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Don’t let shutdown circuits shut you down
What do you know about...do-it-yourself test equipment

.. Analog or digital,
which DMM




More Functions. Smaller Budget.

Beckman Industrial Circuitmate” DMMs
put bFE, Logic, Capacitance, Frequency and
True RMS In Your Hand. For Less.

Get more, for less. It’s a simple defi-
nition of value. For DMMs, value means
finding the combination of capabilities that
meets your needs at the right price. Without
losing sight of accuracy and reliability

If you want more functions at a low price,
Beckman Industrial’s Circuitmate™ Digital
Multimeters are the best value around.

From the pocket-sized DM20L to the
DM850, with true RMS capability and accu-
racy t0 0.05% + 1 digit, Circuitmate DMMs
give you the functions you need.

For instance, the DM20L puts both a
Logic Probe, a transistor gain function (hFE),
and a full range of DMM functions in the
palm of your hand. For only $69.95.

Then there’s the DM25L. Where else
does $89.95 buy you a Logic Probe, capaci-
tance measurement, transistor gain function
(hFE), and 24 DMM ranges including resist-
ance to 2000 megohms? Nowhere else.

When high accuracy counts, there’s the
DMB800 with a4 Y4 digit display. The DM8()

]

DM20L Pocket-Size

wi/Logic $69.95*

TTL Logic Probe: 20MHz
Hiflo/off indications
Detects 25nS pulise
widths

hFE (NPN or PNP):
1 range (1000)

DMM: Input Impedance—
10 Megohms
DCA/ACA-5 ranges
(2001:A to 2A)

Ohms-8 ranges (200 ohms
to 2000 Megohms)

Continuity beeper

also gives you frequency counting, A full-
function DMM, and more, doesn't have to
cost over §169.95. If it’s a Circuitmate
DM800.

Or, for a few dollars more, get true RMS
(AC coupled) to let you accurately measure
non-sinusoidal AC waveforms, and all the
capability of the DM800, in the DM850.

Of course, there’s a whole range of
Circuitmate DMMs and service test instru-
ments, including the DM78 autoranger that

DM25L

Capacitance, Logic,

hFE $89.95*

TTL Logic Probe: 20MHz
Hiflo/off indications

Detects 25nS pulse
widths

Capacitance: 5 ranges

{2nF to 20uF)
hFE (NPN or PNP):

1 range (1000)
Continuity beeper
Built-in bail
Anti-skid pads

Borkrman

DM850

True RMS

4%, digits. DCV accuracy

is .05% +3 digits

True RMS

Frequency counter to

200KHz

Data Hold display

capability

Continuity beeper

Built-in bail

Anti-skid pads

Price: DM850 (True
RMS). .. .$219.95*
DMB800 (Average)

........ $169.95*

fits in a shirt pocket, yet gives you a full size
3% digit, % " readout. Not to mention a
complete line of accessories like test leads,
current clamps, even probes that can extend
your DMMs range and sensitivity. All
designed to work flawlessly with your
Beckman Industrial Circuitmate DMM.

See your Beckman Industrial distribu-
tor and discover more DMM performance.
For less.

*Suggested list price (SUS) with battery, test leads and manual.

Indisstrial”

Beckman Industrial Corporation Instrumentation Products Division
A Subsidiary of Emerson Electrnic Company

3883 Ruffin Rd., San Diego. California 92123-1898

(619) 565-4415 ® FAX (619) 268-0172 ® TLX: 24003]

© 1987 Beckman Industrial Corporation
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3-year on parts and labor, including CRT
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The how-to magazine of electronics. ..
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Analog or digital, which
DMM is best?

By Mike Hahn

[t’s often not a matter of
best, but of better in certain
circumstances. Whether you
choose digital or analog
may depend on what you’ll
be troubleshooting.

18

Don’t let shutdown
circuits shut you down
By Greg Carey, CET

The first of a 3-part series,
this article gives you a step-
by-step guide to
troubleshooting safety
shutdown circuits, from
identifying the circuit to
defining the symptom and
isolating the cause.

page 10
The main advantage of the digital multi-
meter is its easy-to-read display.

page 18
Shutdown circuits can be complicated
to troubleshoot, but once you know how
they work, you can quickly zero in on the
problem.
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Test your electronics
knowledge

By Sam Wilson, CET

Can you answer a typical
second-class FCC license
test question? If you’re not
sure, this month’s quiz will
be a good study guide.

60

What do you know about
electronics? — do-it-
yourself test equipment
By Sam Wilson, CET
Sometimes the perfect piece
of test equipment just isn’t
being manufactured. With a
little spare time at the
bench, you can create some
simple but useful tools.
Also, a note on the
potentiometric method.
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Sometimes it’s hard to.s
back for a scope!

go
60-MH:z full-function
field-service Attache Case

Oscill osswﬁe is SO lnght and

small it be taken
everywhere, every time.

LBO-325 packs ak the power and
performance of a cumbersome,
backbreaking, 60-MHz workbench
oscilloscope into an easy-to-carry, ultra-
compact, featherweight unit. Although its
3%-inch CRT is as big and clear as
screens on large field-service scopes—
LBO-325 weighs only 9 Ibs. So it won't
weigh field-technicians down, no matter
how far afield they go! LBO-325 is S0
small it fits inside a 3-inch deep attache
case with room to spare for a multimeter,
service manuals and some tools. The ideal
full-function scope for a cramped
work area or crowded bench.

Redpces the cost of
service
Time is money. A scope
left in the vehicle takes
time to retrieve. One kept
in the shop causes repeat
service calls. The LBO-325 %
For information Circle (4) on Reply Card
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Attache Case Oscilloscooe is so
easy to caty and use, techs will
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And tne tme saved translates into
extra prof t for years to come.

Outperforms all other

portables:

* 60 MHz » Dual channel » ALT TIME

BASE simultaneously displays main

waveform and any expanded portion

+ ALT TRIG for stable display of.

2 asynchrcnous signals - Bright,

sharp 12-kV trace « Large 3%z-inch

PDA CRT - llluminated graticule

» Comprehensive triggering » TV-V and

TV-H sync separators « Variable trigger

hold-off « Delay line shows sharp leading
edges * CH-1 output drives
low-sensitivity instruments

+Measures only 3 x 9 x 11%

inches * Weighs 9 Ibs.

Two-year warranty.
3uilt tough to provide long
Be, LBO-325 is backed by
Leader's 30-year reputation
for relizbility and by
factory service depats
on both coasts.

LBC-323 CRT is shcwn actual size.

all toll-<ree

(800) 643 -5104
(516) 231-6900

Request an evaluation sample, our
latest Test Instrument Catalog with over
100 outstanding products, the name and
address of your nearest “Select” Leader
Distributor, or additional infermation.

For professionals

whno
know | 31D 32
the Instruments Corporation

difference.

380 Oser Avenue
Hauppauge, New York 11788
Regional Offices: Chicago, Dallas
Los Angeles, Boston, Atlanta
In Canada call Cmnitronix Ltd.
(514) 337-9500
For Demoustration Circle {43) on Reply Carc



Helping us
help you

Consumer electronies technology
continues to advance at a hreakneck
pace. Not only are manufacturers
producing a stream of new products,
such as digital audio CD plavers and,
more recently, digital audiotape, but
the technology of the old standbys,
sueh as television and steren, are
constantly heing updated.

Take, for instance, one of today's
high-end TV sets. You'll find it tull of
integrated eireuits that vive it
excellent picture quality and allow
vou to tune the set remotely or view
a program from one channel inset
with a picture from another channel.
These madern sets have startup and
shutdown cireuitry that provide
additional safety factors.

All of this new technology is of
great benefit to consumers. but it
frequently causes additional problems
for servicing technicians. When a TV
set fails, for example, is it a simple
problem with one of the TV circuits,
or did something trigeer shutdown?
Or did the startup cireuitry fail to
operate properly for some reason?
What's inside one of the ICs, and how
do you tell when one is
malfunetioning? And how does that
digital cireuitry operate?

These questions and more have
heen asked hy readers in letters, in
phonecalls and in some of the
questionnaires we have included in
past issues of ES&T. One of this
issuc’s articles. “Don’t Let Shutdown
Circuits Shut You Down.” is in direct
response 1o an overwhelming number
of reader requests that we publish
articles on that subjeet. In the future
we'll be running more articles on
suhjeets that have heen specifically
requested by readers.

This issue presents an especially
good opportunity for readers to tell
us what kind of articles they want to
sec¢ in ES&T. We are, at this
moment., planning the articles that
will be published next vear. To help
us find out what articles ynu want,
we're running a special questionnaire
on one of the pages of heavier paper
in this issue. page 45. The answers to
that questionnaire will provide us
with impartant information ahout you
and your information needs. Won't
vou take just a moment to complete
that questionnaire?

Another impartant source of
information that helps us know more
about our readers is the Reader
Service card in every issue. It gives
you a convenient way to request
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Editorial

additional free information from
advertisers or companies whose
products or hiterature are mentioned
in the issue, and it tells us more
about you: the type of business you're
in, vour position, the tvpe of work
vou do. This information is also vital
to us in planning what types of
articles to publish. 1 vou do send in a
Reader Service card, won’t vou fill
out those spaces and tell us that
valuable information?

There is one more piece of
information that you can easily
communicate to us if you use the
Reader Service card. We really want
to know what you think about this
issue and every issue of ES&T. The
hox on the address side of the Reader
Service card provides a space for you
to say a few words about whether or
not the issue fulfilled your needs for
information and if it appealed to you.
Won't you take a few moments to fill
it in?

Below that is another space where
you can tell us what kind of articles
you'd like to see in future issues of
ES&T. In the past, comments in that
space have led to specially
commissioned articles about
frequently requested information. Tell
us what you want to see and we'll try
to oblige.

Readers’ Exchange

Readers’ Exchange is a free service
that we provide to ES&T readers.
Judging by the number of items we
publish each month, it’s a popular
service. It allows readers to contact
each other in order to buy and sell
equipment and share information.

If you wish to make use of this
service, there are only two things we
ask: 1) Please limit your For Sale or
Wanted items to only three. Space in
the magazine is limited and we can’t
possibly publish someone’s long list of
items. 2) Please type your Reader’s
Exchange items when possible, and if
that isn’t possible, please print
carefully and legibly. Please spell out
names of manufacturers and
products, and if there’s any possibility
of miscommunication, please provide
any clarifying remarks that might be
necessary. If we can’t read an item,
we'll return it and ask that it be
resubmitted, and that wastes your
valuable time.

Nde Connd Corram



e B
eS
36 a7 (af\gd‘ance

3
e asu( e\’ﬂer\\

ASK FOR FREE CATALOG.

= S =

Toll Free

Fordham &oesess

260 Motor Parkway, Hauppauge, NY 11788

Circle (5) on Reply Card

WWW.americanradiohistorv.com

Money orders, checks accepted. C.0.D.'s require 25% deposit.

Service & Shipping Charge Schedule
Contisental U.S.A

FOR ORDERS ADD
$25-5100 $450
$101-$250 $6.00
$251-500 $800
$501-750 $10.50
$751-1,000 $1250
$1.001-1500 $16.50
$1,501-2000 $20.00
$2.00% and Up $25.00




DAT legislation on hold

In response to the controversy
surrounding digital audiotape
(DAT) recorders and the CBS anti-
taping chip’s audible distortion of
music, the congressional commit-
tee studying the problem has
asked the National Bureau of
Standards (NBS) to test the chip.
NBS is expected to conduct the
test within the next few months.
CBS has refused to release the ex-
act specifications of its system
unless assured that NBS will keep
them confidential.

In a related development, the
Home Recording Rights Coalition
(HRRC) has been joined by several
recording artists in the fight
against legislation that would pro-
hibit for three years the U.S.
manufacture, sale, resale, lease or
distribution of DATs that do not
contain an anti-taping chip.

EIA publishes consumer
electronics sales figures

Sales of color televisions expand-
ed during the first half of 1987, ac-
cording to the Electronics Indus-
tries Association (EIA), Wash-
ington, DC.,

Color TV sales to U.S. dealers
totaled nearly 8.8 million units
during the January to June period,
as compared with 8.1 million dur-
ing the first half of 1986. June
sales topped 1.7 million units, a
10% improvement over the same
month last year. KIA predicts that
at least 18.3 million color sets will
be sold in 1987, which would make
this the biggest sales year in the
product’s history.

In terms of percentage growth,
however, the hottest video hard-
ware product is the camcorder
(camera/VCR combinations for
family movie-making). For the
first six months of this year, cam-
corder sales totaled more than
580,000 units—a 49% jump over
the same period a year ago.

For the first half of the year,
almost 5.7 million videocassette
recorders (VCRs) were sold to
dealers, off fractionally (0.5%)
relative to the January to June
1986 period. EIA predicts that
13.7 million VCRs are likely to be
sold during 1987, which by year’s
end will extend VCR penetration
to 50% of the U.S. households.

Consumer electronics sales
June 1987 vs. June 1986

Jan.-June Jan.-June Percent

1987 1986 change

Color television 8,768,844 8,113,441 + 8.1
B&W television 1,415,623 1,744,956 -18.9
VCRs and camcorders 5,690,707 5,716,562 - 05
Camcorders only 583,229 390,929 +49.2
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These Photofact folders for TV receivers have been released by Howard W. Sams since ES&T’s last report.

GENERAL ELECTRIC

CHASSISX110-A .. ... ... ... 2516-1
HITACHI

CT2065W .. ... o 2518-1
HITACHI

GRS 67 M S e e B e A R A1 U 25211
HITACHI

(CUAZIST UEE B 108 P AW e P S o D22, s s, 2522-1
MAGNAVOX

CHASSIS 25C802/803/805/819,
26C801/802/803/810/811/812/813/815/818. . . .. .. 2521-2
PANASONIC

CTG-1311,CTH-1311 (CH. GP113/NMX-L4) .. ... 25171
PANASONIC

CTH-2560R (CH.GXLHM) ................. .. 25201

PANASONIC
CTH-1040R, CTJ-1040R (CH. NMX-K10D)

SEARS
564.40551650/51, 564.40560550

SEARS
564.42861650/51/52

SHARP
25KT15

SONY
KV-2775R (CH. SCC754B-A)

SHARP
14KV455, 14KV465

SHARP
FF25664, 25KT55

mﬁ{lnﬁl%% TRIPLERS/ pq s FLYBACKS FOCUS DIVIDERS ¢ )
= [
® Nioal | I FD100 A
REEPCE)ACESMKECI)\”S For ECG®... \-’7/ ORDER TYPE DESCAIPTION PRICE REPLACES SANYQ & SEARS # ESPA-Q8-FI ® = Z0064 ® ESPA-Q4
FIY 200 ... SANYQ #4-2751-60108 . ... . 7.05 8.95
TYPE NO 3 MIN 100 MIN g
FLY 205 ... . SANYO #4-2751-48600 ...... 7.95
500A/GES27 ... SK3304 ... 7.90 . . 6.95 e SANYO #4-2751-48500 705 FD200
523/GE508 ... SK3306.... 7.75 ... 6.50 il - d REPLACES SANYO & SEARS #ESPA-91
526A/sk305 775 = FIY215 . . SANYO #F0-192 ... ... . 1195 8.95
528/sk3006 875 115 FLY220 ... SANYO #F1123 ........ . .. 1195 -
529/GEs29. . .SK3307.... 875 . .. 1.5 FLY225 . SANYO #F0-239 .. . 1275 =
NEWSSS . 1895 1695 | FY2so . Bm#7e7s0r0os3 2250 OUTPUT TRANSISTORS &\Qr)‘
NEWS560 . .. ... ... ... 1775 ... 16.25 FLY235 . .. SHARP #RTRNF2037TAZZ .. . 12.95 - " 50 00
NEWS61 ... ... ... ... 1845 12.95 FLY235 .. .. SAMPQ #8FT046 ... . . .. 12.95 s 1 I e
® 238 .. 189 175 155
ADDITIUUNAL REPLACEMENT FOR POPULAR ECG TYI;ES u e S S e e
TYPE 10 5 100 | TYPE 10 50 100 | TYPE 1 5 100
85 1796 . 54 171 ... 30 28 25 | 201 45 a3 ag| B9 295, 275 225
1024 25 2. 19 | 172A 2. 1 09 | 292 .. 45 .. 43 39 2501341P ... 165 ... .. 145 135
116 07 06 . 05| 184 .. 30 28 25 | 319p 2. 20 18 BUYGOA . . .. 249 . 225 165
123A 14 12 10 ) 185 . .. 30.... 28... 2533 . 40, 38 .. 35
123AP 08 07 06§ 194 . . 10.... 09. . 08 |332. ... 4 ... 38... 35
125 07 . 06 . 05| 196 8 s 30|35 s a3 a9 MORE SAVINGS
128 29 26 23| 197 . 38.... 34... 30|37 . . 48 . 44 40
129 29 2% 23| 198 44 9. 36 | 379 145 . 135 ... 125 10 50 100
152 25 22 18 | 199 0. 09... 08 |30 195 ... 185 ... 175 LA1365 8 75 65
153 25 22 18] 233 0. 09 ... 08|3% . 75 68 .. 60| o > ;
154 49 45 . 40| 234 0. 09.... 08 | 397 75 B8.... 60 2501398 ... . 195 185 175
156 19 17 15 | 261 39 .. 3. . 33|38 ... 55 ... 49 45 250313 40 38 35
157 38 34 30 | 262 42 39, 36 | 399 39.... 3 . 30 SB24 15 28 25
158 30 28 25 | 263 39 36... 33506 . . 48.. 38 29 :
159 10 09 07 | 264 42 39 ... 3 | 552, ... 2. 24 19 230613 .. 48 44 38
162 180 . 165 . 145 | 265 3. 3. 3|72 ... 8. ... 715 65 2SD401A 85 75 65

PHICES SUBJECT 10 CHANGE WITHOUT NOTICE OFFER GOOO WHILE SUPPLY LASTS ECG is a Trade Mark of Phillips ECG, Digitron Ele. not associated with Phillips ECG

MINIMUM ORDER $25

DIGITRON ELECTRONIC CORPORATION 110 HILLSIDE AVENUE o SPRINGFIELD. NEW JERSEY 07081

201-379-9016 e 201-379-9019 e 1-800-526-4928 e TLX 138441 e FAX201-467-8065
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HFE, MORE ...

clude 0.5% VDC accuracy; 100 .\, 0.1u *
tion. Measures capacitance to 20nF v’
tion. Audible continuity and diod="

For field survivability, it fea*

verse polarity and ove:’

fusing. Contact: P° T

Street, Chicago, &
B&K-PRECISIO
3% digit DMM, at §
clude 0.5% VDC acc

more-than-full-feature 3% digit DMM, at a sur- ﬂ}/
prisingly low price. Features include 0.5% VDC ¥
accuracy; 100 wV, 0.1pA, 0.14), resolution. Measure$
capacitance to 20mF with up to 1pF resolution. Audible
continuity and diode junction tests are built in. For field
survivability, it features a drop resistant case, reverse
polarity and overload protection and high-energy
fusing. Contact: B&K-PRECISION, 6460 W. Cort-
land Street, Chicago, IL 60635 (312) 889-9087.

FREQUENCY COUNTER AND DATA HOLD
HIGHLIGHT NEW 4'2 DIGIT DMM
For engineers in need of ahigh-
accuracy 4% digit DMM and a
low range frequency counter
the 2940 is made to order. DC
voltage accuracy is 0.05%.
Resolution is 10V, 10nA, and
0.019. Frequency measure-
ments span from 20Hz to
200kHz with up to 1Hz reso-
lution. The 2940 features a
drop resistant case with full
internal circuitry protection.
E 155.00 Contact: B&K-
ION, 6460 W.
Cortland Street, Chicago, IL
60635 (312) 889-9087.

HAND-HELD TEST BENCH READS VOLTAGE,
RESISTANCE, CURRENT, HFE TEMPERATURE
AND LOGIC.
The new 2906 3'% digit DMM from B&K-PRECI-
SION is virtually a hand-held test bench, with a re-
markable range of functions. °C and °F temperature
measurements cover from
—20C to 1000°C. The logic
capability is ready for TTL
and CMOS circuits. Other
features include drop resis-
tant case, reverse polarity
and overload protection;
plus high-energy fus-
ing. DC accuracy, 0.25%
VDC. $95.00 Contact:
B&K-FRECISION,
6460 W. Cortland Street,
Chicago, IL 60635 (312) 889-9087.

TRUE RMS DMM OFFERS
PEAK HOLD, CAPACI-
TANCE, AND LOGIC

3% digit true RMS handheld
DMM featuring 0.1% DC
accuracy. Housed in an
ergonomic, drop-resistant
case, the 2907 offers many
functions and a low price.
Resolution is 100uV, 0.1pnA
and 0.1Q). Capacitance to
20uF with 1pF resolution.
Peak hold feature freezes transient readings. Fully
protected. Also checks logic, continuity and diodes.
$190. Contact: B&KK-PRECISION, 6460 W. Cort-
Tand Street, Chicago, IL 60635 (312) 889-9087.

75 DMM MEASURES CAPACITANCE, TRANSISTOR

B&K-PRECISION’S new 2905 is 2 mc-=-than-full-*
3% digit DMM, at a surprisingl= ow price. F

¥

4%, DIGIT TRMS DMM READS FREQUENCY AND TEM-
PERATURE

The aew 2945 is well suited for beth the enalog and digital
worlls. DCV accuracy iz 0.05%, witt 10uV, 10n2,
0.012) resolution. Idata hod freez:s voltage and zurrent
readings. °C and “F temoderatuze read ngs ar= from
=207 to +1200°C frequency from 20 He to 200kHz.
AC woltage and cu-tent ar= read 1 true RMS. ilso
checks continuity and dibdes. $250.00 Contact:
B&K-PRECISION, 6460 W. Cortiand Strest,
Chi-ago, IL 60635 (312 889-S087.

THE BEST

DMM BUY?
NOWIT’S
K-PRECISION
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Analog or digital,
which DMMis best?

It depends on what you’ll use it for

Analog VOMs long have been used
in the repair and maintenance of
consumer electronics products.
However, developments in digital
meters and in the equipment to be
serviced have eroded the founda-
tion of the analog meter. There are
still applications, however, in
which analog meters excel. Before

Hahn is manager of test and evaluation
at Triplett,

By Mike Hahn

examining these areas, I'd like to
give an overview of the current
state of digital and analog
products.

Although commercial-grade in-
struments were available to the in-
dustry in the early ’60s, digital
meters for use in servicing con-
sumer electronics products were
not abundantly available until the
late ’60s and early '70s. These
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meters initially resembled their
analog counterparts in both form
and function.

Several restrictions did apply,
however. These early DVMs were
tied to a 110Vac power cord.
They had limited resolution (about
212 digits), were not very reliable,
and often behaved unpredictably.
DVM portability was achieved by
using power inverters to raise bat-



tery voltages up to the potentials
required to operate nixie tubes.
Considering these limitations,
analog meters had the edge.

In these “medieval” times, meter
circuitry was usually discrete, be-
ing overpopulated with resistors,
capacitors and transistors. Some
designs compressed the compo-
nents into standing-room-only
areas, which made the -circuit
boards look as if they were covered
with miniature cordwood. Inte-
grated circuits gradually reduced
the component count by replacing
sections of the analog front-end
with op-amps and sections of the
digital ecircuitry with RTL and
DTL logic devices. Similarly, the
3Y2-digit voltmeter came into
being.

Although modernized, today’s
3'2-digit meter is much the same in
concept as its predecessors. The
slope integration technique, then
and now the typical method of
measurement, was reduced to
microchip and resulted in
voltmeter-on-a-chip 1Cs. The large
majority of 3Y%-digit meters manu-
factured prior to about 1980 were
based on these chips. Consequent-
ly, most digital meters from that
era bear very similar charac-
teristics, the most notable being
the familiar 200mV basic range
with 2,000-count resolution. All
higher ranges fit this form with a
simple 10:1 resistive divider be-
tween the ranges. An instrument
with readouts of 0.2V, 2V, 20V
and 220V is common.

In search of new capabilities,
several meter manufacturers
moved into custom LSIs. True rms
ac circuitry became possible when
Analog Devices developed a chip
that contained all the necessary
circuitry. Coincident with these
developments, offshore competi-
tion, mostly from Japan, was be-
coming a threat to American
manufacturers. Many American
digital meter wmanufacturers,
unable to compete with the off-
shore products, simply began
marketing the offshore products,

with new labels bearing the
American companies’ logos.

American vs. Japanese

The outcome of this situation is a
schism in product offerings to
service and repairmen. Today,
digital meters, with few excep-
tions, are manufactured offshore.
These products often use a chip set
developed in Japan. As with the
American voltmeters-on-a-chip,
these Japanese chips also are
recognizable by their behavior.
They are 3%-digit voltmeters with
autoranging and extremely high
impedance on the de basic range.
Because these chips have some
features that can be programmed
during manufacturing, some varia-
tions exist, but in general the chip
architecture limits the amount of
customizing that can be done, and
consequently most of the products
incorporating these chips behave
similarly.

So, on the one hand we have the
digital meters based on Japanese
chips, and on the other hand we
have American meters based on
American standard ICs or custom
ICs. The two groups are outwardly
recognizable by the features on the
meters. Of course, this basic divi-
sion of meter types does not in-
clude all of the myriad possibilities.
There are some offshore meters
using American chips and some
American meters using what ap-
pear to be Japanese chips.

New features

Meters with 4%-digit resolution
also are commonly available.
Again, there are American chips
and Japanese chips to accomplish
this function. One interesting
4'%-digit, hand-held meter pro-
vides autoranging in volts and
ohms as well as true rms ac, a
built-in frequency counter, a
digital thermometer, a continuity
heeper, a dBm range, RELative
measurements, Data Hold and
Peak Hold.

The A/D converter is also a
25,000-count unit, as opposed to a
20,000-count unit. This allows the
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Digital multimeters

A 3%.-digit or 4%2-digit meter usually is adequate.
Choose one that has the greatest number of counts
on each range, as this increases the accuracy and
resolution.

uP-controlled meters often offer additional features
such as autoranging and a variety of measurement
functions.

Particularly useful when troubleshooting linear ICs,
they are even more useful when used in conjunction
with an oscilloscope.

Unless they are adequately shielded, they usually
are susceptible to interference from extraneous
noise sources.

DVMs offer 10M$ or more of input impedance.
Their price ranges from $30 to $700 for general-
purpose troubleshooting.

Analog multimeters

They are subject the destruction of meter move-
ment because of excessive current flow through the
circuitry. Choose one that offers a lot of input pro-
tection.

Usually the least susceptible to interference from
extraneous noise sources, they can malfunction
around an RF transmitter.

Because of their lower input impedance (50kQ/V)
and consequent ability to inhibit noise pickup, they
are often the best choice for servicing appliances.
Incorporating multiple scales, they make several

related readings available simultaneously.

e Their built-in electromechanical integration
smooths jittery readings.

e They vary in price from $10 to about $400.

meter to measure with 5Ye-digit
resolution (when compared to a
200,000-count, 5Y%-digit meter)
between 20,000 and 25,000 counts.
For example, a 20k count volt-
meter would measure 2.2 volts as
2.200V (ImV resolution). A 200k
count voltmeter would measure
2.2 volts as 2.2000V (100.V resolu-
tion). A 25k count voltmeter would
measure 2.2 volts as 2.2000V
(100uV resolution), or with the
equivalent resolution of a 5'%-digit,
200k count meter.

A more sophisticated benchtop
meter has these capabilities and
more. Among its features is the
user-definable comparator. This
feature allows the user to select,
via the keyboard of the meter, ac-
ceptable limits to an anticipated
measurement. A simple example
of such a function would be the

sorting of resistors for a particular
value. The meter could be set to ac-
cept only 10,000Q@ +0.1%
resistors. When various resistors
are connected to the meter, the
meter’s display indicates the
resistor’s value and informs the
user, via annuciators in the L.CD
display, whether the resistor Is
high or low in value or is within the
acceptable limits. If the resistor is
acceptable, a beeper sounds. So,
resistors easily can be graded as to
their value. The high and low
signals, as well as the go (accept-
able) signal is available on the back
panel of the meter so that external
equipment, such as a sorting gate,
can be controlled.

Similarities/differences
Several basic similarities exist
among hand-held digital meters.
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The LCD has displaced all other
technologies for readout display,
primarily because of LCDs’ low
power consumption, which greatly
extends the battery life of hand-
held meters. The LCD also allows
manufacturers to customize the
aesthetics of their particular prod-
uct by providing specialized
displays for various measurement
functions. Perhaps the most flam-
boyant display of this ability is
found on a French meter that
generates an analog-like meter
scale on the LCD.

Another similarity exists in the
method of powering hand-held
meters. Most fall into one of two
categories, either 3V power (from
two AA or button cells) or 9V
power (from a standard 9V tran-
sistor radio battery). The battery
life is usually somewhere hetween
200 and 2,000 hours. Most meters
are limited to a 1,000Vdec input or
750Vac input. In fact, examination
of hand-held meter specifications
will undoubtedly reveal more simi-
larities than differences. Again,
this results from the chips used to
construct the meter.

Some differences are noted in
available features. The ability to
measure transistor gain and capa-
citance or to act as a logic probe is
found on some meters. In general,
these features, when included in a
DMM, do not perform as well as a
product dedicated to performing
these tasks. They are included to
broaden the appeal of the product
to the user.

Some not-so-obvious differences
in meters include the ability to
withstand mechanical and elec-
trical abuse. Beckman markets a
line of meters advertised as being
water- and drop-resistant. This is
accomplished with seals and inter-
nal supports to improve mechan-
ical stability. Fluke states that a
large percentage of the circuitry in
its hand-held meters is dedicated
to input protection. Typical protec-
tion devices include varistors,
zeners, current limiting resistors,
PTCs, clamp transistors, clamp
diodes, fuses, gas discharge tubes
and spark gaps.
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Another area of difference, sel-
dom mentioned, is the product’s
ability to perform in environments
permeated with RF, such as in
close vicinity to TV or radio
transmitters. Because the hand-
held meter’s case is plastic, RF
susceptibility will be affected by in-
ternal shielding and RF noise
filtering.

Benchtop service industry
meters are quite similar to the
hand-held meters in function and
often differ mostly in physical
form. The most obvious difference
is in the type of readout used.
Because 110Vac is available to
power the instrument, LEDs, gas
discharge, fluorescent and Numi-
tron displays may be used in
place of L.CDs.

Benchtop meters are often, al-
though mot necessarily, more ac-
curate. Specifications should be
examined closely to determine the
performance of any product con-
sidered for purchase. In 3%-digit
meters, accuracy usually varies
from 0.5% to 0.1% on dc ranges;
4'2-digit meters are usually ac-
curate to 0.05% on dec. Prices
range from about $30 for an inex-
pensive 3Y2-digit pocket meter to
about $700 for a 4%»-digit benchtop

meter with some additional
measuring features.

New ideas in analog

Analog VOMs have remained
unchanged in function for years.
However, some imaginative ideas
have surfaced in their packaging.
This is exemplified by the fold-up
meter introduced by Metrawatt
and later offered by Radio Shack.

Early design goals of analog
VOMs centered upon extending
the measurement range of the in-
strument while reducing the load-
ing of the circuit under measure-
ment. This resulted in the vacuum-
tube woltmeter. The concept, al-
though wviable, produced a meter
with unusual power requirements
(plate and filament voltages) and
sometimes bias supplies.

Portable VIVMs used multiple
batteries to supply these needs.
Some used special batteries that
contained all the necessary
voltages in one block consisting of
several types of batteries in a
single cardboard container. The
modern version of this meter is
transistorized or uses ICs. It is
sometimes known as a tran-
sistorized voltmeter (TVM) or
FET VOM.
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Another design goal was the de-
velopment of drop-resistant
VOMs. The Triplett Model 60
series is an example of this techno-
logy. During in-depth testing,
these meters are subjected to
several 5-foot, free-fall drops onto
a concrete floor. They are ex-
pected to survive with only
cosmetic damage.

Perhaps the most devastating
failure that can befall an analog
VOM is the destruction of the
meter movement by way of ex-
cessive current flow through the
circuitry. This happens most often
when the user inadvertently ap-
plies 110Vac to the X1 or X10
ohmmeter range. The result is a
bent meter pointer and some
toasted resistors. In an attempt to
prevent such failures, most better-
grade VOMs incorporate fuses,
clamp diodes, zeners, gas dis-
charge tubes or relays to limit or
prevent damage.

Analog vs. digital

The cost of digital and analog
meters overlap each other, in-
asmuch as prices range from $30
to $700 for a digital and $10 to
$400 for an analog model. This can
complicate choosing which meter
to purchase. Following are some
guidelines.

First of all, as with all products,
manufacturers try to convince
users that newer is better. Al-
though there is a certain amount
of truth to this claim, one should be
aware that not all innovations can
be used effectively for all types of
electronic servicing. A case in
point is the analog vs digital con-
troversy or old-against-new
technology.

For years, servicing of house-
hold appliances relied on measure-
ments taken with non-electric
analog meters. Most of the volt-
ages measured were 110Vac,
220Vac or 24Vac. About the only
resistance measurements neces-
sary were continuity and leakage
resistance from the electrical com-
ponents to the case of the ap-
pliance. Analog meters served this
purpose well and they continue to



satisfy the test requirements. On
the other hand, digital meters or
electronic VOMs actually can
deceive the user. Because of their
high input impedance, these
meters will measure stray 60Hz
noise in the air, producing
readings of voltage when con-
nected to de-energized open lines.
This can be misleading to someone
unfamiliar with this type of instru-
ment.

Although appliances are using
more and more electronics, most
service technicians who work on
this type of product consider the
electronics as replaceable mod-
ules. It is therefore unnecessary
to have a meter capable of trouble-
shooting electronic circuits. Given
this ecriterion, a non-electronic
analog meter is the best choice. It
is easy for the user to understand,
and it creates the fewest measure-
ment eccentricities.

Consumer entertainment elec-
tronics, on the other hand, poses a
different problem. Present designs
rely on precision voltages, cur-
rents and resistances. Trouble-
shooting this type of equipment re-
quires a meter with accuracy and
resolution. Although a 3'-digit
meter is adequate in most cases,
4%-digit meters offer a greater
level of confidence in measure-
ment accuracy. This is particularly
true when measuring voltages
around an IC or tuning voltages in
a voltage-tuned RF stage. As with
all electronic troubleshooting, it is
not wise to rely upon one source of
instrumentation. A good meter is
the basis of a technician’s required
equipment, but an oscilloscope is
just as useful, and in many cases,
more useful. Try to troubleshoot a
digital circuit without a scope!

Drawbacks with digital

Still, there are times when serv-
icing consumer equipment that a
digital meter is a hindrance rather
than a help. A digital meter is
useless for measuring quantities
that change quickly over a large
range of amplitudes. The user
would see a constantly changing
group of numbers on a digital

meter. An audio voice or music
signal is a good example of such a
quantity. Analog meters, called
VUs (volume units), were devel-
oped years ago to measure audio
signals of this type. They have
standardized sensitivity and ballis-
tic characteristics that define how
the meter must respond to con-

stantly changing complex signals.

Digital meters are also a nui-
sance when trying to peak or null a
circuit. This situation might arise
when you attempt to align tape
heads or an RF circuit. Although it
is quite easy to understand how an
analog meter shows a peak or null,
these types of measurements on a

80
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digital meter require the user to
calculate mentally whether a
reading is greater than or less
than the previous reading.

This is relatively simple to do,
but it does represent additional

mental fatigue if the user is
performing such measurements
continually. Makers of digital
meters have recognized this prob-
lem and have introduced models
with analog bargraphs in the LCD
display in addition to the typical
digital readout. Fluke hand-helds
are noted for this feature.

The multiple-scale feature of
analog meters, although initially
confusing to someone not familiar
with multimeters, has several ad-
vantages. The pointer of the meter
intersects all scales simultaneous-
ly. It is therefore possible to in-
dicate quantities that change
mutually on two different scales,
one above the other. For example,
when you measure sine waves, rms
and peak-to-peak voltages can be
shown on the meter dial and indi-
cated simultaneously. Consequent-
ly, it is unnecessary to perform cal-
culations to convert from rms to
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p-p or vice versa. On a meter that
measures temperature, Fahren-
heit and Celsius can be indicated
simultaneously. Resistance and
semiconductor material also can
be indicated simultaneously.

Analog meters also have some
advantages in terms of response
time, depending upon the user’s re-
quirements. Because of the ballis-
tics of the meter movement, a typ-
ical VOM will integrate the signal
applied to it. In fact, this property
is exploited in the ac circuit of the
meter. After rectification of the in-
put signal, there is no capacitive
filtering. The meter movement
itself, in effect, filters the signal,
integrating the signal peaks into a
smooth reading. Depending upon
the update interval and amount of
R/C time constants in the signal
chain of a digital meter, the read-
ing may change continuously,
never stabilizing.

Personally, T use both analog
and digital meters for trouble-
shooting consumer electronics
products, selecting whichever
meter best suits my intended use.

G5
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DM-3000 3% DIGIT

ROTARY SWITCH DMM

Just one of three DMM's in our Economy
Series that combines quality with econ-
omy. Features include builtin HFE,
battery and diode testing; conductance
function; 300 hour battery life; 10Adc
range; electronic overload protection on
all resistance ranges; pocket-sized. (Also
available models DM-1000 & 2000).
Ranges: 0-200m/2/20/200/1000Vdc;
0-200m/2/20/200/750Vac; 0-200p/
2m/20m/200m/ 10Aac/dc; G-200/2K/
20K/200K/2M/20M (2 ; 1.5V battery
test; 0-1000 Hfe test; 2K 2 diode test.
DM-1000: $39.95 / DM-2000: $54.95 /
- DM-3000: $69.95

EZ-6111 3% DIGIT

AUTORANGING DMM

Unique and sophisticated in design,
you'll find measurement taking a breeze.
Loaded with features like autoranging in
volts and ohms; manual range selection
in all functions; diode test function; aud-
ible continuity indication; normal and low
power ohm ranges; 10Aac/dc range;
overload protection on all ranges; 300

| hour battery life. Ranges: -200m/2/
20/200/1000vdc; 0-2/20/200/
600Vac; 0-20m/200m/10Aac/dc;
0-200/2K/20K/200K/2MQ ; 0-2K/
20K/200K/2M) LoQ? . $104.95

DM-3010 3% DIGIT
PUSH BUTTON DMM

The standard in tough, job-proven digital *

multimeters. Housed in shock resistant
ABS plastic, you'll find safety was a prime
design consideration. Also equipped with
overload protection on all ranges; special
electronic protection to 500Vac/dc on
resistance ranges; UL1244 type test
leads; normal and low power ohm ranges;
10Aac/dc range; auto zero and auto
polarity; built-in tilt stand. Ranges: 0-
200m/2/20/200/1000Vdc; 0-200m/
2/20/200/750Vac; 0-200p/2m/20m/
200m/2/10Aac/dc; 0-200/2K/20K/
200K/2M/20MQ . $80.00

DM-7010 4%: DIGIT

ROTARY SWITCH DMM

High accuracy readings in the laboratory
or in the field. Features include 4% digit
19999 max. display; built-in frequency
counter to 200KHz and conductance
function; 0.05% basic dc volts accuracy;
overload protection on all ranges; special
electronic protection to 250Vac/dc on
resistance ranges; UL1244 type test
leads; diode and continuity tests.
Ranges: 0-200m/2/20/200/1000Vdc;
0-200m/2/20/200/750Vac; 0-200u/
2m/20m/200m/2/10Aac/dc; 0-200/
2K/20K/200K/2M/20M 2, 0-200nS
conductance; 0-20K/200KHz fre-
quency. $170.00

DM-8010 3% DIGIT

ROTARY SWITCH DMM

This easy to use DMM features a dc Volt
accuracy of 0.25% of reading; overload
protection on all ranges; special elec-
tronic protection to 500Vac/dc on re-
sistance ranges; instant audible continuity
buzzer; UL1244 type test leads; auto zero
and auto polarity; diode test function;
built-in tilt stand. Ranges: 0-200m/2/
20/200/1000vdc; 0-200m/2/20/200/
750Vac; 0-204/200u/2m/20m/200m/
10Aac/dc; 0-20/200/2K/ 20K/ 200K/
2M/20MQ) . $84.95

DM-6592 ELECTRO-PROBE™ DMM

One of the smallest, most convenient
hand-held DMM's you'll ever own. It's
both autoranging and manual and is the
perfect instrument for taking readings
easily and accurately in hard to reach
areas. Other features include instant aud-
ible continuity buzzer; one-hand opera-
tion; electronic overload protection on all
ranges; data-hold button. Ranges: 0-
200m/2/20/200/500vdc; 0-2/20/
200/500Vac; 0-200/2K/20K/200K/
2000K/20MQ $70.00

DM-6500 3% DIGIT
. AUTORANGING DMM

This sensitive yet rugged instrument is
loaded with features you'd expect to pay
much more for. The 6500 offers auto-
ranging; low battery consumption; fuse
protection; safety test leads; audible con-
tinuity buzzer; auto zeroing; shock re-
sistant housing. Ranges: 0-200m/2/20/
200/1000vdc; 0-2/20/200/600Vac;
0-200m/10Aac/dc; 0-200/2K/20K/
200K/2MQ. $99.95

DM-1 POCKET-PRO™ DMM

Big features are packed in this pocket-
calculator sized DMM. You'll find auto-
ranging; electronic overload protection
on all ranges; auto-polarity; audible and
visual continuity indication; buift-in test
leads; “booklet-type” carrying case is de-
signed to fit easily in shirt pocket.
Ranges: 0-2000m/20/200/400Vac/dc;
0-200/2000/20K/200K/2000K 2 ;
0-2002 continuity. $29.95

AW. SPERRY INSTRUMENTS ING.

For more information see ;our local distributor or contact AW. Sperry Instruments Inc.

245 Marcus Blvd., Hauppauge, N.Y. 11

WWW.americanradiohistorv.com

88 o 800-645-5398 Toll-Free (N.Y. and Alaska call collect 516-231-7050).
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This 1s the first of three articles ex-
plaining how to isolate high-voltage
problems related to startup, shut-
down and regulator circuits. Trou-
bleshooting these circuils is compl-
cated because all three circuits
cause nearly identical symptoms.
And, when shutdown happens, il
does so in the blink of an eye, leav-
g you with a dead set and few
clues.

Part I covers the safety shutdown
circusts. Part II will concentrate
on startup cvrcutts and Part IIT
will look at the regulator cireuils,
which intermangle with the other
two. These three articles will com-
bine to give you a full understand-
wng of modern television horizontal
output circuits.

Shutdown circuits protect the
owner of the TV receiver in sev-
eral ways. First, they prevent ex-
cessive x-ray emission if the high
voltage goes over its normal lim-
its. Second, they reduce the
chance of fire caused by a major
failure. Third, they prevent a de-
fect in one circuit from causing
damage to other components.

Safety shutdown circuits became
popular when manufacturers elim-
inated the bulky and expensive
power transformer. The iron-core
transformer developed the many
power supply voltages, but it was
always a source of wasted energy.
However, the transformer also
acted like a big sponge to soften
surges in the ac line. With the
transformer gone, some other
means of protection was needed.

The horizontal output stage has
suddenly taken over all the respon-
sibility of power distribution and
surge protection. The power han-
dled by the flyback and output
transistor is increased, because
every microampere of current
needed to operate the set now
comes through them via scan-de-
rived supplies. Surges on the ac
line, including those induced by
nearby lightning strikes, must now
be absorbed by the output stage
and its voltage regulator. All these
things make the output stage more
subject to damage and harder to
repair.

The basic operation of the safety

Don't let =

shutdown
circuits

shut you

down

Learning how shutdown circuits work and how to
diagnose them will allow you to get TV sets back in

operation quickly.

By Gregory D. Carey, CET

shutdown circuit is really quite
simple. A circuit senses an elec-
trical parameter such as voltage or
current. If the parameter exceeds
a safe limit, the circuit interferes
with the operation of the horizon-
tal circuits. This sound simple, but
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there are many factors to compli-
cate matters. The circuits are easi-
er to understand if you look at the
different kinds of sensors first,
and then look at the different ways
the circuits interrupt the horizon-
tal stages.
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Figure 1. A simple but effective detector consists of a winding on the flyback that feeds to a level detector. This circuit shuts

down the set if the flyback pulse is larger than the two zener voltages. (Schematic diagram courtesy of NAP)
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Figure 2. In some chassis, such as this RCA chassis, dc voltage from power supplies, CRT biases and high-voltage returns can

be used to trigger shutdown. (Schematic diagram courtesy of RCA)
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Figure 5. Some units use an SCR to
short the drive signal to ground when a

trigger signal has been applied to its ::

gate. "
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The sensors

Shutdown circuits need a meth-
od of sensing when something has
gone wrong. Three methods are
commonly used: sensing a flyback
pulse, monitoring a de voltage and
sensing the horizontal output tran-
sistor current. All these sensors
detect whether an ac or de signal is
larger than a particular level.
Sometimes a single sensor has in-
puts from two or three sources, al-
lowing several test points to be
monitored simultaneously.

The most common sensor is a
winding on the flyback transfor-
mer that feeds to a level detector.
Excessive amplitude of the pulses
from this winding means voltages
at the other flyback outputs are
too high. Shutdown occurs.

The winding usually connects to
a transistor, diode or zener diode
that has been biased just below the
winding’s normal pulse amplitude.
If the pulse exceeds the normal
level, it causes the diode or transis-
tor to conduet, which in turn acti-
vates the circuits that interfere
with the horizontal stage.

Figure 1 (page 19) shows a com-
mon version of this sensing tech-
nique used in the NAP 19C7 chas-
sis. The zener diodes (CR520 and
CR512) normally do not conduct
because the pulses coming from
pin 2 of the flyback are lower than
the zener breakover voltage. If the
pulses become larger than 19.6V
(the two zener voltages), the ze-
ners conduct, firing the shutdown
SCR (SCR519), shutting down the
output stage.

Safety sensors may also monitor
de voltages. Some RCA chassis,
for example, sense a regulated de
power supply, the beam current
coming back from the CRT, and
the dec at the CRT screen grid. If
any of these voltages climbs too
high, the set shuts down.

Figure 2 (page 19) shows the
method RCA used in the CTC97
chassis to combine a pulse detector
and a dc level detector in a single
transistor. The dc arrives through
the emitter resistor (R3198), which
comes from the low side of the high
voltage flyback winding. This signal
represents the total beam current
drawn by the CRT. If the de is too
high, the x-ray protection transis-
tor (Q3080) turns on. The same
transistor also monitors two puls-
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Figure 6. Many RCA chassis also include an extra safety circuit that shuts down the power supply oscillator during some
overload conditions. (Schematic diagram courtesy of RCA)

es from the flyback, which enter
through the x-ray detector diode
(CR3132) and the overvoltage de-
tector diode (CR3120). If either
pulse is large enough to cause the
transistor to conduct, the set goes
into its protection mode.

A third kind of sensor monitors
the current drawn by the horizon-
tal output transistor. Figure 3 (page
20) shows how the RCA CTCR9

chassis does this. The 1.8Q resistor
(R401) is between the emitter of
the output transistor and the nega-
tive side of its power supply. The
resistor acts as a current shunt. If
the voltage across the resistor is
too high, we know (from Ohm’s

Law) that the transistor is con-
ducting too much current. There
must be something wrong in the
output stage, so the set shuts down

to prevent damage to other com-
ponents.

Some receivers use only one of
these sensors. If so, it is generally
the pulse sensor connected to the
flyback winding. Some chassis,
however, use two or three sensing
methods. Because each sensor
may monitor several test points, as

many as six different circuits may
trigger a shutdown. In any case,

CIRCUIT

TRANSPORT CASES

Physical and static protection for
valuable circuit boards.

Put tough protection around your expensive circuits dur-
ing transit and storage with economical “Fortress” cases from
Atrix. These double-wall units guard against static, RF and
EMI, as well as mechanical stress.

B Rugged layered construction — ABS plastic
over aluminum

8@ Sizes to suit various circuit boards — 24
models from 12 x 14 to 18 x 24 inches, all
8-inches wide, custom sizes also available

B Supplied with static dissipative Z-fold foam
packing and tie-down straps

8 Flush handle, sealable latches, stackable in
any combination of sizes, with case-to-case
grounding

Call the Atrix Easy-Order 800 Number
for fast service.

{ 'D ATQIX, INC 14221 Ewing Avenue South Burnsvile, MN 55337

(B12)884-6154 1-800-222-6154 FAX(612)894-6256 Telex 9102400139
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the horizontal stage is affected.
Affecting the horizontal

Sensing a problem is only half of
the job. The sensor must, in turn,
do something to the horizontal cir-
cuits to affect their operation.
There are three methods used:
blocking the drive, interrupting
the power supply and throwing the
horizontal oscillator out of sync.

The most common shutdown cir-
cuit blocks the drive to the horizon-
tal output stage. Figure 4 (page
20) shows how the RCA CTC108
accomplishes this. If the safety
transistor (Q414) is turned on, it
drives the horizontal driver (Q411)
into saturation, which blocks the
output of the horizontal oscillator.
Some chassis may use an SCR in a
similar manner, where the SCR di-
verts the drive signal to ground, as
Figure 5 (page 20) shows.

The second kind of shutdown cir-
cuit interrupts the power supply.
RCA blocks the oscillator that op-
erates the reguliator oscillator, as
Figure 6 shows. The NAP 19C7
chassis shown in Figure 2, by eom-
parison, uses an SCR to divert the
power around the output circuit in
a crowbar fashion. If the SCR
(SCR519) turns on, it grounds pin
5 of the flyback, which is the B+
source for the output stage.

The third method was used by
RCA for many years (see F'igure 7,
page 24). Instead of shutting down
the chassis, it only throws the hor-
izontal circuits a long way off fre-
quency. This may not seem effec-
tive, unless you remember that the
amount of high voltage depends on
the repetition rate of the flyback
stage. Lowering the operating fre-
quency prevents the voltage from
getting too large. It also ensures
that the set’s owner will seek serv-
ice, because adjusting the horizon-
tal hold control has no effect on
the picture.

Sets that use the out-of-sync
scheme often include additional
shutdown circuits as well. Some
problems trigger the circuits that
cause complete shutdown; other
problems cause the horizontal to
operate at the wrong frequency.

What causes shutdown?

A few circuit failures cause most
shutdowns and would cause unsafe
conditions if allowed to continue.
Knowing these causes helps you

find the shutdown problem faster.
Defective voltage regulators are
common causes of shutdown. Reg-
ulators commonly short, applying
raw de to the output transistor in-
stead of the reduced dc that should
be there. If allowed to operate like
this, the high voltage would rise
dramatically. If, for example, the
set normally uses 30kV, a shorted
regulator may produce voltages of
over 40,000V. X-ray emission may
double, arcing may occur and the
yoke or flyback may burn out.

High voltage may also rise if ca-
pacitance hetween the emitter and
the collector of the horizontal out-
put transistor becomes too small.
Some sets use a single safety ca-
pacitor, while others use several
capacitors in parallel. A single ca-
pacitor may change in value, or
one of the multiple capacitors may
open. (See Figure 8, page 50.)

Reduced capacitance causes the
flyback pulse to become too nar-
row. Because the high voltage is
based on the rate of change of the

PROBES AND LEADS

ANYWAY YOU WANT THEM. STANDARD.

From our 112-page Catalog, or to suit
your special needs. Unequalled reliability,
immediate shipment, service and selection.

EZ-HOOK

E-Z HOOK, A Division of Tektest, Inc.,

P.O. Box 450, (818) 446-6175, TWX 910-582-1614.
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Continued on page 50

Figure 7. Many older RCA chassis had a third type of safety circuit that applied dc to
the horizontal oscillator frequency control in order to shift its operating frequency.
(Schematic diagram courtesy of RCA)
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Test equipment catalog

Leader Imstruments has pub-
lished a test and measurement in-
strument catalog that details fea-
tures, specifications and applica-
tions on more than 100 products,
including 18 new products. Equip-
ment available through the catalog
includes oscilloscopes, signal and
NTSC pattern generators, wave-
form monitors and power supplies.

The catalog also includes a sec-
tion providing information on pro-
grammable RGB generators, de-
signed to meet manufacturers
needs for testing and aligning
high-resolution RBG video and
computer monitors.

Circle (125) on Reply Card

Relay guide

Philips ECG has released a pock-
et-sized relay selector guide that
describes the company’s electro-
mechanical and solid-state relay
devices. The 7h-page guide pro-
vides all the information necessary
to quickly and accurately identify
the correct replacements for a
wide variety of relays. Pictorial
and tabular selector guides pre-
sent different relay case styles and
basic parameters in a quick-refer-
ence format. A 2-part cross-refer-
ence section contains industry part
numbers sorted alphanumerically
and by manufacturer. Individual
numbers in both sections are
crossed to the appropriate replace-
ment relays.

Circle (126) on Reply Card

Data communications products
and test equipment catalog
The 1987 Data Direct Sales Cat-

alog from International Data Sci-

ences is an 80-page catalog that
covers the IDS line of hand-held
test sets, modems, multiplexers,
converters, data switches, soft
switches, cables, data comm acces-
sories and more. Descriptions,
specifications, illustrations, photo-
graphs, schematics, pricing infor-
mation and a glossary for refer-
ence is included.
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Test and measurement catalog
This 36-page, 15th annual direct
mail catalog from FEuxtech In-
struments provides complete
specifications and pricing for a
wide selection of new, low cost
measurement, calibration and
testing Instruments for the
laboratory, field and plant. Major
product headings include Ther-

CALL TOLL FREE

Include work address and

mometers, Humidity Meters,
Panel Indicators, Multimeters,
Tachometers, pH Meters, Conduc-
tivity Meters, Dataloggers, Timers
and Pocket Computers. Most all
products feature digital LCD or
LED displays and are available in
hand-held, bench or panel ver-
sions.
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Figure 8. The high voltage tries to increase if the amount of capacitance between the
collector of the output transistor and ground is reduced. (Schematic diagram courtesy of NAP)

Continued from page 24

The biggest trouble with shut-
downs is that they happen so fast
you can'’t tell one problem from an-
other. You need a way to put the

circuits into “slow motion” to give
you time to isolate one probable
cause from another. The best way
to do this is to take manual control
of the main voltage regulator, so

that you can observe what happens
when you slowly change the volt-
age. This may sound complicated,
but it’s really not if you use the
right equipment.

You need a source of adjustable
voltage from an isolated ac power
supply. The isolation is essential,
because almost all chassis that use
shutdown circuits are also hot
chassis using full-wave bridge rec-
tifiers. You cannot connect a
grounded piece of test equipment
(such as an oscilloscope) to full-
wave circuits without shorting out
one of the TV’s power diodes,
along with other components. Iso-
lation prevents this damage.

First, plug the TV into the ac
supply and connect the de volt-
meter to the collector of the hori-
zontal output transistor. Be cer-
tain that your meter has enough
protection, because voltage spikes
of more than 1200V are normal at

Factory Authorized Parts Distributor For

FISHER SANYO PANASONIC
QUASAR (MSC) ZENITH SYLVANIA
PHILCO MAGNAVOX (NAP)
GENERALELECTRIC & RCA

stocking large inventories...
all in stock orders shipped the same day
(if called in by 2:30 New York time)
also stocking

Sharp Samsung
MGA/Mitsubishi

Sony
AOC

Sampo Goldstar
and now JVC

For parts orders call:
(National Hotline)

For all other calls
(info, pricing, availability,

1-800-874-1765 cross referencing, call)
(New York Only) 1-516-585-8111
1-800-874-1764

G M B Sales Inc.
2700 MIDDLE COUNTRY ROAD
CENTEREACH, N.Y. 11720
I am IMPORTANT when you need PARTS
...place me by your PHONE

—— NESDA
Computer Group

COMPUTER SALES AND SERVICE DEALERS
WORKING TOGETHER

Service training.

Assistance in
selecting in-house
equipment and
software,

Specialized soft-
ware for service
management.

L] Factory contacts for service literature and parts.

0 Involvement in a stable and productive national
trade association.

FOR MORE INFORMATION SEND BUSINESS CARD TO:
NESDA COMPUTER GROUP, 2708 WEST BERRY STREET
FORT WORTH, TEXAS 76109; PHONE (817) 921-9061
" v
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How to make
top VCR profits

with no investment
and no headaches.

Now you car.immediately offer complete
VCR remanufacturing service to your
customers.

All makes. All models.

AnyVCF. VHS, Beta. Youname it. Send
itto your authorized PTS Servicenter and
you'll get complete remanufacturing
service.

Fast turnaround.
Dependable service.

Your customer wants it fixed now. PTS
has the world's largest VCR parts inven-
tory. Fully equipped test positions are
manned Dy factory trained technicians,

You get (and give your customers) fast,
guarante=d service.

Famous PTS quality backed by a0 day
PTS warranty.

Every remanufactured VCR gets:

« Complete, thorough cleaning with
special PTS approved nonabrasive
chemicals and cleaning materials.

+ Demagnetization of all metal parts and
heads.

+ Lubrication of all mechanical parts

» Tape guide alignment.

+ Head and tracking alignment.

» Latest manufacturer's updates, defec-
tive and worn parts replaced.

+ Historically high failure parts
automatically replaced regardiess of
condition.

+ Complete electronic tests and checks.

+ Air test and burn-in.

« PT3' 3 stage quality test and spec

peformance guarantee.

Allservices backed by PTS exclusive full
90 day parts and labor limited warranty.

Guaranteed price guarantees your

rofit.

One low, flat

rate includes

parts and

labor. Suggested retail $89.95

*Repair price excludes VCR heads, motors,
baskets, and cosmetics. These items billed at cost
subject to dealer approval. Minimum bench
charge of $24.95 may apply.

Mutilated units and/or previously reworked units
by technicians outside of PTS will be subject to a
$24.95 surcharge. PTSreserves therighttoreturn
any units with repair costs in excess of unit
replacement value.

Getinonthe nation's premier VCR profit
program. Try PTS' VCR remanufacturing
today.

DTCCarnaratinn

N N wews r'l s EEwWES

“Between equipment costs, training,

parts, schematics, and impatient
customers, VCR repair was one
big headache. With PTS I'm

making the same profit

with no investment
and no headaches.
Thanks PTS.”
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For more information or the Servicenter
nearest you contact PTS Customer
Service at (812) 824-9331.
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3 - > the new Digital Storage Oscilloscope
Copw I-.g', ! with 5 MHz sampling rate and 2 x 1024/ 8 bit storage
, realtime bandwidth DC-20 MHz $888.00

y HM 8148

the new intelligent Graphic Printer
firmware for time, date, interval, linear interpolation
zooming function $788.00

DSO Software
with 13 programs
incl. IEEE BUS card
$480.00

VEIS e robone IS 10

= - :
I H

“call toll free

s EERENGNS MmN 1T
(800) 247-1241 BL e IeE
HAMEG, Inc. i
88-90 Harbor Road - Port Washington, N.Y. 11050
Phone (516) 883-3837 - Telex (023) 497.4606
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this test point. With the TV turned
off, set your ac power supply for
an output of about 90V. This volt-
age is high enough to let the cir-
cuits operate, but below the point
where the regulator is working.

Second, connect an oscilloscope
to the winding on the flyback
transformer that feeds to the safe-
ty circuits. If your scope has ade-
quate protection (at least
1200Vpp) you can connect the sec-
ond probe to the output transistor,
along with the voltmeter.

Watch the de voltmeter at the
output transistor carefully as you
turn on the set. One of three things
will happen: the voltage will re-
main at zero, there will be a mo-
mentary burst of voltage that will
then disappear, or the voltage will
be at a level below the normal de
supply voltage. Your next step de-
pends on which of these three
things took place. (See Figure 9
for a troubleshooting flowchart.)

No dc

Absence of dc at the output tran-
sistor means you don’t actually
have a shutdown problem. Move
your dc probe from the output
transistor to the regulator input
(the main power supply filter). If
the meter shows about 100V, you
know that the main power supply
is good, so the trouble is in the reg-
ulator. (Details on regulators will
be covered in a later article.) If
there is no de¢ voltage here either,
you have confirmed a defective
power supply. Check the rectifiers,
fuse and ac line choke.

Momentary dc

This indicates a shutdown has
taken place that involves the pow-
er supply. Remember that some
receivers use power supply inter-
ruption as a shutdown method.
The high-voltage circuits should
not be producing excessive output
when operating at a 90Vac input.
Shutdown could indicate a defec-
tive shutdown circuit. The excep-
tion is when a sensor monitors the
emitter current from the output
transistor. In this case, the shut-
down could be caused by a short in
the output circuits.

Constant dc

A voltage of about 100V con-
firms that the power supply and
regulator are both working. At

this point, you need to determine if
the horizontal stage is running.
Check the scope connected to
the flyback’s safety winding. If you
see pulses, you know the horizon-
tal circuits are operating. You
should apply a test signal to the an-
tenna to check that the video, color
and sound circuits are all working.
In many cases, you will learn that
you don't really have a startup or a

shutdown problem at all. A dead
video amplifier or similar trouble
may cause a blank screen, even if
the horizontal circuits are working
fine. A problem in one of the low-
voltage power supplies may also
cause whole sections of circuitry to
be inoperative.

If the output is dead, you need to
know what happens when you first
apply power. If you are lucky

carrying case

¥ ¢
INSTRUMENTS THAT STAY ACCURATE |

» DOver 3,000, 000

Sold and Still The

Best General Purfose Multimeter!. .

The Reason
Is Clear. ..

Has Features
No Digital

Can Match!
N5

D)
Latest

260®
Series 7
$124.00

“Instant” null, peak, trend and continuity indications

High immunity to transients, RF interference

dB measurement capability at no extra cost

Resistance indication from zero to infinity

Self-powered voltage, current and dB ranges—no batteries to fail
Reliable, accurate performance even under extreme environments
Easy, low-cost maintenance—no expensive '‘chips’ to fail

UL Listed per UL-1244 Standard for Safety—Electrical and
Electronic Measuring and Testing Instruments

Complete line of UL recognized accessories

Options include mirrored scale, extra overload protections, roll top

See the World Famous 260 Series 7, the 260-6XL, the 270 and the Pocket-Size 160"
at Leading Electronics/Electrical Distributors

853 Dundee Avenue, Elgin, IL 60120
(312) 697-2260 o Telex 72-2416 o Cable SIMELCO

Canada: Bach-Simpson Ltd., London, Ontario
England: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwali
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CATALOG

SERVICE TOOLS &
TEST INSTRUMENTS

Packed with over 5,000 quality products for test-
ing, repairing, and assembling electronic equip-
ment. A full selection of test instruments, power
protection equipment, precision hand tools, tool
kits, soldering supplies, and much more. Products
are shown in full color with detailed descriptions
and pricing. All products come with a 100% satis-
faction guarantee. SAME-DAY shipment program.

In a hurry to receive your catalog?

Call (800)-225-5370
In Massachusetts call (617)-682-2000

Contact East, Inc., Dept. R411
P.O. Box 786, No. Andover, Ma 01845
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Cleveland Institute
of Electronics

Cli

Accredited Member National Home Study Council

CIE is the world’s largest independent
study electronics school. We offer ten
courses covering basic electronics to
advanced digital and microprocessor
technology. An Associate in Applied
Science in Electronics Engineering
Technology is also offered.

Study at home — no classes. Pro-
grams accredited and eligible for VA
benefits.

Cleveland Institute of Electronics

CIE 776 East 17th St., Cleveland, Ohio 44114

YES! | want to get started. Send me my CIE school
catalog including details about the Associate Degree
prograrm.

Print Name _

Address_ _ = _ Apr.__
City I State__ Zip_
Age Area Code/Phone No. _ =
Check box for G.1. Bulletin on Educational Benefits

[ Veteran [ Active Dury MAIL TODAY!

AES-26
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enough to be using a combination
scope/digital readout, you can
watch the scope CRT when you
first apply power. If you are work-
ing with a separate scope and volt-
meter, you may have to turn off
the power, let the filters discharge
(as indicated by the de voltmeter
dropping to near zero) and then
watch the scope as you apply pow-
er a second time.

If the horizontal circuits produce
no ac output at all, you have a
problem in the horizontal stage or
in the startup circuits. (These
problems will be covered in the
second installment of this series.)
[f, on the other hand, you see the
pulses build for a short time and
then disappear, you have con-
firmed that the circuits started
and were then shut down.

Isolating the problem

[f the set operates with a re-
duced ac input, or if it starts mo-
mentarily and then shuts down,
you know for certain that your
problem is shutdown related. Let’s
first discuss what to do if the set is
shutting down with a 90V input.

In theory, the set should not be
shutting down with the input volt-
age reduced because the output
stages are not running with full
power. The first thing to suspect is
a problem in the shutdown circuits
themselves. There may be as many
as three sets of shutdown circuits,
so vour first step is to figure out

which one  “nutting the set down.
The easir ay is to disconnect
themone o time to find which is

responsible 10r the shutdown.

WARNING
Do not operate the receiver at
voltages above 90Vac with a safe-
ty circuat discomnected. Every
safety circuit must be reconnect-
ed and tested before you return

the set.

After finding which safety cir-
cuit is causing the shutdown, con-

firm whether it’s activated because -

its sensor has too much signal or
whether the sensor is too sensi-
tive. Correct the problem, recon-
nect the safety circuit and confirm
that the chassis works correctly at
full line voltage. Check the safety
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circuits using the procedures in the
service literature.

Many sets will work normally at
reduced voltage because the power
of all the safety-monitored circuits
1s below normal. Next, you will
slowly increase the ac voltage
while watching the scope channel
connected to the safety circuits.
Pay close attention to the peak-to-
peak level of the signal. You want
to know the amplitude at the mo-
ment of shutdown.

[f the pulse at shutdown is small-
er than the normal level, the safety
circuits are too sensitive; this con-
firms a nuisance shutdown.
Suspect that a zener diode has
changed value, that a resistor is
shorted or off value, or that a di-
ode or transistor has become
leaky. If the pulse at shutdown is
above its normal level, the safety
circuits are doing their job and
stopping some unsafe condition.
The next step is determining
which circuit is defective.

Test the regulator first. Return
the voltage to 90V, turn off the set
and wait for the voltage to bleed
off. Reapply power and begin in-
creasing the ac voltage while you
monitor the de voltage at the col-
lector of the output transistor. You
should see the voltage gradually
increase from the 90Vac input lev-
el (about 100Vde to 110Vide) and
then stop increasing when it reach-
es the normal operating voltage.

For example, if the output tran-
sistor normally operates at 118V,
the dec level should increase from
110V to 118V but should then stay
near 118V, no matter how much
higher you adjust the ac power
supply. If the voltage continues to
increase as you turn up the ac volt-
age, the regulator is not working
correctly. If the set shuts down be-
fore reaching the normal voltage
(118V in this example), you know
the problem is somewhere other
than the regulator.

If the regulator is not the prob-
lem, you should confirm that the
output stage is working correctly.
The best way to do this is to check
the waveform at the collector of
the horizontal output transistor.
Perform the following tests with
the set operating at an ac line volt-
age low enough to prevent shut-
down.
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Test RS232C
In A Zip.

Test RS232C data
communications
interfaces—like
computers to
printers, computers
to modems, and computers
to computers—fast and
easy in the palm of your
hand with Beckman Industrials
low-cost, easy-to-use line of testers. Each

is self-contained in a Toughpak case,
including five models in a durable zippered
pouch, and a 10-year warranty on every
model. Prices start as low as $49.95.

See your nearest Beckman Industrial
distributor today, or send for free
brochure. We'll send it to you in a zip.

Quick Cable Customizing

Fast RS232C Interfacing and Testing
LED Identification of Cable
Configurations

Pocket and Hand-beld Compactness
Speeds Up Trouble Shooting

10 Standard, Low-Cost Models

[ ]
IEMIZASON

Easy BOB™ 750

EasyPATCH™ 704

vice
truments,
WereThe One.

Bockrnan [ndisstrizl

Beckman Industrial Corporation Instrumentation Products Division
A Subsidiary of Emerson Electric Company

3883 Ruffin Rd., San Diego, California 92123-1898

(619) 565-4415 » FAX: (619) 268-0172 # TLX: 249031

© 1987 Beckman Industrial Corporation
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Figure 10. Many troubles can be isolated by observing the pulse at the collector of the
horizontal output transistor if your scope has enough measuring range.

WARNING

Do mot connect to the output
transistor’s collector unless your
oscilloscope has adequate protec-
tion. Voltages as high as 1500V
(de plus peak ac) are possible
| when the output stages are not
working correctly.

The width and shape of the tran-
sistor’s collector pulse tells a great
deal about the operation of the out-
put circuit. (See Figure 10.) First,
confirm that there is no saddle or
dip in the center of the pulse. If
there is, the flyback is either short-
ed or has a shorted load. Second,
look for ringing along the baseline.
Ringing is a symptom of a cracked
core. Third, measure the width of
the pulse (remember that pulse
time is defined as the time from
the 10% point to the 90% point,
not from the base to the base of the
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pulse). The time should be near
12ps. If the pulse is too narrow,
check the safety capacitors be-
tween the emitter and collector of
the output transistor.

If the output pulse looks normal,
suspect that one of the other fly-
back loads is open or shorted.
Check the output of each scan-de-
rived power supply for proper de
level. If you are operating with a
90Vac input, each voltage may be
about 10% low, but none should be
far above or below that variance.

It takes much less time to per-
form these tests than to read abcut
them because you use each test to
make a decision as to which way to
go next. In actual troubleshooting,
you should only use three or four
of the steps covered. Remember
that you are simply dividing your
troubleshooting into an organized
sequence of steps to identify which
circuits work and which do not.

85¢T..



The Complete Compact Disc
Player, by Martin Clifford;
Prentice-Hall, 315 pages,
$29.95, hardbound.

Although it is hard to say that
any book about CD players is com-
plete, this book, which covers both
basic and advanced aspects of CD
technology, covers the subject.
The book starts with a lesson on
binary arithmetie, which is impor-
tant for understanding how the
compact disc and its player work.
Analog and digital recording are
discussed, along with the pulse
code modulator (the PCM, which
converts analog to digital input)
and the signal processing the PCM
performs. The book examines CD
player circuitry on basic and ad-
vanced levels, and provides a step-
by-step operational analysis.

Published by Prentice-Hall, Englewood Cliffs,
NJ 07632; 800-223-2336.

Electronic Industry Telephone
Directory (8th edition); Harris
Publishing, 704 pages, $44.50.

This desk-top directory and pur-
chasing guide to electronics com-
panies and products provides cur-
rent verified address/telephone/zip
code information on 22,752 elec-
tronics companies (488 of them are
new), including manufacturers,
distributors and manufacturers’
representatives. The Yellow Pages
provide more than 4,000 individual
product classifications of com-
ponents, instruments, accessories
and systems, including computers
and peripherals.

Published by Harris Publishing Company, 2057
Aurora Road, Twinsburg, OH 44087,
800-321-9136 (in Chio, 216-425-9000). Contact
Joyce DeRemer.

CD-I and Interactive Videodisc
Technology, By Steve Lambert
and Jane Sallis; Howard W.
Sams, 224 pages, $24.95.

This source book for program-
mers and producers of interactive
media provides a technical over-
view of the techniques and
methods for using interactive
videodisc (IVD) and compact dise-
interactive (CD-I) technology. The
book also covers types of laser
videodiscs, videodise formats and

levels of interaction.

Published by Howard W. Sams & Company,
4300 W. 62nd St., Indianapolis, IN 46268,
317-298-5400.

IC Functional Equivalence
Guide (8th edition); D.A.T.A.,
$95.

This guide provides alternate
source and replacement informa-
tion for more than 56,000 ICs from
164 manufacturers. Functionally

for-pin compatible based on
technical data and physical lab
testing) are listed for each IC in
the book. This edition contains
more than 5,500 new device types,
with updated information on
another 16,000. The user can start
with either the device part number
or the function.

Published by D.A.T.A, 9883 Willow Creek
Road, P.O. Box 26875, San Diego, CA 92126;
800-854-7030 (in California, 800-421-0159).

equivalent devices (which are pin-

sy,

Because Your Customers Deserve the Best

@ HITACHI

Hitachi Original Replacement Parts

diodes—to battery packs, video, audio
accessories and technical publications.

What's more, our nationwide network of
distribution centers means that you can
get the parts and accessories you need,
when you need them. And, of course,
Hitachi Original Replacement Parts
are included in our total service support
program...because your customers
deserve the best.

Quality, reliability, service...they're the
touchstones of the Hitachi tradition, as
recognizable as our trademark. And now
those same standards that have earned
us our reputation as a technological
leader in consumer products, back up
our new line of Hitachi Original

For more information, call toli-free
Replacement Parts.

1-800-447-2882.

We know that for the service professional,
time wasted is profit lost. Which is why
Hitachi makes it easy for you. With our
complete line of parts, we provide you
with a single source for all your repair
needs—and a profitable addition to your Compton, CA 90220

HSC SERVICE COMPANY
division of Hitachi Sales Corporation of America

401 W. Artesia Blvd.

business. From VCR kits, IC chips and (213) 537-8383
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Test your

electronics
knowledge

By Sam Wilson, CET

R,

R,

\V4

Figure 1.

O 9v

R,

9V

In many ways, the second class
FCC exam was a very good test.
Here’s a chance for you to see if
you can answer some typical sec-
ond class FCC license test ques-
tions. If you passed that test, this
will be a good review. Expect to
get a good grade. Some of these
questions are also typical of those
used in CET tests. However, FCC
and CET test questions are multi-
ple choice; in that sense these
questions are not similar.

1. In a certain power tranformer
the primary-to-secondary turns
ratio (Np:Ns)is 3 to 1. If 5A of cur-
rent flows in the primary circuit,
how much current is available in
the secondary? amps

2. You cannot increase the capaci-
ty of a capacitor by

Al) increasing the area of the
plates facing each other.

B.) increasing the distance be-
tween the capacitor plates.

C.) using a dielectric with a higher
dielectric constant.

D.) None of these is correct.

Figure 2.

0.1Q

169

3A
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3. A kilowatt-hour is a unit of elec-
tric

A)) real power.

B.) apparent power.

C.) reactive volt-amperes.

D.) None of these is correct.

4. Which of the following is likely
to be used in a relaxation oscillator
circuit?

A) UJT

B.) PUT

C.) Both choices are correct.

5. What is the ripple frequency of
a bridge rectifier operating from a
line frequency of 400Hz? Hz

6. For the circuit of Figure A,
which of the following is true?

A)) R, is probably open.

B.) R, is probably open.

C.) R, is probably open.

D.) C, is connected upside down.
E.) Nothing is wrong.

7. What is the battery voltage in
the circuit of Figure B? ___V

8. The vertical broadcast anten-
nas at AM radio stations are

A)) Zepp antennas.

B.) Rhombic antennas.

C.) Hertz antennas.

D.) Marconi antennas.

9. What is the conductance of a
component that draws 332mA
when it is connected across a 3V
battery? | —

10. Is the following statement cor-
rect? When you double the capaci-
ty, the capacitive reactance is
halved.

A) The statement is correct.

B.) The statement is not correct.

Answers are on page 65.

Discover How The World’s Only
100% Automatic, Dynamic, & Portable
LC Analyzer Gives You Total Confidence

In Your Cap/Coil Testing . . .
Call 1-800-843-3338 Today!

CAPACITOR . INDUCTOR ANALYZER
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LC77 AUTO-Z™
Automatic Capacitor and Inductor Analyzer
Double Patented $1,895

The first capl/coil analyzer guaranteed to reliably test anywhere, without
calculations, look-up tables, or error — 100% automatically so you're confident
of your accuracy.

IEEE — 488

Do you want to eliminate doubt from your cap/coil testing? The LC77 AUTO-Z
tests all key parameters with results anyone can understand. Automatic
good/bad results eliminate the guesswork for error-free analysis. Touch-
sensitive keypad and one-two-three setup makes your AUTO-Z the easiest and
fastest LC analyzer on the market.

Are you frustrated trying to test the new high-tech caps/coils used in modern
electronics? Only the LC77 AUTO-Z allows you to test them all. Test capa-
citors from 1 pf to 20 farads, with leakage tests to 1000 V and ESR to 2000
ohms for locating failures other testers miss. Inductor value from 1 uh to 20 H
and a patented ringing test for dependable, error-free coil testing every time.

Do you need the freedom of a battery-operated portable LC meter? The LC77
is 100% battery portable for use in the field or factory. The full power and
potential of the LC77 AUTO-Z is packed into a light-weight, portable package.
The AUTO-Z puts the complicated electronics on the inside for ease of
operation on the outside.

Do you want maximum efficiency with a bus compatible LC testing system?
Your LC77 AUTO-Z is IEEE 488 compatible for automated cap/coil analysis
for data collection, incoming inspection, and quality assurance tests.

Be satisfied that you can meet all the challenges new technology brings. Call
WATS Free 1-800-843-3338 today and tell your Area Sales Engineer you want
to “‘try before you buy’’ with Sencore’s exclusive 10 Day Self Demo.

AUTO-Z is a trademark of Sencore, Inc.
WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851-8866

) Means Success In Electronic Servicing
3200 Sencore Drive, Sioux Falls, South Dakota 57107
Call Collect 605-339-0100 In SD & AK
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What do you know

about
electronics?

Do-it-yourself

test
equipment

The general procedure for
troubleshooting —assuming  that
obvious faults have been eliminat-
ed—is:

Step 1: Make a measurement.

Step 2: Compare the measured
value with the value vou should
get.

Step 3: If the values compare
favorably, you are not at the loca-
tion of the trouble. Go to the next
point.

If the values do not compare
favorably, vou should investigate
further to find the source of the
trouble.

I realize this is really an oversim-
plification. It takes years of ex-
perience and training to be able to
go through those steps at a reason-
ably fast pace. It looks simple on
paper, but, after watching
students struggle through the
steps when they are learning to
troubleshoot, it is obvious that a
considerable amount of skill is in-
volved.
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Figure 1. A simple “in situ” transistor
tester uses an oscillator circuit to test
transistors while they are still connected
into the circuit.
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The point T want to make is that
an important part of trouble-
shooting is making measurements,
and you need good test equipment
for that step. There are many
manufacturers with their versions
of test instruments, but there is
also some test equipment that you
should consider making for
yourself, because some valuable
test equipment is not being
manufactured.

One reason this equipment isn't
being sold is that it is so inexpen-
sive—there is simply no money to
he made. When you consider the
cost of manufacturing and distri-
buting these testing devices, there
is simply no room for a reasonable
profit. However, you can make
them on your bench in your spare
time. It is an interesting and useful
experience. If" you have a favorite
cxample, please send it to us. Tl
pass it along.

Figure 1 shows a simple “in situ”
transistor tester, submitted by
Mike Olszewski of Palm Beach, FL.
There have been many versions of
this tester printed throughout the
years.

The basic idea is that it tests
transistors, while they are still
connected into the circuit, by using
the transistor in a simple oscillator
circuit. The Hartly oscillator coil is
wound as shown in Figure 1. A
tone is produced if the transistor is
OK. Defective transistors give no
tone.

Olszewski used very small probes
that clip onto the transistor leads;
you don’t have much room on most
circuit boards. Two 1.5V cells are
used for power.

I tried this device with both PNP
and NPN transistors. Also, I tried
it with both voltage and power
amplifiers. Tt worked very well in
all cases.

Quick transistor checks

The tester just described is one
of many ways to check a transistor
while it is in the circuit. The tester
is used when the transistor eircuit
Is not energized. You ean use a
voltmeter to evaluate a transistor
in an energized circuit. Two ways
of doing this are reviewed here:
e For a Class A resistor-coupled
amplifier, the collector voltage
should be about half the power-
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supply voltage when there is no
sighal applied.

* To check a Class A amplifier for
distortion, measure the de collec-
tor voltage with no signal applied.
With the voltmeter still connected
to the collector, apply a pure sine
wave to the base. There should be
no difference in the de collector

voltage with and without the
signal applied.
Another often-used voltimeter

test is to measure the de hase
voltage and de emitter voltage.
The difference between those
voltages should be about 0.7V for
silicon transistors. You may run
across a germanium transistor
now and then, especially in the
power amplifier circuit. In that
case, the difference should bhe
about 0.3V,

Gallium arsenide (GaAs) tran-
sistors are now heing pressed into
service. They are especially good
for high-frequency, low-noise
worlk. The emitter-base voltage for
those transistors should he about
1.5V.

Don’t get married to those
emitter-base voltage values. They
are just rough guidelines. The
most important use of emitter-
hase voltage measurements may be
determining that the transistor is
operating. The actual voltage for a
silicon transistor can be as high as
1.2V!

Remember to keep your fingers
out of unfamiliar systems until you
have measured the power supply
voltage. Tt is easy to get careless
when working in solid-state sys-
tems because low operating volt-
ages are common. But, there are
90V bipolar transistors and 400V
enhancement MOSFET cireuits in
operation. If you stick your finger

into one of those you'll think you're
getting an idea!

If vou teach electronics

I recently had the privilege of
coordinating an Electronic In-
dustries Association (EIA) digital
and microprocessor course,
taught at the New England In-
stitute (in West Palm Beach, FL)
by Dr. Elmer Poe. It was specifi-
cally aimed at people who teach
electronics. More than 150
teachers in Florida, Georgia and
Alabama were invited to attend
this free course, and were told
that, in addition to the course, they
would be given $100 in materials
to take home.

The most frequent reaction was
that anyone teaching digital and
microprocessor courses doesn’t
need a course in those subjects. To
be honest, I thought they could be
right. During the week-long course
I was able to sit in on most of the
lectures and labhs.

Let me tell you this. No matter
how many vears you've been teach-
ing these subjects, you shouldn’t
miss the opportunity to take this
course. Get in touch with EIA in
Washington, DC, and find out if
vou, as a teacher, can get into a
nearby course next year. Believe
me, you won't regret it. It is nof
just a rehash of old material. You'll
get new ideas for teaching these
subjects.

A letter from Art Hansen
Dear Sam:

In your article in the May issue
of ES&T, you quote this unusual
(strange) theory: “A battery can-
not produce voltage at any time
unless current is being drawn from
the battery.”

T

Figure 2. To measure a battery's voltage without drawing current from it, use a
potentiometric method, using a voltmeter. a potentiometer and a second voltage

source.
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I think the question is not techni-
cal but metaphysical, like this one:
“If a tree falls in the forest, and no
one hears it, is there sound?”

My field is engineering, not
metaphysics, so I can’t handle that
kind of question. However, we
could turn it into an engineering
question by changing it to this:
“How can a battery’s voltage he
measured while drawing zero (not
merely ‘very little") current?”

Answer: With a potentiometric
method. Consider the circuit
enclosed (see Figure 2), which
shows a black box containing a hat-
tery of unknown voltage, a volt-
meter, a potentiometer and a sec-
ond voltage source. To find the
voltage inside the black box, do
this:

1. Connect the voltmeter be-
tween the unknown and the wiper
of the potentiometer.

2. Adjust the potentiometer un-
til the voltmeter reads zero. At
this time, the meter, whatever its
impedance, draws zero current.

3. Connect the voltmeter be-
tween the wiper of the poten-
tiometer and common. The in-
dicated voltage equals the battery
voltage.

This method measures the
voltage of the unknown battery
without drawing current from it.

You may remember the Leeds
and Northrup potentiometers for
measuring thermocouple and
other millivolt range voltages.
This wonderful instrument had not
one but two potentiometric
measuring systems in it. The first
was the millivolt measuring
system itself. The system was
mechanized using a servo and a
motor-driven potentiometer. The
servo ran on the difference be-
tween the input voltage and the
voltage from the potentiometer,
and ran the motor so as to reduce
this voltage to zero. The motor
shaft was coupled to the meter
pointer, and the potentiometer
was incredibly linear. As a result,
when the error got to zero, the
motor stopped and the pointer
position indicated the voltage.

The second potentiometric sys-
tem was in the calibration of the
motor-driven indicating potentio-
meter. For the pointer position to
accurately indicate the measured
voltage, the excitation of the



potentiometer itself had to be ex-
tremely accurate. The only suit-
able source was a standard cell,
which was only accurate when no
current was drawn from it.

To get the few milliamperes
needed to excite the potentio-
meter, the company used a dispos-
able flashlight battery with a
manually operated potentiometer
across it. The voltage at the wiper
of this second, manual potentio-
meter was the excitation of the
main, measuring potentiometer.
This wiper of this second pot was
connected through a resistor, a
momentary pushbutton and a sen-
sitive galvanometer to the output
of the standard cell.

To set up the unit, you just pushed
the pushbutton and watched the
galvanometer. . You then adjusted
the manual potentiometer until the
galvanometer was in the center,
zero position. At this point, you
knew that the voltage exciting the
measuring potentiometer was ex-
actly equal to that of the standard
cell. You then released the push-
button and could operate accurate-
ly for many hours without
recalibration.

I enjoy your articles. Let's have
some more stuff from that “box of
unusual letters.”

Is it a bram or a rambo?

As as general rule, read-only
memory (ROM) is non-volatile. In
other words, when the power sup-
ply goes off, the information in the
memory is not lost. In a random-
access memory (RAM), the infor-
mation is lost when the power sup-
ply goes off, which is why RAM is
called volatile.

However, there is a 40-pin RAM
now being manufactured that has
a built-in battery. The instant the
applied power drops below a pre-
determined value, the battery
takes over and saves the informa-
tion in the memory. The battery 1s

quaranteed to hold the information |

wm the memory for 99 years!

No official name has been at-
tached to this device. Here are two
possibilities: BRAM (for battery-
operated RAM), and RAMBO (for
RAM-battery operated.)

Before I actually endorse this de-
vice, I'm going to get one and see if
it actually does retain the informa-

tion for 99 years. ESA..
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Video Cor NEeT M—AAM—ANAAN~AAA- By Conrad Persson -AAA,~

Tuning VCRs with PLL and AFT circuits

One method used to tune VCRs is the method used in
the GE 1VCR 4016X, a frequency synthesis system that
incorporates a phase-locked loop (PLL) and an automatic
fine-tuning (AFT) circuit (see Figure 1).

The PLL cireuit includes the phase comparator, pro-
grammable divider [, low-pass filter, local oscillator, pre-
scaler, reference oscillator and programmable divider II.

The AFT circuit includes the video IF (VIF), AFT com-
parator, frequency control logie, frequency control,
up/down counter, programmable divider II, phase com-
parator, LPF, Jocal oscillator and mixer.

How the PLL circuit works

The PLL circuit uses a 7.162109MHz oscillator as a fre-
quency reference. The oscillator circuit is inside the IC,
connected to pins 61 and 62, to which the frequency de-
termining erystal and trimmer capacitors are connected.
The output of the reference oscillator feeds program-
mable divider II, which in turn feeds one input of the
phase comparator.

The local oscillator in the tuner produces a CW signal
that is fed to the pre-scaler, which is also in the tuner.
The pre-scaler output is fed to programmable divider I,
which is programmed by the user according to the chan-
nel selected. The output of programmable divider [ is fed
to the second input of the phase comparator.

The phase comparator produces an error voltage pro-

portional to the difference between the two inputs. If the
input from programmable divider I is high, the phase
comparator produces an output that will cause the local
oscillator to tune to a lower frequency. The LPF inte-
grates and amplifies the output and feeds it to the tuning
(BT) terminal of the tuner.

How the AFT circuit works

If all transmitting stations used standard frequencies,
the division ratios built into programmable divider I
would allow the PLL circuit to accurately tune them.
However, because some stations transmit on frequencies
that are offset from the standard, a circuit that detects
what the transmitting frequency is and adjusts the tun-
ing system is necessary. The AFT circuit supplies this
need.

The AFT detection circuit is part of the video IF. This
circuit works just like the AFT circuit in a TV set: It pro-
duces the familiar “S” curve, centered at 45.75MHz. At
this frequency the voltage is 6.5V. The voltage rises at
lower frequencies and becomes lower at higher frequen-
cies. The AFT voltage is fed to the comparators in
IC7603 to provide AFT direction and AFT window sig-
nals for 1C7601. These are used to change the division in
programmable divider II to fine tune the reference tre-
quency sent to the phase detector.

Adapted from GE VCR Service Bulletin No. 4016-1.

_________________ -
| TunEer |
i BAND
: SELECT
& b=
' je amp .
LOCAL 17256
: OSCILLATOR [ ™ PRE.SCALER
|
|
_______ o
) l_
I |
| |
: MIXER : 12
| r PASS
: TUNING VOLTAGE FILTER
)
e g e L e . o I T = o )
T.16MHz 3

—r—

VIDEQ IF i AFT 1
COMPARATOR

1C7601
CHANNEL KEY
SELECT ["¥1 MATRiX
PROGRAMMABLE ‘
DIVIDER 1
[“®— pecopER

[——'» DISPLAY

PROGRAMMABLE
DIvI
PHASE [ b
| COMPARATOR T
| REFERENCE UP/IDOWN
OSCILLATOR COUNTER

A

FREQ. CONTROL > FREQ.
LOGIC CONTROL

Figure 1. This block diagram shows one method of fine-tuning a VCR. The PLL circuit uses an oscillator as a frequency reference.

The AFT circuit detects the transmitting station’s frequency and adjusts the tuning system.
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ANSWERS

Questions are on page 58.

1. 15A. Assuming a perfect trans-
former and a secondary circuit
that will draw the maximum cur-
rent, the secondary current will be
15A. The basie transformer equa-
tion is Np:Ns=1Is:Ip.

2. B.) Increasing the distance be-
tween the plates will reduce the
capacity of a capacitor.

3. D.) A kilowatt hour is a unit of
electric energy.

4. C.) The unijunction transistor
(UJT) and the programmable UJT
are both breakover devices used in
relaxation oscillators.

5. 800Hz. The bridge rectifier is
an example of a full-wave rectifier,
so the output ripple frequency is
twice the input frequency.

6. A.) If R; was open, the voltme-
ter would not display 9V. If R, was
open, the base voltage would be
higher and the collector voltage
would be lower. Capacitor C, is an
electrolytic type and is properly
shown. An open R, would remove
base current, cut off the transistor
and reduce the current through R,
to zero. With no drop across R,,
the collector voltage equals the
supply voltage.

7. 49.9V. The voltage across the
16Q resistor is 48V, That voltage is
also across the 3Q resistor, so the
current through that resistor is
16A. That makes a total of 19A
through the 0.1Q resistor and a
voltage across it of 0.1x19=1.9V.
That voltage added to the drop
across the 169 vresistor (48V)
makes a total voltage of 49.9V,
(There are other ways to work the
same problem.)

8. D.) They are Yi-wave vertical
antennas. In other words, they are
Marconi antennas.

9. 0.1107TMHOS. The conductance
is equal to the current (0.332A) di-
vided hy the voltage (3V).

10. A)) In the June ’87 issue you
were warned (in the table of con-
tents) to “look out for the trick
question.” This must have been it,
because the wrong answer was
given. Write the equation for X,

as:
X (0.159) o I
f C

(
1f (0189 ig constant, then dou-

Esr.

bling C will halve X..
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A"dio Corner M MAAAA—MN—AAA By Kirk Vistain

PLL tuned FM receivers

This month, we'll take a look at how phase-locked loop
(PLL) FM receivers work and try to give some trouble-
shooting tips.

Figure 1 shows a generalized version of the PLI high-
fidelity FM receiver. Of course, like almost everything
else nowadays, it’s a loop. A sample of the local oscillator
(1.O) is divided by an integer value chosen via the miero-
controller, This frequency is then phase-compared to a
stable erystal reference to produce a correction voltage
that biases the varaetor diodes to the proper capacitance
for the LO frequency desired. Notice that the PLL hoth
samples and alters the LLO. That’s what makes it a loop.

Contrary to what you'd expect, most newer receivers
do not read the LO to display the tuned frequeney. This
was true of older devices, such as the Sansui G4700, which
had a digital display but conventional mechanical tuning.
However, today’s units are more trusting. On command
from the operator, they send out a digital code in serial
form to the PLL IC and display the selected fequency.
Then they assume that any right-thinking PLL will obey
and tune to the correet station. If the quadrature detec-
tor is misaligned, it might look like the receiver is tuning
to an “even” number, such as 98.2MHz, which, of course,
isn't supposed to be allocated in the United States.

Without a computer and knowledge of the correct digi-
tal cordes, there'’s not any practical way to be sure the mi-
cro is outputting the correct data to the PLL chip. In
general, however, if the clock, data and lateh lines have
clean signals (square wave pulse trains) on them, we can
assume the data is correet. Just remember later on that
vou made this assumption it nothing else scems to be bad
in the cireuit.

By the way, the latch or strobe pulse occurs after a
complete data word has been transmitted, signalling the
PLL controller to latch the data into storage and tune
the front end. Therefore, the pulse repetition rate of this
signal will be significantly lower than that of the clock or
data lines.

In order to tune the front end, the PLL IC needs three
input signals: the LO sample. the reference oscillator and

data from the micro. If anv of these are missing, the
usual symptom is no audio from the FM section, because
the ['M is generally muted between stations. A very sim-
ple way to determine whether you have tuning problems
or a defective RF/TF section is to read the tuning voltage
input to the tuner. It should change as you seleet ditfer-
ent stations. To double-check, substitute a regulated,
variable de voltage (check the manual, but it’s usually in
the range of 2Vde to 20Vde) at the front end’s tuning in-
put. Slowly vary the voltage. If the RF/IF section is OK,
vou should be able to pick up stations, just as if vou'd
tuned in the conventional way.

If you've focused on the PLL controller as the culprit,
first check the phase detector output. It’s often some sort
of eross between de and pulse-width modulation (PWM),
and is occasionally difficult to interpret, but it should
change as different frequencies are selected. If not, test
the reference oscillator. Use a scope and a low-capaci-
tance probe to avoid loading. You should sce a healthy
sine wave at the correct frequency. It it's all right and
vou have a 100MHz scope at hand, see if there’s an LO
sample at the eontroller input. Don’t assume that just be-
cause you can tune the FM with an external voltage, the
LO sample must be present. There often are a buffer
transistor and coupling capacitors in the front end to un-
load the local oscillator, and they can fail without upset-
ting the L.O itself.

If all necessary inputs are present but the PLL phase
detector has no output or change of output. the chip is
probably bad.

If you feel that the phase detector output is normal,
then the integrator stage may be bad. It should take the
PWM and turn it into clean de.

The latest receivers incorporate the PLL controller in
the same chip as the microcontroller and display driver.
The output to the tuner is pure digital, so there’s no
chance of troubleshooting by injecting an external con-
trol valtage. About all you can do is verifv the presence of
clock, data and lateh pulses. It they're present, the tuner
is probably defective.

FRONTEND

TUNING
VOLTAGE (DC)
ve
L.O.
PHASE COMP
yi
] CLOCK PWM [\
‘ DATA S
/ LATCH I/
INTEGRATOR
TUNING
KEY
MATRIX |
: :
CONTROLLER

Figure 1. The PLL high-fidelity FM receiver employs a loop to both sample and alter the local oscillator, which is phase-compared

to a stable crystal reference.
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Digital-storage oscilloscope

The HM205-2 scope from Haimeq Instruments of
fers analog operating modes and digitized wave-
form processing for signals and events. A 5 million
sample per second digitizing rate, dual-channel ac-
quisition, an 8-bit vertical resolution and 1K record
length per channel are included. A linear interpo-
lator helps improve waveform recognition. The
scope also offers an active TV syne separator, jit-
terless triggering up to 40MHz, hold-off control,
X-Y mode, Y-output and a built-in component test-
er. A GPIR interface with DSO software for IBM-
ATs or compatibles is optional.

Circle (75) on Reply Card

Digital multimeter

The DM71 digital multimeter {from Beckman In-
dustrial is a hand-held, pen-type meter that
features 3'z-digit display with 0.7% accuracy (de
2mV range) auto-ranging. The meter has a rotary
dial and a data hold funetion that enables the user
to manually freeze the display. Continuity and
diode test functions are included. The unit has full
aulo-ranging capability on fifteen measurement
ranges and measures voltages up to 450V and
resistance up to 20mqQ.

Circle (76) on Reply Card

Autoranging DMM

The DM-76 digital multimeter from Philips ECG
is an autoranging model with a 20mQ scale that is
extendable to 30MQ. [t features a range indicator,
24 ranges and 10 funetions, and it is equipped with
a data hold that holds a displayed reading in any
range. The DMM has a diode test (VI') to measure
- actual forward voltage drop, plus a transistor hFE
test. The RF-shielded meter also has an audible
| continuity test, overload protection, an over-range
indicator and a metal tlt stand.

Circle (77) on Reply Card

Digital voltage calibrator

The DVC-350A from Datel s a microprocessor-
based, hand-held digital voltage calibrator with
true +0.015% accuracy. The calibrator has a dec-
imal entry mode with +1.2V or +12V output
ranges, plus a hexadecimal entry mode that spans
+1.0V or +10V. The fully bipolar output can
source or sink up to 20mA at any voltage and is
current-limited to 22mA. The calibrator has an op-
erating range of 0°C to 50°C and a maximum cali-
bration drift of + 10ppm/°C over 15°C to 35°C.

Circte (78) on Reply Card
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all four places — not just one! From products to
prices, we have what you're looking for.

We also have the people who can help you
weather any storm. Courteous sales reps on our
TOLL-FREE phones, experienced technicians to
answer your questions and warehouse experts
who guarantee fast, efficient delivery.

Discover the difference our new catalog and our
company can make for you. Call TODAY for your
FREE copy!

Call Toll Free
1-800-543-4330

In Ohio,
1-800-762-4315

In Alaska and Hawaii,
1-800-858-1849

MCM ELECTRONICS

858 E. CONGRESS PARK DR.
CENTERVILLE, OH 45459

A PREMIER Company

Source No. ES-25
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computer cor NEer A\~ AMAAAAN By Conrad Persson

Knowing the parts of a personal computer

Betore vou can troubleshoot anv kind of malfunetion-
g equipment. vou have to understand the subsystems
so that vou ean know what failure symptoms point to.
For example, sound but no picture in a TV set micht
point to the horizontal deflection eiveuits, the luminance
cireuits or other eircuits that affect the picture.

The same idea holds true with computers. Before vou
eo jumping in and probing here and there in a malfune-
tioning computer, vou have to understand the subsvs-
tems so that vou can start at the most likely source of the
problems, then work vour way down to the least likelv
cause ol the prohlem,

Figure Tisa bloek diagram of the major subsystems in
a typical microcomputer. When vou encounter a problem
with & computer, the first step in solving the problem is
to examine the svmptoms and ask vourself, “Given this
svmptom (or set of symptoms), what ¢ireuit is the most
likelv to he the canse?”

Looking at the subsystems

The econcept of w power supply in @ computer system
should present no problems to someone wha has had ex-
perience with TVs and other consumer clectronies. Its
purpose is to provide a de voltage or voltages for the
compurer’s electronic components; for example, the volt-
age might hias the transistors of TCs to their proper oper-
ating conditions,

The clock is a civeuit that provides 4 continuous train of
recular pulses Gind frequently provides more than one
sueh output) that is used 1o control the timing of events
within the microprocessor. The elock eiveuitry in modern
microcomputers is generally contained on the micro-
processor chip. The clock input may be driven hy a erys-
tal. an LC eircuit or an external elock souree,

An example of the application of the c¢lock ¢ireuit is in
the operation of a shift register (see Figure 2). used fo
convert serial data to parallel data. (For more derail on
shift registers see “What Do You Know About Rleetron-
ies?" in the May 1987 issue of ES&T). The data (in the
form of ones and zeros) to he stored in the shift register
are presented to the shift register inputs a bit at a time.

Nothing: happens until a elock pulse appears at the elock
input to the shift register. Each time a clock pulse is ap-
plied. a suecessive hit is entered into the shift register’s
first flip-Mop., and previously entered hits are shifted one
hit to the right.

In the next installment of computer corner we'll contin-
ue hreaking down the personal computer into its ele-
ments in order to hetter understand what’s going on in-
side.

POWER
...... SUPPLY

b o i i ]

RAM ROM

""" T p—
:
o —1
KEYBOARD, cPy EXTERNAL
DISK DRIVE LOGIC

CLOCK

Figure 1. This block diagram of the major subsystems in a
typical microcomputer gives you an idea of which circuits
are most likely to be the problem behind a particular
symptom.

¢ * *
cLocK * B 4 T
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
— R Qa R Qg R Q¢ R Qp R Q R Qf R Qg R QHy
LT > CK Lop> cK Lopck “Opck | “obck ‘O cK ot ck b CK
s aal-e{s ap S Qc[~$-Is Qo[9{S Qef4{s OF[${s Qagf9{s O

OUTPUT OUTPUT OUTPUT
Qa Qg Qc

ouTP
Qp

uTt OUTPUT OUTPUT OUTPUT OUTPUT
Qg Qf Qg QH

Figure 2. The operation of a shift register shows an application of the clock circuit, which provides a continuous train of regular
pulses to control the timing of events within the microprocessor.
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There’'s so many features,
You won't believe the price!

Fused to 600 volts AC/DC for HIGH ENERGY PROTECTION to help
protect instrument as well as user from mis-application!

e Accuracy to be found only in ¢ Large, recessed 3%z digit LCD
instruments costing much, much readout, yet a compact size and
more shape

* 20 Industrial ranges: AC and DC ¢ Rugged high impact molded case
amps, resistance and AC and DC e Standard banara jacks
voltage * Battery hatch for quick and easy

* 1Q resolution - great for checking battery and fuse replacement

motor windings

* 1 uA DC resolution - handy for oil
burner applications

» Safety leads with replaceable lead
tips

¢ QOver-range indication

* Low battery indication

» Auto zeroes on all ranges

* Reversed polarity indication

e Accessories add 15KV AC/DC and
temperature-measuring capability

¢ Color coded front panel with
rotary switch

, ' S\
\ Only AMPROBE"
/—AM"ROBE'NSTR“ME"T gives so much

.
AceaCode 516:593-5600 ® TWX 5102258403 AMPROBE LYBK f‘: )r SO l ' l I Ie
TT TLX 4971416 @ EASYLINK 62885884 e

FAX 516-593 5682

Available in well over 100 Countries around the world.
Atlas Electronics in Canada.

Write for catalog AAD79 or visit your AMPROBE distributor today.
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ELENCO PRODUCTS

| AT DISCOUNT PRICES!
F

| ‘ ‘= ‘_-,Iv =
- i:‘-% [
S35
m—— -!. .2 k@
wfo & .grlé,h_;l‘ﬂ "-:__ p
20 MHz Dual Trace Oscillosi:ope
$359.95 mo-1251

Two 1x, 10x 100 MHz probes, diagrams
and manual included. Write for specs.
35 MHz $499.95 MO-1252

GF-8016 Function Generator
, with freq. counter

$239.95

Sine, Square, Triangle
Pulse, Ramp, .2 to 2 MHz
Frequency .1 thru 10 MHz

GF-8015 without freq. meter $179

Triple Power Supply XP-660

0-20v @ 1A
0-20V @ 1A
5V @ 5A

$159.95

Fully regulated, short circuit protected
with 2 limit cont. 3 separate supplies

3 Amp Power Supply XP-650

0-40V @ 1.5A
0-20V @ 3A

$129.95

Fully regulated, short circuit protected
current limit contro!

222}

- Teee

Color Convergence Generator
S$G-200

$69.95

Finest in the industry
10 rock steady patterns

Multimeter with Capacitance
and Transistor Tester

Model CM-1500A =
with case I

$64.95

Reads volts, ohms, current,

‘i@o .

capacitors, transistors, diodes
Digital LCR Meter
[E  Mode! LC-1800 $1 48.95

Measures: Inductors

- - N .
Capacitors, Resistors
Inductors 1uH to 200H
Capacitor .1Pf to 200uF
" Resistor .01 Ohms to 20M Ohms
—— aNges 61Ind, 7 cap, 7 res

C + S Sales, Inc., 1245 Rosewood mmmees
Dr., Deerfield, IL 60015. 800- VISA
292-7711, 312-459-9040. ASK

FOR CATALOG. Add 5% P&H SN
($10 max. per item) IL Res., .(““""“I
add 7% sales tax
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No ad requests will be accepted for
Readers’ Exchange without a full,
verifiable name, address AND phone
number. This information is neces-
sary for ES&T files. Phone numbers
will not be published, if so requested.

Wanted

Sencore DVM 37 digital multimeter, $125; B&K
Analyst 1077B, $225; Sencore LC53 Z-Meter. All
equipment like new, with manuals and in original
cartons. Paul Cecil, Paul’s TV, 260 Main Cross,
Charlestown, IN 47111, 812-256-3119.

Digital 11/34 computer with two RKO56J drives
and 22 dises, $1,000. Simpson capacohmeter
model 383-A, $10. Beltron CRT tester, $100.
RCA oscilloscope, model W33A, $50. B&K Dyna
Sweep 1070, $20. Robert Blanchard, Pinehill
Road, Warren, NH 03279.

B&K Precision mode!l 1248 digital 1.C. color
generator, excellent condition, $250. Michael
Rowell, Gohmert Audio/Visual, Start Route Box
38A, Meyersville. TX 77974, 512-275-8951.

TV sets for parts—Admiral 1M30, M25;
Magnavox T809, T995, T979: Philco 22QT80,
3CR41; RCA CTC 40P, CTC 91, CTC 97, CTC
108; Quasar TS919; Zenith 19DC12, 25CC50.
Also for sale, two excellent picture
tubes - 19VLNP22 and 25VFHP22; Knight 6/10
meter, model T-175 linear amp; two Litton oven
parts: model 70/42 menu master and model
56-4388-10 11/78;, Sonv TC-580 reel-to-reel
recorder. D.J. Ajala, 50 F'ir Circle. Babbitt, MN
55706.

DeVry Institute model 34 oscilloscope, $75;, EICO
model 147 signal tracer, $25; Sencore FE-20 hi-lo
multimeter, 375. Will consider trades. B.L. Deck,
122 Fourth Ave. South, Algood, TN 88501.

Heath 1B-2A impedance bridge, $45. Heath
IT-3120 transistor tester, $35. Both in good condi-
tion, with manuals. Bob Kramer. 919 Grove St.,
Aurora, IL 60505, 312-895-8946.

Service literature and repair manual for an
Equiscan 4100 ultra sound system. Will pay for
copies. Carison TV. 1209 i12th St., Awrora, NE
65818,

Knight 83YX137 AF generator with manual;
83Y135 signal tracer manual only, 83YX123
sweep generator manual only. C.T. Huth, 229
Melmore St.. Tiytin, OH 4.,858.

New miniature tube boxes for type 12AX7. 6AVS6,
etec. Can use maximum quantity of 500. State
price. William A. Thoma, 762 Silverleaf Drive,
Dayton, OH 45,81.

Cards for Cardmatic KS-15874-L2 tube checker
by Hickok. Mark Weber, Ed's TV Service. 4415 S.
Kingshighway, St. Louts. MO 63109; 314-441-9106.

Used satellite descrambler (Videocipher 11). Must
not have been tampered with. J.R. Hinely, P.O.
Box 119, Rincon, GA 31826; 912-826-5017.

CRTs: 19VFAP22, 256VETP22, 510NFB22, used
preferred; back cover for Sears 528.41881218;
parts for Philco Predictas. Dan Schafer. 4215
Buechrer, Cleveland, OH 44109, 216-851-4555.
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Schematics and operating/maintenance/calibra-
tion instructions for model 80389-1 service
monitor manufactured by the Alston division of
Conrac Corporation. Dave, P.Q. Box 151, Poway,
CA 92065

Hickok model 235A VHF/UHF field strength
meter; Telequipment scope (Tektronix
subsidiary). James G. Shoemaker, 600 Ist St.,
Leechburg, PA 15656, 412-8,2-8321.

For sale: -
B&K 1077B TV analyst, $300; B&K 1248 color
bar generator, $150; CIE Electronics Tech.
course, $400; NRI television repair course,
McGraw Hill, $100. Will ship UPS COD only.
Mark Brown, P.O. Box 701, Grove Hill, AL 36451;
205-275-3951.

Brand new 19JNP22 Zenith CRT in box, $75,
local preferred. Hy Davidowitz, 911 E. 15th St.,
Brooklyn, NY 11230; 212-258-4877.

B&K model 747 tube tester, $50 plus shipping;
Sam’s CB books, one through 120, $3.50 one or
all. William Blankinship, 1216 E. Main. Rusk, TX
75785, 214-688-5070.

Tele-matic test jig; large CRT with all recent ac-
cessories; Heathkit power supply; Sams
Photofacts: Sams CB. car radio manuals; many
other items. Make otter. Kenneth Miller, 10027
Calvin St., Pittshurgh. PA 15235,

Harrison (HP) mode] 880A regulated power sup-
ply (OV to 100Vde, 1A), $125. Heathkit 1G-82
sine/square wave generator, $50. Both with
manual and schematic. Sencore FP201 and 39G89
probes, both for $25; 42 each Sams hetween
600-800. $31.50, all in good condition. Lony's TV
Service. 720 Goshen St., Sall Lake City, UT 84104,
801-595-8.442.

Sencore LC53 Z Meter, perfect condition, recent-
ly factory calibrated, $585. Nute Lilienthal. 29515
Quailwood Drive. [P'alos Verdes, CA 9027,
213-377-9913.

Tubes, new and used, rare, old and current, %25
and up. Send list for quote. Ted Younyman, 2225
Vigo St., Lake Station, IN ;6405.

B&K model 162 transistor/FET tester, $90. in
mint condition, with batteries, test cables and in-
struction manual. Tests in circuit or out. Will ship
UPS collect. C.A. Caputo. 7 Donna St., Peabody.
MA 01960; 617-585-1091.

RCA picture tube tester and rejuvenator, model
CRI11 WT-333A, with sockets, manual and set-
up charts, $100; B&K model 747 tube tester. has
had very little use, with manual and tube charts,
%200. All prices plus postage. Kenneth Miller,
10027 Calvin St., Piltshurgh, PA 15235:
412-242-4701.

8-track players for parts: Dyn, Clarion, Bigelow,
Concept. Mitsumi, Sears (send s.a.s.e. for list);
and a Pioneer cassette stereo player. All are dash
mounts. D. .J. Ayala, 50 Fir Cirele. Babbitt, MN
55706.

Electronics books: classroom study type, some
hardbound, some softbound. Current material —
TVs, audio, digital, microprocessor, Sams
Quickfacts Vol. 2. RCA. $10; others. $5 each.
Send for list. Calvin Logue Jr.. 17J Washington

Lane. Westminster, MD 21157. esm



Electrodyn
is rebuilding
the world of
Electronics

Tuner Rebuilding

e 24-hour Turnaround
* One-year Limited Warranty

TVRO Equipment Repair

e 72-hour Turnaround
* 90-day Limited Warranty

VCR Repair

e 72-hour Turnaround
* 90-day Limited Warranty
Module Repair

e 72-hour Turnaround
* One-year Limited Warranty
(see price list for exceptions)

Most Makes & Models

*Turnaround time is dependent
upon parts availability

ELECTRODYN, INC.

917 S. Rogers St.
Bloomington, IN 47401
(812) 334-1023

+ Single 30 Position Rotary
Switch with 5" High Contrast
LCD « Auto-Overrange and
DC Auto Polanty - Diode
Test, Transistor HFE Test,
Audible Continuity Test, Data
Hoid AC-DC Vo'ts, AC-DC
Current, Resistance - Dual
Slope Integration A-D
onverter Systems

DM 3520 CF

+ Qversize 32 dig:t display
with 0.3% basic accuracy
» Audible continuity test,

Power Supplies

3 amp 4 amp non-regulated
with self reset circuit break-
er and cigarette lighter at-
tachment. Under $25 and
under $28.00. Meets all Ca-
nadian and US standard
specs

DMR-45 4" Digit Multitester

UNDER $100.00

« 35 ranges with professional
carrying case and ruggedized
cabinet
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-3 cagacity ranges from
2000 PFD - 20 UFD

2 tve%uency ranges 20 KHz
and 200 KHz

+ 5 DC volt ranges from 200
MV - 1000 voits

+ 5 AC volt ranges from 200
MV - 750 voits

« 6 DC current ranges from
200 UA - 20 amps

< 5 AC current ranges from 2
MA - 20 AMPS

« Resistance ranges from 200
ohm - 20 megohm

transistor HFE anc diode test

UNDER $85.00

Available at your local distributor
- Single & Dual Trace Scopes
- Analog & Digital Multimeters
+ Power Supplies
. High Voltage & Low Cap. Probes
+ RF & Sine/Square Wave Generators
- Digital Capacity Meters

EMCO ELECTRONICS
P.O. Box 327, Plainview, NY 11803

Send for your free catalog.
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. No residence schooling re-
quired for qualified Electronic Technicians.
Through this Special Program you can puli all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in alt 50
States and throughout the World. Established
Over 40 Years' Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING

347 RAYMOND ROAD

@CXE r.0.80x20345

JACKSON, MISSISSIPPI 39209
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Advertising rates in the Ciassified Section are 85
cents per word, each insertion, and must be accom-
panied by payment to insure publications.

Each initiat or abbreviation counts a full word.
Minimum classified charge is $20.00.

For ads on which replies are sent to us for forwarding
(blind ads), there is an additional charge of $30.00 per
insertion to cover department number, processing of
replies, and mailing costs.

Classified columns are not open to advertising ot any
products regutarly produced by manufacturers uniess
used and no longer owned by the manufacturer or
distributor.

FOR SALE

AUTOMOBILE RADIO and tape replacement parts.
Delco, Chrysler, Philco-Ford, Motorola, Panasonic and
many others. Large inventory. Laran Electronics, Inc.,
3768 Boston Road, Bronx, NY 10469. (212) 881-9600.
National (800) 223-8314, NY State (800) 446-4430.
1-85-tfn
PHOTOFACTS: Individual folders #1 to #1400 $3.00.
Above #1400 $5.00. Sent same day first-class
postpaid. Loeb, 414 Chestnut Lane, East Meadow, NY
11554, 4-87-6t

TV TROUBLESHOOTING. Over 130 schematic IL-
LUSTRATED problems-solutions of difficuit repairs.
Also, 12 steps to easier TV repair, 25 pages $12.00. Re-
markable diagnostic tool. Determine operation of high
voltage circuits every time, no mistakes. $5.00. Jones,
Box 702, Niceville, Fla. 32578 7-87-3t

VCR REPAIR SOLUTIONS FOR VHS MODELS. Volume
1-150 Symptoms and cures—$11.95. Volume Il—
$11.95. All 300, $19.95. Eagle Electronics, 52053 Locks
Lane, Granger, iN 46530. 7-87-6t

THE WORKBENCH COMPANION — Over 200 pages of
Tough Dogs and troubleshooting notes from 20 years
in the business. Partial contents: Symcure Index
1970-1987, Radio Elect. Clinic 1969-1987, ETD Index
ColorFax 1959-1982, Testing HV Diodes, Int. Flybacks,
Zenors. etc. Important note on capacitors and much
more. Price. $29.95 + $2.50 shipping and handling.
Second Printing— Available Now! FARRELL ELEC-
TRONICS, Hi-Teck, Larry Gribbin, Chiet Engineer, 127
Providence Avenue, SOUTH PORTLAND, MAINE
04106. 8-87-3t

SERVICE MANUALS. Large Shop has 18 yr. collection
of duplicates. All original manufacturer. All new.
Audio $1.00, video $5.00. Send SASE for list. Tape
Recorder Clinic, 4850 E. Speedway, Tucson, Arizona
85712. 11-86-tfn

TVIVCR“TUFF TIPS” listed by mfg. and model. 1st edi-
tion—200 TVI/VCR tips $10.95 2nd edition—200
TVIVCR tips $10.95; both editions $19.95. For TV tips
only —1st or 2nd edition $5.95, both editions $10.95.
For VCR tips only — 1st or 2nd edition $6.95, both edi-
tions $12.95. TECH CURES, 4825 Fredericksburg
Road, San Antonio, Texas 78229. 9-87-1t

TVIVCR FAILURE HISTORIES —Multipte cures for
most prablem areas. Send $6.95 with mfg. and model
number to: Tech Cures, 4825 Fredericksburg Rd.. San
Antonio, Texas 78229. Money will be refunded with
free sample, if model is not on database. 9-87-1t

ELECTRONIC SERVICE SHOP CONTENTS: Sams
Photofact Sets, 101 to 1250, $2 each; Over 2500 New
Boxed Tubes in stock 90% off List Price, non-listed
tubes $3 to $6, some tubes excepted; Test Equipment
& Parts send LSASE; OEM Service Data (TV) RCA-
ZENITH-QUASAR $200.00 each. Plus UPS & HDLG.
Weco, 216 Broadway, Westville, NJ 08093.
609-456-4079. 9-87-1t

DIEHL MARK Il SCANNER, new, manual included,
$250, shipping paid. Jones, Box 702, Niceville, FL
32578. 7-87-3t

FOR SALE: B&K 1077TV analyst. Bought 1979. Looks
like new —with leads —Book —Repaired in 1984 by
factory — $135. 501-584-4002, Clarence. 9.-87-1t

$935 WORTH OF PRIMEFAX hook-up time. B/O over
$200, T.T.V., 809 Amity St, Homestead, Pa. 15120,
(412) 462-8720. 9.87-1t

B&K 530 in/out circuit transistor checker, $275.
UNGAR 9100 soldering station. Variable 400-800
degrees, $100. T.T.V,, 803 Amity St., Homestead, Pa.
15120, (412) 462-8720. 9-87-1t

BUSINESS OPPORTUNITIES

NORTH SHORE OF MASSACHUSETTS. Established
appliance, TV, and VCR repair service with new and
used sales opportunity. Real estate package avail-
able. Call for details (617) 281-1006 days. 8-87-4t

ELECTRONIC REPAIR, inventory & equipment. 11
years at same location. Small recreational town in
ldaho. Owner wishes to retire. $15,000. 208-756-2916,
Box 488, Saimon, Id. 83467. 9-87-2t

FLORIDA WEST COAST: TV service & sales, estab-
lished 30 years. Valuabie income producing real
estate inciuded. $90,000 initial investment. Please
call: Harold Nydick, V.P., Alario & Associates, Inc.,
Lic. R.E. Broker, 813-957-1414 or 813-371-3609.  9-87-1t

EDUCATION

CABLE TV TRAINING — Training in Cable Television
Technology. Learn construction, installation, and
maintenance. Cable Correspondence Courses. Inc.,
P.0. Box 1319, St. Charles, MO 63302. 7-87-tfn
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HELP WANTED

VIDEO/AUDIO technician needed. Top pay and
benefits for well trained and experienced technicians
who are expert with consumer TV and audio equip-
ment. Training by manufacturers such as: Sony,
Hitachi, RCA, Panasonic, etc. are necessary for job ex-
perience. Write or call: Atlantic Electronics, Inc., 1232
NE 26th St., Ft. Lauderdale, FL 33305, 305-564-8274 (10
AM 6:30 PM). Ask for Dave or Joe. 08-86-tfn

CAMERA-VIDEO Technicians needed. Top pay and
benefits for well trained and experienced technicians
who are expert with consumer and/or industrial
cameras and VCR's. Training by manufacturers such
as Sony, Hitachi, Panasonic, etc., are necessary for
job experience. Come to sunny Florida and enjoy your
work & leisure time. Write or call ATLANTIC ELEC-
TRONICS INC., 1232 NE 26th St., Ft. Lauderdale, FL
33305. (305) 564-8274 10 AM t0 6:30 PM. Ask for Dave or
Joe. 8-85-tfn

PERSONALIZED 24-HOUR SERVICE

ON OVER 10,000 ELECTRONIC

COMPONENTS & PRODUCTS. ..
CALL TOLL FREE

N
1-800-558-9572 wis 1-800-242-9553
24 HOUR ORDERING: FAX: 414/473-4727

U7 PR

PHOJECTOH-HECOHDEH BELT CORP.
P.O. Box 176 « Whitewater, Wl 53190
TLX 4994411 PRBUSA
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UNIVERSAL CRT ADAPTER- Don't bog another
socket for your CRT Tester! Join 10,000 satisif-
ied buyers & WIN the Socket War!
GUARANTEED to fit your tester
Test/clean/restore ALL Color. B/W,
Projection. $63.95ppd w/Setup
book, Visa, MC, COD.
1-800-331-9658
DANDY MFG. CO.
2323 Gibson, Muskogee, Oklahoma 74403
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[T}

Tech's Guide To
Pricing”
updated new 5th edition..a
framework for setting rates
that apply to Hi-Tech pro-
ducts...a formula that

/ Call Toll Free for details

1-800-228-4338 %)

CST

7 MILLION TUBES

includes alt current, ob-
solete, antique, hard-to-find
re_ceivmg, transmtttlni, indus-
trial, radio/TV types. LOWEST
PRICES. Major brands in stock.
Unity Electronics Dept. E

P.0. Box 213, Elizabeth, N.J. 07206
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ELECTRONIC TEST EQUIPMENT
Reduced Prices — High Quality
Custom Reconditioned & New Products
FREE CATALOG AVAILABLE
Accutest Instruments, Inc. _

CLARKSBURG,N. . 08510 =
(609) 253-0460 (NJ) or 1-800-524-0747

Advertisers’
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HAND REMOTE REPAIR

LA GUARDIA ENT.
5882 Rich Hill Way
Yorba Linda, CA 92686
(714)579-1276

a S
Warranty - Call for pricing

New Battery ‘ =24 hr turnaround time
ncluged - Return freight pre-paid
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Reliability in Numbers

Full Line DMM5 Protected by Triplett’s 3-Year Warranty.
Dependable Digital Multimeters

Cost-effective. Model-for-model, feature-to-feature,
Triplett’sdigital testers are competitively priced with any
other testers in today's market.

Triplett announces the three-year warranty on itscomplete
line of high-tech digital multimeters. These accurate,
reliable digital testers, with their exclusive warranty,
reinforce Triplett’s position as the world leader in the design
and manufacture of test equipmentand panel
instrumentation.

Adaptable. Triplett’scomplete line of digital testers offers
the convenience of an easy-to-read liquid crystal display
housed in an impact-resistant, ergonomically designed case.
Allmodels feature overload protection, auto polarity, solid-
state electronics and low battery indicators. They come
complete with batteries, test leads and instruction manuals.

For Information Circle (2) on Reply Card

Quality. State-of-the-art technology identifies the entire
line of Triplett digital testers. Assurance of quality allows
Triplett to offer thisunique 3-year warranty.

*Model 2030: 1-Year Warranty

When you are looking for the finest in high-tech digital
multimeters, look to Triplett, the Company America has
trusted for more than 80 years.

For more information, call 1-800-TRI-PLET ext. 100
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Zenith remanufactured and reconditioned
replacement modules and sub-assemblies

factory-fresh
from Exchange Counters
throughout the U.S.

oy There’s no sense riskin
* - an exchange anywhere ¢
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One of the easiest, fastest,

and surest ways for you to pre-

serve the pedigree of the Zenith
products you service and maintain is
with genuine Zenith replacement
parts.

And at no time is this more critical
than when you replace the more so-
phisticated components like modules,
tuners, channel selectors and sub-
assemblies.

Your participating Zenith parts
distributor will supply you with a
replacement remanufactured, recon-
ditioned and serviced for reliability by
Zenith people as dedicated and
knowledgeable as those who madet
the original.

Equally important, the replace-
ment module or sub-assembly you
receive in exchange from your Zenith
parts distributor will most likely
incorporate Zenith factory modifica-
tions, if any, in effect at the time of
remanufacture.

And nowhere else but in a par-
ticipating Zenith parts distributor’s
Exchange Program can you get
assurance that a replacement incor-
porates a Zenith factory up-date if
one exists!

The quality goes in before the name goes on.®

0] P&

That’s why you
should start -aking
advantage of your
Zenith parts distributor’s
R&R Exchange Program now.

We'll help you locate the Zenith
R&R Exchange Counter in your area
if you'll complete and send in the post-
age-free Reply Card inside this issue
of Electronic Servicing & Technology.

Chances are there’s an Exchange
Counter for Zenith factory-fresh
replacement modules and sub-
assemblies closer than you realize.

Write, if you don’t know, and we’ll
tell you where it is! There’s no sense
risking an exchange for a Zenith
replacement anywhere else!

Zenith Service, Parts & Accessories/11000 Seymour Avenue, Franklin Park, IL 60131/A Division of Zenith Electronics Corporation




