc.

2740 Old Lebanon Road
Nashville, Tennessee 37214

Telephone (615) 883-0215

: Mail Coupon Today :
T ( Ple-ase- P;nt)- ------- 1
1 Name 1
1 1
1 Firm Name 1
1 1
I Address 1
1 1
1 City State Zip 1
1 1
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Part 1

MOBILE RADIO SERVICING /An introduction

First of a three-part series that will familiarize you with this profitable field, including troubleshooting techniques

and proof-of-performance tests.

by Leo G. Sands

The Business Is There To Get

Mobile radio has grown into a
$350-million per year business, as
big as the entire electronics indus-
try was shortly before World War
II. By 1975, the volume of sales of
mobile radio is expected to double.
But, there arc two hitches: 1). The
FCC must allocate more channel
space, and 2) more trained techni-
cians must be available to service
the equipment—otherwise the indus-
try’s growth rate will be stifled.

Most manufacturers have diffi-
culty finding enough technicians to
install and service their equipment.
Motorola is one of the leaders in
mobile radio sales because it has
had a service organization, consist-
ing of several hundred authorized
independent service shops, for many
years. GE and RCA, too, have
many authorized independents. But,
because independent servicers have
not fulfilled the demand, Motorola,
GE, RCA and Kaar have had to
establish company-owned service
centers.

How big is the servicing poten-
tial in mobile radio? Let’s take the
biggest first, to cite an example. It
has been reported that there are in
excess of 10,000 base stations and

more than 70,000 mobile units, not
including Citizens-Band (CB) types,
in the New York City metropolitan
area. Yet, there are probably fewer
than 50 full-time mobile radio ser-
vice shops in the area.

A town like Marysville, Washing-
ton, probably has half a dozen base
stations and around 50 mobile units.

Exclusive of CB, each mobile
unit should produce about $120 per
year of service income ($10 per
month), including preventive main-
tenance and repair of equipment
failures. Each base station should
produce at least twice as much ser-
vice income as a mobile unit.

Another potentially lucrative
source of income is servicing of CB
transceivers. Although these sets are
simpler than commercial mobile
equipment, most CBers (Citizens-
band operators), unlike hams, have
no technical skills and must look to
a pro for service.

CB should produce substantial
service income, but not on such a
regular basis. Therc are around 4
million CB transceivers in use whose
owners will have to spend an aver-
age of about $20 per year for ser-
vice. This means approximately $80
million per year in service income.

There’s plenty of room for new-
comers in mobile radio servicing.
It's not a matter of you looking for
business—the business is looking for
you,

TABLE 1 — MOBILE RADIO BANDS

MHz Designation Emission Services
25-50 Low Band FM, AM, SSB All
26.96-27.26 Citizens Band AM, SSB Citizens
12-76 Mid Band FM, AM Manufacturers
150-174 High Band FM, AM Al
450470 UHF Band FM, AM All
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Equipment Types

Even the most elaborate mobile
radio unit or base station is a simple
device compared to a TV set, even
monochrome. Doubtful? Look at
these block diagrams:

* Fig. 1—basic CB transceiver

« Fig. 2—sophisticated CB
transceiver

* Fig. 3—basic FM mobile unit

* Fig. 4—repeater station.

Note that most of the blocks rep-
resent circuitry and functions with
which most hi-fi and TV technicians
already are familiar. The exception
is squelch circuits, which aren’t that
complicated—most consist merely
of a DC amplifier and a DC-oper-
ated relay.

A mobile unit is a transceiver, or
transmitter/receiver. So is a base
station. A repeater is a transmitter/
receiver plus control circuitry.

System Variations

Mobile radio systems differ
slightly in design for various appli-
cations. Most employ single-fre-
quency simplex, in which each sta-
tion transmits and receives sequen-
tially on the same frequency (Fig.
5). In a two-frequency simplex sys-
tem, operation is sequential, but the
base station and mobile units trans-
mit on different frequencies, and can
transmit and receive simultaneously,
as in telephony. In a mobile relay
system, which includes a repeater
station, two frequencies are used on
a simplex basis (Fig. 8).

While the preceding paragraph
might make mobile radio sound
complex, it actually isn’t as com-
plex as the simplest TV,

The same basic system concepts
are used in police, fire, railroad, in-
dustrial, business and other com-
mercial and public-safety radio sys-
tems, So-called class “D” CB sys-
tems employ either single-frequency
simplex (Fig. 5) or two-frequency
simplex (Fig. 6), in the 26.96- to
27.26-MHz band. Class “A” CB



stations also employ either one- or
two-frequency simplex, but in the
460- to 470-MHz band.

Mobile Radio Bands
Table 1 lists the frequency bands
in which land mobile radio systems
may operate.
The low band (25-50 MHz) is
used when maximum range is re-

quired, but is subject to more noise
and skip interference from distant
stations.

The high band (150-174 MHz) is
the most popular band, and is ideal
for urban area communications.

Because the high band is getting
so congested, the most promising
band for the immediate future is
the UHF band (450-470 MHz), in

which noise is seldom a problem
and skip interference is virtually
non-existant, Keep this in mind. If
and when the FCC reallocates TV
Channels 14, 15 and 16 for land
mobile use, UHF band technology
will be applicable.

What You Need to Know
To get into mobile radio servic-

TABLE 2 € = 2 @ cs {Continued) L) 4 () =3
MOBILE RADIO TEST o£ 2| 58 | g% 2E < | € | &S
EQUIPMENT MANUFACTURERS S22 EE =o = R =E &5 S8
=8 | TE | %% |23 s | "5 | 55 | 22
= = S == L= = S ==
Beckman Instruments Inc. Measurements Division
2500 Harbor Bivd. 42 Intervale Road
Fullerton, Calif. X Boonton, N. J. X X X
Bird Electronics Corp. Metric Engineering
30303 Aurora Road 5235 E. Simpson Road
Cleveland, Ohio X Mechanicsburg, Pa. X
Boonton Electronics Corp. Mobil Electronics Inc.
Rt. 287, Smith Road P. 0. Box 1132
Parsippany, N. J. X X Anderson, Ind, X
Computer Measurements Co. Motorola Communications
12970 Bradley & Electronics, Inc.
San Fernando, Calif. X Schaumberg, i, X X X X
Cushman Electronics Inc. PRD Electronics Inc.
166 San Lazaro Ave. 1200 Prospect
Sunnyvale, Calif. X X Westbury, N. Y X
Eldorado Electrodata Corp. Precision Apparatus Div.
601 Chaluma Road Dynascan Corp.
Concord, Calif. X 1801 W. Belle PIn.
Chicago, Il X
General Microwave Corp.
155 Marine RF Communications
Farmingdale, N. Y, X 1680 University
Rochester, N. Y. X X
General Radio Co,
300 Baker Ave. Radio Specialty Mfg. Co.
West Concord, Mass. X X 2023 S. E. 6th Avenue
Portland, Ore. X
Hewlett-Packard Co.
Palo Alto, Calif. X X Sierra Electronic Operation
Menlo Park, Calif. X
Hickok Electrical Inst. Co.
10514 DpPont Ave. The Singer Company
Cleveland, Ohio X {Gertsch Department)
3211 S. La Cienega Blvd,
International Crystal Mfg. Co. Los Angeles, Calif. X
10 North Lee Ave.
Oklahoma City, Okla. X X X X Systron-Donner Corp.
Concord, Calif. X
Lampkin Laboratories, Inc.
Bradenton, Fla, X X Telonic Instruments
60 N. 1st Avenue
Lavoie Laboratories Beech Grove, Ind. X
Morganville, N. J. X
Winslow Tele-Tronics, Inc.
The London Company 1005 1st Avenue
811 Sharon Drive Asbury Park, N. J, X
Cleveland, Ohio X
Marconi Instruments
111 Cedar Lane
Englewood, N. J. X X X *Includes electronic counters

June, 1970/ELECTRONIC SERVICING 55




> RFAMP ~  MIXER I-F AMP = DETECTOR NOISE LIMITER /é/
o VOLUME
ANTENNA. | o
OSCILLATOR SQUELCH %/souucu
T '
< RF POWER AMP OSCILLATOR nC
AF
R R
AF AF POWER AMP AF AMP
SPEAKER Tj L Mmic

Fig. 1 Block diagram of a typical single-channel CB transceiver.

ing, you will have to know about
the circuit operation and servicing
of the following:

* AM and FM receivers

e AM and FM transmitters

* Squelch circuits

e Automotive clectrical systems.

So, what’s so difficult? Also, at
least one man in the shop will have
to posscss a Second Class Radio
Teclephone Operator license. Any
technician who is competent enough
to service color TV, and who is
willing to spend a few hours study-
ing a Q and A manual, should be
able to obtain this license.

Service and Installation Tasks

In the TV service business, you
service and install clectronic cir-
cuitry and antennas. You do essen-
tially the same in the mobile radio
business, except you have vehicles
to contend with,
Installation

Installing an under-dash mobile
unit is no more complex than in-
stalling auto stereo, except that an
antenna is required. A trunk-mount
system, on the other hand, includes
a control head and multi-conductor
cabling. In some cases, a selective
calling decoder, teleprinter and/or
voice scrambler also is installed.

Installation of mobile radio units
has been simplified because it is
no longer necessary to replace car
generators with heavy duty types—
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alternators in modern cars usually
are adequate, and thc standby cur-
rent drain ot solid-state mobile units
is very low, often only a fraction
of an amp.

When remote control capability
is not required, a base station can
be simpler to install than a color
TV. A basc station transmitter/re-
ceiver can be a desk-top unit, or it
can be contained within a wall-
mount or floor-standing cabinet,
The only electrical connections are
to an AC outlet and to the antenna
through coaxial cable. For remotc
control, a leased telephone line gen-
erally is used. When the remote con-
trol unit is in the same building as
the base station, multi-conductor
cable sometimes is used.

Since the “Carterfone Decision”*
was made by the FCC, many mobile
radio systems are being connected
to the telephone system. The tech-
nician installs the phone patch, but
the telephone company installs the
protective block to which the patch
system is connected.

Many base stations are installed
on the roofs of tall buildings and
on hilltops to obtain more favorable
antenna elevation. A leased tele-
phone circuit is required for link-
ing such a base station to its re-
mote control unit, except when a
960-MHz radio link or microwave
system is used as the remote control
transmission medium. A repeater
station of a mobile relay system re-

quires no wire line since it is auto-
matically controlled by its associated
mobile units and control stations.

A base station can have more
than one rcmote control unit and
can be equipped with a selective
calling encoder and/or speech
scrambler. All except the high-
power types (250 watts and up) op-
crate from single-phase, 115-volt
AC power,

Antenna towers, when they are
required, and when they are more
sturdy than the TV receiving an-
tenna type, usually are crected by
the tower manufacturer or a rigging
contractor.

Preventive Maintenance

Preventive mainterance is a rou-
tine chore of the mobile radio tech-
nician. This usually consists of a
monthly check and frequency mea-
surement. When spare mobile units
arc available, a checked-out spare
is usually installed and the original
mobile unit is removed for a bench
check. Preventive maintenance con-
sists of visual and mechanical in-
spection, tube testing, alignment
check and proof-of-performance
tests.

Troubleshooting

Troubleshooting of mobile radio
usually is simpler than TV servic-
ing. Basically, all you have is an
AM or FM receiver, a relatively
simple transmitter and associated
control circuitry. Tube-type units
are easier to troubleshoot because



the parts are more accessible. Solid-
state units, however, seldom are
more difficult to troubleshoot than
solid-state sterco receivers and am-
plifiers. Walkie-talkies are more dif-
ficult to troubleshoot because of
their compactness.

Repairs mainly consist of replac-
ing defective parts and cables. In
many instances, it is necessary to
use only exact replacement parts, in-
stead of universal parts, in critical
circuits. '

Modifications

Another technician’s chore is
modification of older units as rec-
ommended by the manufacturer,
and narrow banding of wide-band
FM sets. This latter function usually
consists of adding or replacing a
selectivity filter and adjusting the
FM deviation control.

Test Equipment

To service land mobile radio, in
addition to scopes and the usual test
equipment used for servicing TV,
some spccial test instruments are
required.

Perhaps the handiest testing de-
vice is a pen-type signal injector,
which contains a multivibrator and
enables quick check-out of nearly
all RF, IF and AF circuits.

The most essential instrument is
a frequency meter, accurate to at
least 0.0001 percent. There are two
basic types. Onc is continuously tun-
able and can be used for measuring
all commonly used frequencies;
however, it requires morc skill to
use them than the other type, which
requires a crystal for every frequen-
cy to be measured. (A frequency
meter also can be used as a signal
generator or to check the frequency

of a conventional signal generator.)

A vital instrument is an RF watt-
meter, for measuring transmitter
output. These come in two basic
types. Onc contains a 50-ohm
dummy load. The other type is used
with a plug-in dummy load and can
be used for both measurement of
transmitter output power and for
tuning a transmitter to its antenna
system.

The modulation capability of an
AM transmitter also can be noted
with an RF wattmeter. When modu-
lated 100 percent by a sinc-wave
AF signal, power output increases
50 percent,

For checking FM transmitter
modulation, an FM deviation meter
is required. Some frequency mcters
can be uscd for this purpose.

A “home-radio” type RF signal
gencrator is not good enough for
aligning mobile radio rcceivers. A
laboratory grade VHF/UHF FM
signal gencrator is required. This
is because it is necessary to be able
to attenuate the RF output to a frac-
tion of a microvolt. This cannot be
accomplished with a lower-quality
signal generator because there is too
much RF leakage through the case.
However, an expert can use such
an instrument effectively. An AM
signal generator can be used for
aligning FM receivers, in spite of
the popular belief that this is not
true.

A sweep generator is valuable,
although not popularly used by mo-
bile radio technicians. It enables
more accurate alignment of FM de-
tectors, alignment of IF stages for
proper bandpass, and observation
of spurious responses.

Vitally important is an accurate
IF signal generator, preferably crys-
tal controlled. A three-frequency
signal generator equipped with 450-
KHz, 455-KHz and 460-KHz crys-
tals can be used for precise zcroing
of an FM discriminator, checking IF
amplifier and discriminator symme-
try, and for setting the IF amplifier
to exactly the right frequency. (This
is very important in a crystal-con-
trolled receiver). Such a signal gen-
erator also can be used for setting
a tunable signal generator to exactly
455 KHz when the greater flexibil-
ity of a conventional signal genera-
tor is required. For TF alignment, a
low-cost, home-radio type RF (AM)
signal generator can be used if
checked against a crystal-controlled
calibrator, or when set to the mid-
point of a selectivity filter’s band-
pass.

A good AF signal generator is
required for measuring AF frequen-
cy response and tone squelch or se-
lective calling components. Also, it
is invaluable for troubleshooting re-
ceivers exhibiting AF distortion.

Service Manuals

Since the manufacturer’s interests
are served when its customers get
good maintenance service, most will
furnish service manuals to service
shop operators. If a manufacturer
refuses, the customer usually has a
manual which customarily is fur-
nished with the equipment. Sche-
matics also can be obtained in cir-
cuit manuals made available by
Howard W. Sams.

Crystals
It often will be necessary to re-

FIRST SECOND SELECTIVITY NOISE
! [
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ANTENNA
FREQUENCY SYNTHESIZER SQUELCH —%SQUELCH
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RE AF
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i

AF SPEAKER J

Mic

Fig. 2 Block diagram of a 23-channel CB transceiver.
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Fig. 3 Block diagram of an FM transmitter/receiver.

place crystals when the original ones
arc defective, and when changing
channels. Crystals can be purchased
from the radio equipment manufac-
turer or from numerous crystal man-
ufacturers, (When ordering crystals,
always indicate the crystal frequency
and the make and model of the
radio equipment. Because of varia-
tions in circuit inductance and ca-
pacitance which affects crystal fre-
quency, the same crystal seldom can
be used in two different models.)

FCC Rules

Every mobile radio shop should
have copies of FCC Rules and Reg-
ulations, Parts 89, 91, 93 and 95,
which can be purchased from the
Government Printing Office, Wash-
ington, D.C, 20402. When FCC
rules change, supplements are

mailed to purchasers of the rules.
To keep up to date on FCC rules,
it’'s a good idea to subscribe to the
Federal Register ($15 per year)
through the Government Printing
Office. This daily publication con-
tains proposed rules changes and
newly adopted rules, long before
rules supplements are published.

Procuring Parts

Types and sources of replacement
parts for mobile radio equipment
are much the same as those for
home entertainment electronic
equipment, “Original equipment”
parts are available from the manu-
facturer of the radio equipment,
either directly or through a distribu-
tor. “Universal” replacement parts
also can be used in some applica-
tions, and are available through
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Fig. 4 Block diagram of an automatic mobile radio repeater station.
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either an industrial electronics distri-
butor or a radio-TV parts distribu-
tor. Although some radio-TV parts
distributors do not handle “indus-
trial” type parts, most will order
them for you,

Buying Test Equipment

Most test equipment designed
specifically for servicing communi-
cations equipment is not available
at parts distributors and must be
purchased directly from the manu-
facturer or through his representa-
tives. Table 2 lists the names and
addresses of some of the major man-
ufacturers of special mobile radio
test equipment from whom catalogs
can be requested.

In lieu of having to invest a great
deal of cash in test equipment, it
can be leased or puichased on a
time-payment basis, The manufac-
turer seldom handles leasing or fi-
nancing. Your local bank can help
you in this regard.

Manufacturer Appointments

To get started in mobile radio
servicing, apply for “accreditation”
by one or more mobile radio equip-
ment manufacturers, such as Mo-
torola, GE, RCA, Kaar, Pye, etc.
The manufacturers generally want
to know what kind of test equip-
ment you have and if at least one
technician has the appropriate FCC
license. When you are accepted, the



manufacturer will undoubtedly re-
fer business to you.

Retailing

Many service shops also sell mo-
bile radio equipment. It is not nec-
essary to keep equipment in stock.
When you make a sale, you order
the equipment from the factory,
equipped with crystals for your cus-
tomer’s channel.

CB scts usually are stocked, and
crystals are installed by the dealer.

If you intend to sell mobile radio
equipment, write to the Federal
Communications Commission,
Washington, D.C. 20554 and re-
quest a supply of Forms 400 and
505 for station license applications.

Setting Up the Shop

Adequate bench space should be
provided so that several sets can be
left turned on for warm-up while
working on another. It isn’t only
tube warm-up we are concerned
with. The entire unit should be at
the temperature it achieves when in
continuous use. Otherwise, frequen-
cy measurements could be mislead-
ing.

In addition to plenty of AC out-
lets, DC power is required for oper-
ation of mobile units. The power
source for each set can be a 12-volt
storage battery “floated” across a
trickle charger. Better, however, is
a metered, variable DC power sup-
ply whose eutput can be set to as
high as 15 volts. A variable power
supply enables simulation of volt-
age variations encountered in mo-
bile installations.

Garage space should be available
for vehicles in which radio equip-
ment is to be installed or serviced.
Obviously, extension cords and
wire-cage protected lamps should
be provided. The ceiling should be
high cnough to clear mobile radio
antennas.

Test jigs will be required in the
garage and at the benches to permit
operation of equipment. When
checking a trunk-mount unit in a
car, for example, the control head,
loudspeaker and microphone are out
of reach. These components can be
part of the test jig which is plugged
into the mobile unit.

To prevent causing interference
to others on the same channel, a
supply of dummy antenna loads

should be available, Either an an-
tenna or dummy load must be con-
nected to a transmitter when it is
operated. Otherwise, the transmitter
can be damaged.

Monitor Receivers

In a small community with only
half a dozen or so mobile radio sys-
tems, one of thc new scanner-type
receivers can be uscd for automatic
monitoring of all local systems, if
they all operate in thc same band.
One scanner-type receiver, for ex-
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ample, can be equipped with crys-
tals for up to eight channels. The
receiver automatically scans all eight
channels sequentially and locks in
on a channel in use. When the sig-
nal ceases, the scanning resumes.
By pushing buttons, any of the chan-
nels can be cut out or selected for
continuous monitoring.

A monitor receiver also can be
used as a test instrument for listen-
ing to modulation quality and for
hum and noise. A mobile monitor
receiver also is handy for making
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Fig. 5 Single-frequency simplex communication system. Each station transmits and

receives sequentially on the same frequency.
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Fig. 6 Two-frequency simplex communication sysiem. Operation is sequential, but
base station and mobile units transmit on different frequencies.
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MEASUREMENTS’
MODEL 188

STANDARD FM
SIGNAL GENERATOR

ALSO MODEL 189

FM ALIGNMENT
GENERATOR

Manufacturers of quality stereo and high-
fidelity FM receivers have established the
Model 188 as their standard for design
and production. Why not service their
receivers with the same equipment and
obtain optimum performance?

FEATURES

® Range 86 to 110 MHz

® Accuracy = 0.5%

m Output voltage .1 to 100,000
microvolts across 50 ohms

& Source impedance, 50 ohms

m Deviation, 0 to = 300 kHz in
3 ranges

® Modulation, 400, 1000 and 10,000
Hz from internal audio oscillator

m FM distortion less than 0.5% at
75 kHz deviation

& Residual FM, 60 db below 75 kHz
deviation

m Double shielding, negligible leakage

® May be used with existing multiplex
modulators

The Model 189 meets all above specifica-
tions and, in addition, provides a 40-Hz,
swept, 10.7 MHz signal with crystal mark-
ers for visual checking of i-f selectivity.

24

MEASUREMENTS

THOMAS A. EDISON INDUSTRIES

McGRAW-EDISON CO.
P. O. BOX 180 JLLL
BOONTON, N. J. 07005

TEL: (201) 334-2131 ! 'ﬁ_ﬂfl
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arca coverage tests and for selecting
base station and repeater sites.

Finding Customers

Your prospective customers won'’t
know you scrvice mobile radio
cquipment unless you let them
know. Since they are relatively few,
except CBers, advertising in news-
papers and over a radio station may
not be justified unless you also sell
radio or “plug” radio-TV service
too.

You can determine who some of
your prospects are by looking for
basc station antennas. Also, your
local police radio officer may know
who uses two-way radio locally.
Call books listing mcbile radio sys-
tem licensees arc going to be pub-
lished soon by R. E. Tall, National
Press Building, Washington, D.C.,
whose firm also publishes daily list-
ings of new licensc applications.
Local lists of CB licensecs may be
purchased from CB Magazine, P.O.
Box 60445, Oklahoma City, Okla-
homa 73106.

Service Charges
Service charges should be estab-

lished by determining what it costs
you to produce a given unit or time
span of service, and then adding to
that figure the percentage of profit
the local market will allow. You can
furnish service on both a time basis
and on a monthly contract basis.
Typically, the charge is about $10
per hour of service or fraction there-
of during normal business hours.
Emecrgency service at other hours
can command from $20 to $25 per
hour or service call.

On a monthly contract basis, the
tec typically is about $12.50 per
mobile unit, plus $25 to $50 for
the base station. This entitles the
customer to drive his mobile radio-
equipped vehicles to your shop for
preventive maintenance or repair
during regular business hours. The
base station is checked out once a
month, and emergency repair ser-
vice is provided at any time on two-
hours notice.

Typically, service shops charge
from $15 to $40 for installing a
mobile unit, depending on the com-
plexity of the system. Ignition noise
suppression is not included in the
basic charge.
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Fig. 7 Two-frequency duplex communication system. Base station and mobile units
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Warranties

The standard factory warranty
covering mobile radio equipment is
for 90 days, during which period
defective parts will be exchanged
by the factory. Some sets are
covered by longer warranties, as
long as two years. Since most parts
are inexpensive, the factory war-
ranty doesn’t mean much to the ser-
vice shop operator, except in the
casc of $160 RF power transistors.

It is your warranty of your ser-
vice that of concern to your cus-
tomers. You can’t afford to offer a
full-coverage 90-day guarantee on
every piece of cquipment you ser-
vice, and stay in business. You did
not design nor manufacture the
customers’ equipment, and you can’t
assume responsibility for its overall
durability, aside from the actual
components you replace. What guar-
antec you offer will have to be
based on your own feeclings about
the matter,

Getting Informed

To get into mobile radio servic-
ing, you must get informed and kcep
informed about the subject. Besides
rcading ELECTRONIC SERVIC-
ING, you should also read Com-
munication News (402 West Liberty
Drive, Wheaton, Ill.), and, if you
also intend to service CB cquip-
ment, you also should rcad CB
Magazine. There are numecrous
books about mobile radio and CB,
some of which were written by the
author of this article. Also, you
should get a set of Sams schematic
manuals covering both mobile radio
and CB.

To get a Second Class Radio
Teclephone Opcrator license, buy
one of the question-and-answer li-
cense preparation books. To get a
clearer picture of the whole mobile
radio ficld, you can take one of sev-
eral communications home study
courses, or attend an electronics
school that offers courses on servic-
ing communications equipment.
Some manufacturers conduct train-
ing programs for personnel em-
ployed by their authorized service
stations.

Or, if you want to learn by doing,
buy and build a CB transceiver kit
or buy a second-hand FM mobile
radio unit and start practicing.

Summary

Every radio-TV service shop op-

erator should give serious consider-

ation to expanding into mobile ra-
dio. The demand for scrvice is
there, and growing fast.

Or, if you want to work for some-
one clse, there are plenty of oppor-
tunities. Run an ad in ELEC-
TRONIC SERVICING, APCO
Bulletin (Box 669, New Smyrna
Beach, Fla.), Communications News
and CB Magazine; your phone will
soon be ringing.

The beauty of mobile radio ser-
vicing is that you dcal with other
business men, not housewives, as in

TV. But, don’t overlook CB. The
customers vary from serious busi-
ness men to what CBers call “ding-
a-lings”, or frustrated hobbyists.
Since all CBers have invested from
$100 to scveral thousand dollars in
equipment, they want to kecp it
operating, And, they’ll pay you for
it.

Parts 2 and 3 of this series will
cover troubleshooting and proof-of-
performance tests, respectively. A
*Carterfone Decision—An FCC ruling, made in
1969, which permits, in some radio services, the

interconnection of a mobile radio system and
the facilities of a telephone company.

Try these installations with
any other five watt un|t|

...Including your budget.

Best of all, even with its mini-size and price, the Messenger
125 is big on performance. Its 5-watt transmitter, with high
level class B modulation and speech compression, gives it all
the ““talk power” you'd expect from a full-size radio. Half-a-
microvolt receiver sensitivity pulls in the weak ones. Auto-
matic threshold noise limiting, IF clipping, and special AGC
circuitry means less noise—better quieting. Full 2-watt audio
lets vou hear even in noisy vehicles. And the Messenger 125
looks great, too. Not a single knob—push-buttons select up to
5 channels, slide-levers adjust squelch and volume. Installs
between bucket seats, in door pockets, on trail bikes—or
over your shoulder with its optional rechargeable battery pack.

Dimensions: 1%¢” High x 4'%:"
Wide x 7” Deep o 4-watts output
at 13.8 VDCeFCC type accepted,
DOC approved e All solid state—
draws just 0.2 amperes on
squelched stand-by e Optional
portable pack available with re-
chargeable battery, charger, an-
tenna, and leather carrying case

E.F. JOHNSON CO.

WASECA, MINN. 56083
®
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TROUBLESHOOTING TIP?

If you've recently run
across an unusual trou-
ble symptom and have
determined what caused
it, pass the info on to
other readers by sending
it to:

Troubleshooting Tip,
Electronic Servicing
1014 Wyandotte Street,
Kansas City, Mo. 64105

When the troubleshoot-
ing tip is published, you
will receive a check from
ELECTRONIC SERVIC-
ING for sharing your ser-
vicing experiences with
other readers.
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for further information on any
of the following items, circle the
associated number on the
reader service card.

Solid-State Rectifier

Picture distortion resulting from
low boost voltage caused by failing
damper tubes in both black-and-
white and color TV sets reportedly
can be climinated by a new Sarkes
Tarzian rectifier. The solid-state,
octal-based plug-in rectifier updates

a L,/
{a > EVRRE L -

the set, directly replacing such
damper tubes as the 6AX4 and
6AU4 types.

Electrical characteristics at 15.7
KHz include ratings of 5000 volts
peak inverse voltage at 210 milli-
amps, with maximum peak current
limit of 1300 milliamps, according
to the manufacturer. The maximum
ambicnt temperature rating is 85°C
(188°F). The unit is designed for
parallel filament circuits only.

Designated Catalog Number
XP405, the damper replacement
sells to service dealers at $6.60

each.
Circle 70 on literature card

Detection System
ACRO-GUARD, a completely
self-contained ultrasonic intruder
detection system, complete with au-
tomatic emergency phone dialing, is
announced by Acron, According to
the manufacturer, ACRO-GUARD’s

silent radar-like detectors, casily
installed by any business owner, re-
spond instantly to the presence of
an intruder; then it automatically
calls the police and anyone clse you
designate on the custom-program-
med tape and delivers an emergency
message.

Fire detection, as well as “panic
buttons”, bells, sirens, light switch-
ing and other signals, reportedly
can be added to ACRO-GUARD.

The list price of this unit is $495.

Circle 71 on literature card

Plotter Cart

The Technibilt Corp. has added
to its equipment line the X-Y plot-
ter cart, designed specifically for
carryine clectronic instruments. The
18-in. X 24-in. top deck may also
be used to provide additional work
space in shop or lab.

The carrier is built for maximum
strength by using 16-gauge, 78-in.

N\

R

steel tubing in the arc-welded
frame, and 1-in. X I-in. angle irons
for rigid support, according to the
manufacturer. The height of the cart
from the floor to the handle is 35
inches. Optional features include a
choice of deck coverings, utility
drawer, side brakes and electrical
outlet box.

Model 81554 is priced at $69.50.

Circle 72 on literature card

Miniature Parts Tray
A miniature parts tray iS now
available from Contronic Devices.






