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Now! With every qualiﬁ/ing purchase of

VIDEG”?AUDIO ACCESSORIES

You Can Earn JcPenney Gift Certificates

Today, with so many tapping into TV for mos=
than the news, sports, and the typicel TV fare
available till now, Zenith introduces a host
of electronic accessories to help you cap-
italize on this — the fastest-growing
segment of the video business.

Now's the time, the prime time to strike it rich — with Zenith
merchandis ng savvy! — ir. the fastest-growing segment of the
video buasiness. Healthy margins! Cash-and-carry! That'’s
what you'll like about selling Zenith video/audio
accessories. And now, another “bonus” to an already
gwat program. Look:

Sell!
. . Now! And for a limited time only!
; O
é‘;:\'} gscéég:?o Mg?:g;gefg r You can earn JCPenney Gift Certificates
Prog-am Sources! with every qualifying purchase of Zenith
Sell! Video/Audio Accessories from
ell)

a participating Zenith
distributor...and exchange
; these gift certificates for over
135,000 products and services
available through JCPenney
stores and catalogs.

All Kinds of Electronic Con-
nectors from Their Own Zenith
Floor Display!

Sell!
The Biggest, Broadest Line of
Video/Audio Accessories Ever to
Carry the Zenith Name!

Included in this assortment of e-ectronic
viewing and listening aids are Zeni:h's Video
Organizer...indoor and outdoor an_ennas...suder
lightweight stereophones...Zenith 2-prong ani
3-prong Spike Suppressors...plus &l sorts
of electronic accessories ranging from plugs
and jacks to cables individually lakeled
and packaged for prominent displzy and
fast turnover.

Check now — today! — with your
Zenith distributor’s Parts Manager
to learn how you can join in this great
Zenith /JCPenney Gitt Certificate Prograr!

ENITH

The quality goes in before the name goes on®
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Zenith Radie CorporationServicz, Parts & Accessories Didision/11000 Seymour Avenue/Franklin Park, lllinols 60131
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“SERVICE IS OUR SPECIALTY”

We serve you better than the rest by having:
2 experienced full-time service techs whose

« SPECIALN!

SOLE jobs are to answer your questions and help solve your

problems.

“One _stop shopping’ —our 108 pg. catalog has

over 4,000 items. One call does it all!

Satisfaction guaranteed —it for some reason
you're not completely satisfied with the parts you receive from
MCM, simply call our friendly helpful Customer Service dept.,
who will answer any questions you may have.

Best of all, you get all this great service PLUS some of the R S—— s

lowest prices in the industry!

DAIWA
30 AMP
SUPPLY

4795 NN

5199

1 £5UIV
m This heavy duty power supply is by far the
best we've used yet!!!! m We've tried every-
thing to blow this one up m Its fast acting, auto
resetting protection circuit stops even the fas-
test shorts from hurting its circuitry

SPECIFICATIONS

m Qutput Voltage: DC 9-15V variable m Out-
put Current: 30A 1 minute on 3 minutes off
22A continuous m Voltage Fluctuation: Less
than .5% at rated output m Ripple Voitage:
Less than 1mV at rated output m Power Con-
sumption: 600 watt at 30 amps = Dimen-
sions: 9%" (W) x 7%" (H) x 10%%" (D) m
Weight: Approximately 22 Ibs. ® 2 year
warranty

R VARIABLE AUTO
&FF TRANSFORMER
"oq u Gives you the ability to
i & bring up line voitage slowiy

to monitor probiems in a
TV, stereo or other elec-
tronic equipment ® Has
built-in amp meter which
shows excessive current to
check for shorts before
they can cause costly com-
ponent failure ® This unit
will easily pay for itself
within  months = Input
120V, 60Hz ® Output O-

#72-110
130V @ Current 10A,

$7995 ;igSVA 8 Plug outlets on
SOLDERING IRON

e 3

® Molded plastic handle with finger-ease grip ® Screw-in
nickel-plated copper tip ® Long life ® 25 watts #Tips avail.

#21-160 7%, $7f51.?m

TOLL
FREE
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32 DIGIT LCD MULTI-
METER WITH hFE TESTER!

® 05" LCD display ® DC input impedance 10M () & DC
100uV, 100mA, 0.1 ohm resolution m DCA up to 10A ® Auto
polarity @ Diode & hFE transistor tests @ Low battery indicator
= Overload protection

SPECIFICATIONS

® Ranges: DCV—200mV, 2, 20, 200, 1000V ACV— 200,
1000V; DC Current— 200p, 2m, 20m, 200m, 10A; Resis-
tance — 2K, 20K, 200K, 2M ohm @ Accuracy: DCV — +0.5%
{200mV}), =0.8% {2V up) of full scale; ACV & DC Current—
=1.2% of full scale @ Resistance: + 1% & Size: 7" x 3% x
17" m Weight: 16 oz. m Backed by MCM 1 year warranty &
Power Requirements: One nine volt battery (not supplied)

$3980

#72-050

- TENMAR
6.5 MHz

OSCILLO-
SCOPE

#72-300

SPECIFICATIONS: Vertical Deflection: Sensitivity—
10mV Div, Attenuator-1 1, 1 10, 1 100, and GND, Bandwidth
(-3dB)}-DC: DC to 6.5MHz. AC® 2Hz to 6.5HMz. Input impe-
dance—-1M() = 5% within 35PF, Max Input Voltage-600Vp-p or
300V (DC + AC peak). Horizontal Deflection: Sensitivity—
250mV Div, or better, Bandwidth-DC-500KHz (-3dB), Input Im-
pedance-1MQ = 10% within 35PF. Time Base: Sweep Fre-
quency—10H2—100KHz in 4 ranges and fine controi. Linearity—
Less than 5%. Synchronizing-Internal and external. Syn-
chronization: INT, EXT- INT: more than 1 Div on the screen.
EXT: more than 2vp-p. C.R.T.: 22" Screen. Blanking: G1.
Power Source: AC115 230V = 10% 50 60Hz. Acces-
sories: Test lead Instruction manual. Dimension: 220(W) x
160(H) x 305(D) mm. Weight: 8.5 Ibs.

The Tenma Model 72-300 1s designed to meet a broad range of
applications in designs, testing and servicing. Excellent stability
with high inearity sweep. Has BNC type connectors and specifi-
cations, not commonly found on scopes in this price range Use
Tenma, ths new name in precision test equipment.

DIGITAL LOGIC PROBE

® Extremely compact and
lightweight ® Instantly rec-
ognizes high, low or inter-
mediate levels, open cir-
cuit, pulsing modes & Multi-
family compatibility —DTL/
TTLUHTU/CMOS IC ® De-
¢ tects pulses as short as 50
anoseconds ® Overvol-
tage and reverse voltage
protection ® Memory ®
Tenma Brand

#72-190

$1 995

SOLDER WICK

# Tenma brand braided solder remover
u 5 ft. m.100" blue label

FOR THE ONLY ELECTRONIC PARTS
COMPANY YOU’LL EVER NEED, CALL:

1-800-543-4330 (o5 1-800-762-4315)

*169°

74°.

(Min. 10 pcs.)

#21-327

$4895

DIGITAL CAPAC-
ITANCE METER

® Measurement ranges 0.1pF
to 1999uF ® Accuracy 0.5%
typical ® 3 digit 0.5 * LCD
display ® Immediate direct
reading ® Fuse protected
against accidental high vol-
tage connection @ 200 hour
battery life

SPECIFICATIONS
= Ranges: 8 ranges with full
scale values from 200pF to
2000uF ® Accuracy: ~0.5%
of fuil scale + 1 digit to 200uF
range; +1% of tull scale =1
— 11-190 digit on 2000uF range ® Re-
e R solution:  0.1pF Sgampllng
Time: 05 sec. ® Out-of-
Range Indication: Indication
of “1” @ Time Base: Crystal
0.S.C. ® Size: 7%" x 3'%" x
1'%" @ Weight: 10 oz. ® Back-
ed by MCM 1 year warranty ®

$59°
Power Requirements: One

#72-040 i) ey e

TENMA® MICROWAVE

LEAK DETECTOR

Microwave leakage can be
a serious health hazard!
With the Tenma microwave
leak detector you can tell at
a glance if your microwave
oven exceeds recom-
mended leakage levels.
Bad door gaskets or
latches that cause leakage
can be detected instantly.
Very accurate, compact
and easy to use.

#72-220
INTRODUCTORY $695

SPECIAL!

TENMAR* AUTO-TEMP.
€ SOLDERING STATION

® Provides high production soldering
capacity with the overheat protection
- of closed-loop temperature control m

Temperature can be adjusted from
g

100° to 500" C {210-930°F) as you de-
sire, with a tolerance of less than 5% m
Two LED indicators for main and hea-
ter power m Built-in cleaning sponge
and temperature meter m UL Ap-

" #21-145

< iINGIn

ELECTRONICS

858 E. CONGRESS PARK DR.
CENTERVILLE, OH 45459
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The how-to magazine of electronics...

ELEGTRONIC

Servicing & fechnology

12 Test your electronic knowledge

By Sam Wilson, ISCET test director
February 1984 This month’s questions relate to all sections in the
Volume 4, No. 2 associate-level CET test.

14 Servicing K-Mart color TV

By Homer L. Davidson

Troubleshooting foreign-built color TV receivers is much
easier when special circuits and typical problems are
understood. This article covers one model of television sold
by K-Mart.

20 What’s inside your telephone?

By Christopher Kite
This introductory article on basic telephones and typical
telephone circuits will help you when servicing telephones.

The Pocket Logicscope is a 2 6 . . g

combination logic analyzer Chemicals in glectronlcs

and oscilloscope. See story By Larry S. Davis

on page 6. (Photo courtesy of This article describes some basic electronic chemicals and

Roclee) eshmblogier) the solutions they offer to various problems of modern elec-

tronic equipment.

39 Report from the test lab: Fluke DMM

By Carl Babcoke, CET
The Fluke 70-series DMMs feature autoranging, touch hold
and a fast-acting analog display.

43 Index of 1983 articles
Compiled by Warren G. Parker

46 VCR basics

By Steve Bowden

Fundamental principles of video-signal recording and the
principles of the VHS videocassette system are covered in
this first article in a series.

54 Build this alarm troubleshooter

By Mitchell Lee
This troubleshooting device is based on the National
Semiconductor MM74C04 hex inverter IC.

2 Electronic Servicing & Technology February 1984
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Page 46

Next month...

Sam Wilson continues the discussion of why = gets into so
many electronic equations.

Page 26
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Editorial

A

Electronics and chemistry, a growing bond

Electronics is increasingly chemical in nature.
Fabrication of semiconductors is largely a
chemiecal process. The manufacture of an IC, for
example, requires precise formulation of dopants
and careful application and diffusion throughout
the semiconductor material. The colored phosphors
on the TV picture tube, which create the vivid
scenes and lifelike faces, are chemical compounds
whose formulation has been refined through years
of painstaking research. Even such things as
magnetic recording tape and vinyl phonograph
records are materials whose characteristics are
determined by their chemical formulation,
thoroughly researched and carefully controlled to
provide the optimum balance among
characteristics such as fidelity of playback, and
durability. Some of our most recent and most
sparkling innovations in the electronics field are
triumphs of the chemist’s art and magic: liquid-
crystal displays, for example.

But, the influence of chemistry on electronics
has not been confined to manufacturing
production. The availability of a wide selection of
chemicals for use in maintaining and servicing
electronics products is increasingly evident
through a glance at dealers’ shelves, or paging
through catalogs or ads in magazines.

This increasing application of chemicals to
electronics maintenance and servicing is no doubt
driven by a number of forces. Two of these come
to mind, one having to do with the changing
nature of chemistry, and the other with the
changing nature of electronics.

Chemistry itself has produced some chemicals
that just seemed to lend themselves perfectly to
use with electronics. Products such as the Freons,

for example, seem to have been designed just for
use with electronic circuitry. Not only do they
clean, degrease and provide a cooling effect, they
have no deleterious effect on circuit components,
and they evaporate rapidly and completely, leaving
behind no residue.

The evolution of consumer electronics has
created an increasing demand for chemical
products to keep the electronic equipment
operating at its peak and to aid in diagnosing and
servicing it when it is down. Extremely high-
fidelity audio equipment, for example, plays back
with excruciatingly high fidelity all the clicks and
pops caused by dirt particles, surface scratches
and static electricity on the surface of records,
right along with the beautiful music. Dirt buildup
on tape recorder heads, drive wheels and other
moving parts can dull music reproduction and
introduce distortion. Chemicals can loosen and
wash away these villains that rob the listener of
hearing portions of the music he wants to.

Static-electricity has become a major problem as
integrated circuitry has become susceptible to
damage by static electric discharge. Once again,
chemistry has come to the rescue with products
that eliminate the static electric charge and/or
inhibit its buildup.

The chemical toolbox for electronies
maintenance and service is large and growing. The
article “Chemicals in Electronies” in this issue
describes a few of the many chemical products
designed to help consumers and servicers get the
most out of electronic equipment, and to service it
when it fails.
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The completelibrary
of replacement semis.

ECG2L
Suggested Price $3.25

)
E c G Semiconductors

Master Replacement Guide

® Entertainment @ Industrial ® Commercial
® Equipment Maintenance and Repair

Here’s the one guide that has it all—the new ECG® Master Guide. It's 545 pages,
packed with over 3000 ECG semiconductors that replace over 200,000 industry
numbers. And our replacements meet or exceed the specs of the original parts.
So if it'’s ECG, you can count on it to fit and work.
Reduce equipment downtime and save yourself endless hours of parts
hunting. For everything from analog amplifiers to zener diodes, go with
replacement semiconductors from ECG. Get your new ECG Master
Guide and our “Counterpoints” product updates from your nearest

it § i distributor. For his name and number, call 1-800-225-8326 toll-free
lF lt s. ECG' It Flts' (in Massachusetts, dial 1-617-890-6107). Or just send $3.25 for
And it works. your ECG Master Guide to Philips ECG, Inc., Dept. EST,

70 Empire Drive, West Seneca, NY 14224.

PhilipseCG

A North American Philips Company




The ability of the electronics in-
dustry to shrink circuitry into
ever-decreasing sized packages
has brought us a host of miniature
electronic products: TV sets you
can hold in your hand, calculators
that will fit into a wrist watch, per-
sonal computers about the size of a
shoe box, to name just a few. Test
equipment manufacturers have
begun to follow suit, reducing the

Information and photo courtesy of Pocket Technol-
ogies

size and weight of the test equip-
ment that technicians have to
carry around.

Pocket Technologies recently in-
troduced a product in this pint-
sized category: the Pocket
LogicScope 136, a combination
logic analyzer and oscilloscope
that operates on a 9V battery and
weighs only 8 ounces. “The unit is
the smallest, most powerful, hand-
held instrument of its kind,” said
Vic Ivashin, vice president of
Engineering. “The unit fits in the
palm of your hand and is battery

6 Electronic Servicing & Technology February 1984
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of your hand

operated, yet still provides pulse
performance similar to a 10MHz
oscilloscope.”

The unit combines many fea-
tures of an oscilloscope with those
of a logic analyzer and packs them
into an 8Y4"x4"x1%” package.

The display of the LogicScope is
made up of four parallel rows, each
consisting of 100 tightly spaced
LEDs. The four rows are arranged
in pairs with each row within a
pair spaced approximately 0.15
inches apart. The resulting ar-
rangement of two rows is called



The technology is

advanced. The
temperature stays put.

P\ &
\,
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EC 1000 EC2000 EC3000 EC48)0 st

Dial controlled Three digit LED Dial controlled Three digit LED Al EC Series

with EC1201P readout with with lightweight readout with light stations meet

iron. EC1201P iron. ECI301P soldering weight EC1301P Mil-spec DOD-
pencil. soldering pencil. STD-2000-1

When you need controlled output soldering for
sensitive components, you don't need uncontrolled
temperature fluctuations at the work station. In the
Weller EC Series, the tip temperature is maintained
"~ throughout the range of 350°F—850°F to within 10°F.

> Inaddition, an electronic system utilizes thyristor
~ power control with zero voltage thyristor drive. This
ensures that no high voltage spikes or magnetic fields will be present on the soldering tip.

These technologically advanced stations are capable of handlingall the delicate
soldering operations necessary, in even the most sophisticated applications. They offer
the ultimate in soldering flexibility with a choice of controls and readouts to suit

your needs precisely. ® '
d Check with your Electronics Distributor. wellel' EC SerleS

o i nnilc)
| § : - PN

k

The difference between work and workmanship.
BOKER®CRESCENT  LUFKIN®NICHOLSON®PLUMBE® WELLER® WiSS® XCELITE®
The Cooper Group PO Box 728 Apex NC, 27502 USA Tel (919) 362-7510 Telex 579497
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a “trace,” and thus with four rows
of LEDs, the device has two
“traces.” The pairs of traces are
spaced about 0.25 inches apart giv-
ing the appearance of two parallel
traces similar to those that would
be seen on the CRT of a conven-
tional scope. In the case of this in-
strument, any signal displayed on
the traces can only be in the upper
or lower row of that trace, thus on-
ly digital waveforms (logic 1 or 0),
devoid of actual voltage levels, can
be displayed. But the unit is
designed to operate in the digital
world.

The resulting display, according
to the manufacturer, is remark-
ably clear, giving the impression
that there is actually a continuous
waveform going across a CRT
screen. Further, the display is less
than 3 inches long, giving an LED
or dot resolution of better than 35
LEDs per inch. The result is a
display that closely duplicates that
of a logic analyzer’s CRT.

The display is an in-house,
custom-designed LED array with
an associated custom driver in-
tegrated circuit. This design en-
compasses not only the 400 LEDs
in display generation but also in-
cludes 16 other LEDs for status in-
dication (time base, memory and
funtion). The entire assembly is
mounted on a 3-inch by 1%-inch
substrate with a 48-pin interface
connector.

In order to generate something
to show on the display, the device
uses a front-end with broad capa-
bilities. This section allows for
both real time and digital stored
waveforms to be displayed in
respect to internal and external
time bases. In the real time mode,
the logic signal is displayed in rela-
tionship to a time base as it would
be on a conventional oscilloscope.
The internal time base covers from
10Hz to 10MHz. However, because
of display brightness limitations,
the practical real time display limit
is 1MHz. For signals between
1MHz and 10MHz, the user can
switch to the stored waveform
mode. In this mode, the unit has a
maximum resolution running at
100ms. This span is divided into
seven ranges, each covering one
decade.

In either mode, the instrument
makes use of its extensive memory
capabilities. This includes its first
level of storage, a single-line cache

buffer memory for each trace,
which gives the display improved
stability and readability. Beyond
this are the actual display storage
registers, which provide for four
signals to be stored per trace for a
total of eight. Any stored trace can
be compared to any other trace—
either stored or real time. Further,
the traces can be linked together
to form a continuous memory
register. Also, when displayed, the
memory can be scanned via the
unit’s cursor controls. (There are
also provisions for downloading
displays to the outside world via a
soon-to-be-announced adapter.)
Another unique feature of the
Pocket LogicScope 136’s front end
is that the unit automatically gen-
erates and stores signatures of any
received waveform. Another op-
tion that will be available in the
near future will allow these to be
stored, compared and displayed.

As the first in a series, the in-
strument is intended as a core in-
strument, with future devices
serving as add-ons extending its
capabilities. Some of the 16
planned modules include a time
and signature display with a fre-
quency counter, an ac analyzer
with a DMV and an analog wave-
form display module. The balance
of the planned expansion devices
will be introduced over the next
two years. This broad expand-
ability required flexible interfacing
capabilities achieved through the
use of four custom ICs as follows:
1) timing control, 2) keyboard
scanning and multiplexing, 3)
memory management, and 4)
display controller and driver.

“Auto Seek” automatically ad-
justs the timing to fill the display
with one complete waveform, elim-
inating “guestimation” on the
proper time base setting for the
unknown signal. “Audo Trak” is an
audio signal that is heard when a
single logic event is captured. This
eliminates looking at the screen,
and enables the user to “listen to
logic.” Audo Trak can be used to
distinguish three different logic
states: logic low (a low tone), logic
high (a high tone), and tristate (no
tone).

The Pocket LogicScope 136 cur-
rently retails for $495, and comes
complete with three probes, an ac
charger/adapter with a 10-foot

cord and a carry-
ing case. == m
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Standard developed for
phonograph cartridges

Interim Standard No. 9 is de-
signed to describe in practical and
simple terms the conditions, pro-
cedures and the interpretation of
the results of the tests performed
on an electro-mechanical (phono-
graph cartridge) transducer. It
defines methods of measurement
and reports test results and not
the degree of excellence.

This document was developed by
the Electronic Industries Associa-
tion P-8.2 Working Group on
Phonograph Components and Rec-
ords under the chairmanship of
George Alexandrovich of Picker-
ing and Company. The group con-
sisted of representatives from the
cartridge manufacturers, technical
reviewers from the press, repre-
sentatives of independent labora-
tories and technical centers, and
record manufacturers.

The group hopes this interim
standard will benefit the industry
because there was no previous
standard, and phonograph car-
tridges were tested and evaluated
using various methods developed
by the product manufacturers.
Many equipment reviewers con-
tributed to the effort.

Copies of the standard are $9
and are available from the Elec-
tronic Industries Association,
Standards Sales Department,
2001 Eye St., NW, Washington,
DC.

RCA predicts boom in wholesale
consumer electronics business

The consumer electronics in-
dustry’s wholesale volume is ex-
pected to top $15 billion by 1990,
according to an RCA study.

In color television, the company
said that sales were expected to
reach 13.4 million units in 1983, up
17 percent from 11.5 million units
in 1982. Black-and-white TV sales
were about unchanged at 5.7 mil-
lion units. Sales of VCRs reached
4.3 million units, more than double
1982’s volume. Videodisc player
sales were up 35 percent to
300,000 units.



Proficient, profitable servicing demands accurate, complete, and
timely service information! That’s why you
should subscribe to . . .

SERVICE LITERATURE -

\// Accurate, because it's prepared by service-experienced editors who work clésély with
RCA Consumer Electronics engineers

\/ Complete, because it gives you all of the essential information you need to proficiently
service RCA Consumer Electronic products . . . including schematics, circuit board
views, disassembly/reassembly instructions, service adjustments procedures, parts lists
. plus service bulletins that keep you abreast of the latest factory-recommended
servicing procedures and repairs.

\/' Timely, because it's promptly shipped directly to you when each new model is
- introduced, so that you have it when you need it.

BINDERS INCLUDED
TV, VCR, and VideoDisc service
literature subscription includes
durable, three-ring, 2V2-inch
vinyl-covered binders. (See order
form below for binder quantity
included with each subscription.) =

10-YEAR INDEX ALSO
}INCLUDED!

References RCA service literature by
model, and includes Warranty
Obligation Codes and a separate
listing of service bulletins.

FREE CATALOG ...

Check the “RCA Service Literature Catalog” box in the order form below to receive a free
copy of the 1984 edition of RCA’s Service Literature Catalog.

TOTAL (AMOUNT OF YOUR CHECK*) $
NAME o
| STREET ADDRESS B
| oy ) N STATE

| *Make check payable to * RCA Consumer Electronics’
ES & T84
L

________________________________________ -
{ 1984 RCA SERVICE LITERATURE SUBSCRIPTION ORDER FORM |
I CHECK APPROPRIATE BOX, INDICATE QUANTITIES AND PRICE TOTALS, AND ENCLOSE CHECK |
MAIL TO: RCA CONSUMER ELECTRONICS 1-450 |

I P.O. BOX 1976
| INDIANAPOLIS, IN 46206 “c" |
| I
| 1984 SERVICE LITERATURE SUBSCRIPTIONS: PRICE QUANTITY PRICE TOTAL |
| (3 TELEVISION (with 2 binders) $71.85 ea $ o
| [ VCR (with 2 binders) 74.85 ea |
| [1 VideoDisc Player (with 1 binder) 44.85 ea |
| OO0 Video Camera 34.85 ea |
| O FREE 1984 Service Literature Catalog |
| I
| l
|
l
|
|
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Chassis — Magnavox T809
PHOTOFACT — 2025-1

Symptom — No sound or picture

and replace it if shorted.

Chassis — Magnavox T809
PHOTOFACT — 2025-1

HORIZ
YOKE
R248  ['p1) 204
T W —
— 150‘
p R225
I 11 cHECK™ 10005 D204
€216 +85V
TRANS e
1206 R226
330
SHORTED

Cure —Check for shorted Q103 output; if short is there
with Q103 removed, test yoke-coupling capacitor G216,

HORIZ
0sC
MODULE

D213 R246 ‘
+24 v >—fe¢ —AAA—s
3600 +34V
c224
0.033
210 VPP R238
POS
PULSES / 10K o
INCREASED 1

in value

Chassis — Magnavox 13C2
PHOTOFACT — 1940-1

T564
FLYBACK

€ o
3

15 R583 D584

i

OPEN

retrace lines

if leaky and open respectively

e 0 O e e A N N N 0 G N D A N L o N D D D D D 0 D D P D 0 0 e e e e e

Symptom — Incorrect horizontal frequency (will not lock)
Cure — Check resistor R238, and replace it if increased

SHORTED
/

—20V

Symptom — Only half height, and picture is white with

Cure — Check D583 and resistor R583, and replace them
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Symptoms and cures compiled from field reports

M of recurring troubles

O e ey

Chassis — Magnavox T809
PHOTOFACT —2025-1

Q103
HORIZONTAL 10
OUTPUT ’ ™ I YBACK
PIN 1
- c218
0.0195
€103 A D205
47 oF T DAMPER
/ i §

Symptom — No sound or picture

Cure —If the + 85V supply at Q103 output is very low,
disconnect C218 and test it for leakage. Replace it if

shorted or leaky

Chassis — Magnavox T809
PHOTOFACT — 2025-1

M1
TRIPLER
IN
R224 S R243 l
10005 10005 214
22 uF I‘
INCREASED

Symptom — Picture is too dark

Cure — Check resistors R235 and R236, and replace

them if increased in value

Chassis — Magnavox T809
PHOTOFACT — 2025-1

R20

+825V

100 K

lﬁ;a T0 CRT
: SCREENS
MASTER 4%
SCREEN ca
rlh 0.02 in
430 K ¥
LEAKY

TO BACKGROUND
CONTROLS

Symptom — Picture is almost black

Cure — Check capacitor C4 on the CRT-socket board,

and replace it if shorted

2
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SERVIGE
MANAGERS-!

You can make

your field force
more efficient—

with the new

METAGRAM 900

Display

Messages easily read-

Nationwide Service
All message transmis-
sion handled through
Millicom’s nationwide
network. For example,
a message can be sent
from a dispatch center
in New York City to a
METAGRAM 900 re-
ceiver in Los Angeles.

Complete Messages
with Memory

Service engineers can
receive complete ser-
vice requests in alpha-
numeric form. 1,550
character memory
stores a multitude of
messages. For exam-
ple, you can store up
to 30, 50 character
messages.

able on the highly

pocket
message

center!

Here is a unique new mes-
sage system and its receiv-
er— the METAGRAM 900
Pocket Message Center. Ideal
for busy service organizations,
this proven system can dra-
matically reduce time and
money wasting call-backs to
headquarters. Now, your ser-
vice force can spend more
time actually doing service
work!

The METAGRAM 900 allows
transmission of complete
alpha-numeric messages.
More than that, messages

visible LCD display.

Hard Copy

Messages may be print-

ed from the META-
GRAM 900 memory by
an optional Millicom
Micro Printer.

may be stored in memory and
easily reviewed. Our nation-
wide network gives the system
tremendous scope and
versatility.

Ergonomically designed, the
METAGRAM 900 is a natural
for busy people on the move.

For further information contact gt

me today.

Mr. Edward Heinze

Vice President

MILLICOM INCCRPORATED
153 East 53rd Street

New York, New York 10022

(212) 355-3574

Circle (6) on Reply Card

Group Transmissions
Send one message to a

neously. Very useful for
notification of engineer-
ing changes, over-time
requests, scheduling of
meetings, parts inven-
tory status, etc

group of people simulta-

Latest Technology
Advanced state-of-the-
art features make oper-
ation simple.




Test
your electronic
knowletge

By Sam Wilson, ISCET test director

These questions are similar (but
not identical) to questions used on
the various CET tests. All ques-
tions on the actual CET test are
multiple choice, and a grade of
75% or better is required for pass-
ing. In this issue, the questions are
related to all sections in the
Associate-Level CET Test.
(Answers on page 55.)

1. Which of the following is a unit
of electric energy?

. Volt

Ohm

Ampere

Watt

. None of these choices is
correct.

SISt P

2. Which of the following can be
recharged?
A. A primary cell.
B. A secondary cell.

3. When comparing two wires of
equal length and material, the
greater conductance will occur
in
A. 10-gauge wire.

B. 28-gauge wire.
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. Figure 1 shows the symbol for a
. relay coil.

normally open switch or
relay contact.

normally closed switch or
relay contact.

shorted capacitor.

None of these choices is
correct.

SISHECITS

. If you square the value of volt-
age across a resistor, and then
divide the result by the amount
of power the resistor is dissipat-
ing, you will get

A. the value of current through
the resistor.

the number of vars.

the energy expended in the
resistor each second.

the energy expended in the
resistor each hour.

the resistance of the re-
sistor.

m O aw

. To match the impedances
shown, the turns ratio of T in
Flgure 2 should be:

A NyN; = 2/1

B. Ny/N; = 4/1

C. Ny/N; = 1.414/1
D. NyN; = 0.5/1
E. Ny/N; = 0.25/1

. Which of the following Class A
amplifiers is least likely to have
partition noise?

A. Triode tube amplifier.

B. Pentode tube amplifier.

C. NPN bipolar transistor
amplifier.

D. PNP bipolar transistor
amplifier.

E. Depletion-type MOSFET
amplifier.

. The bandwidth in the charac-

teristic curve of Figure 3 is the

same as when the bandwidth is

measured between

A. power measured at the
70.7% points.

B. half-power points.

. Which of the following state-
ments is NOT true regarding a
diode detector stage in an AM
radio?

A. The audio is produced by
heterodyning the sidebands
and the I-F carrier fre-
quency.

It may be a square-law
detector.

It may be a linear detector.
Silicon diodes work best for
this circuit.

The AGC voltage is ob-
tained in this stage.

= o0 W

The
Professionals’
Choice

All Makes/

Wi

PTS Corporation

All Models

10. Which of the following is true
regarding the Q of a coil?

. It is measured in DARAFS.
It is measured in Henries.
It is the ratio of inductance
to resistance.

It does not depend on
frequency.

None of these statements

1s correct.
(=17 o

H g ows

Thousands of

professional television
szrvicemen have turned to PTS

for qualit rebuilt tuners and modules.

The reason is simple.

One stop snopping for all makes/all
models.

Automatic updates for “better than brand
new" tuners and modules.

Over 1500 authorized stocking distribu-
tors—one near you.

Fast 8 hour rebuilding service.

One year limited warranty.

Quality rebuilts that meet or exceed
original manufacturer's specifications

Send for your free Price and Technical
Information Guide today!

The world’s largest independent electronics rebuilder.

P.O. Box 272
Bloomington, IN 47402
(812) 824-9331

Circle (7) on Reply Card
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Servicing K-Mart

color TV ... ...

Many technicians refuse to ser-
vice foreign-built color TV re-
ceivers. Several reasons usually
are given: Good schematics are
not available; the circuits are un-
familiar and difficult to trace; and
appropriate components often are
not available or are out of stock.
The following information should
help eliminate these troubleshoot-
ing difficulties in the case of one of
the most popular K-Mart color
portables, model KMC-1920
(Figure 1). This set is similar to the
Gold Star model CN-841 (except it
does not have remote control).
Photofact 1942-1 covers model

CN-841, which has an NT6X
chassis. Other K-Mart models
might have similar component
failures.

No sound or raster

A common problem with K-Mart
model KMC-1920 is a complete
loss of sound and raster. With this
model, a raster cannot be obtained
unless both the low-voltage reg-
ulated/unregulated supplies and
the horizontal-sweep/high-voltage
systems operate correctly. The
source of receiver power for all
functions is the line-rectified dc
voltage from diode CR901 (Figure
2), so the first steps in testing a no-
sound/no-raster symptom are
checking for a blown F901 4A fuse
(it protects the 120Vac circuit) and
measuring the de voltage at the
collector (metal case) of horizontal-
output transistor TR704. A blown
fuse indicates a serious overload
that must be investigated first,
while an incorrect output-tran-

Figure 1. K-Mart’s portable color receivers are no more difficult to service than are
the well-known brands when good service data, such as Photofact, is available.

sistor collector dc voltage points to
a power-supply or regulator prob-
lem.

When a leaky or shorted TR704
output transistor is suspected,
disconnect it from most of the cir-
cuit by removing the plug located
just behind the transistor. This
permits ohmmeter measurements
of the transistor collector without
the flyback winding (which is con-
nected to the regulated +121V
supply through a 4.7Q resistor).

One common power-supply prob-
lem is an open TR905 power-reg-
ulator transistor. This transistor
sometimes tests normal when

14 Electronic Servicing & Technology February 1984
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removed from the chassis, but
might open erratically when it is
subjected to the full-current load
in-circuit. If there is doubt, replace
the transistor, which is bolted to
the outside of the metal chassis at
your left (when you face the rear of
the chassis). Color-coded wires
connect to the base and emitter
leads (Figure 2). Both wires should
be unsoldered when the transistor
is tested.

Another power-supply compo-
nent that has given problems in
the past is the voltage-divider-
resistor block M901 (Figure 3),
which affects the regulation of



Figure 2A. TR9CS's base and emit-
fer leads are soldered to color-
codad wires, which must be

YELLOW ORANGE removed belore accurate tests

dan be made.

Figure 2B. Diode CRG01 Is the
principal rectifier of line voltage.
However, SCR TR801 varies the
voltage across main-filter C308 by
having its beginning of conduc-
tion varied by the phase-control
TR905 transistors TRGG3 and TRI04 (not
shown). Diode CR906 rectifies the
other peak. In addition, TRS05
R L e iegulatyl] S L LR e TR905. Replace M901 when the
voitage aro etween the neganve :
end of G908 and ground, thus f—= 121V supply measures higher
A Ry e f032d+ Excesslilvef1 Oregufl!:t:(f a\Illolte
. age can produce instant shut-
down.
3! o > - ‘ A low voltage of about +25V at
A (MEFSLREG the TR704 output transistor collec-
1 - & g tor can be produced when TR905
200 B 300 ¢ $Lom regulator transistor 1is open
1 TR0! (Figure 2), or when it is biased to
6 e cut-off. An open base-to-emitter
junction is proved when the for-
ward bias measures 4V to 5V (nor-
mal bias is about 0.6V). When the
original TR905 is bad, replace it
with an ECG375 or a SK3219 tran-
LT e sistor.
B ’ il Check the dc voltages on the
— ~———  TR907 (error amplifier in Figure
3). An open transistor reduces the
usual -12.7V collector voltage to
CRY01L : (+135) REPLACE ' about —6V. While TR907 is re-
>l 121V moved, test the protective diodes
CR905 and CR907. An SK3932 or
ECG323 can be used when it is
Rféég woo  VOLTACEDWIDER | necessary to replace TR907.
wo%”'f. chﬁé ™ 3 , When SCR TR901 opens, the
£ ' 2 3 p cathode and gate terminals have

EMITTER i Base

R92%

22K

L8
U

excessive negative voltages. Anin-
=, oo | termittent loss of picture and
T et < ' sound can be caused by bad con-
| nections at 1902 current-limiting

coil (see Figure 2).

—13.88¢ +1.7V

vE

R928 & Figure 3. Error-amplifier
2700 3 TR307 transistor TR9G7 and
3“‘*0“ AW M901 voltage divider Horizontal-drive problems
/ control regulator TR905 If the TR704 horizontal-output
v ey €0 -frblmel = elalile transistor opens or its base drivg is
+ 121V for thehotizontai- ] . :
1269V output transistor. ost, its collector voltage rises,
Ell perhaps to about +160V. Also, the
T w1328 L. = voltage increase and the loss of
8ASE 1000 signal drive are symptoms of high-
voltage shut-down.
First, remove the plug (just be-
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hind the horizontal-output tran-
sistor in Figure 4) to disconnect
the output transistor collector and
its possible shorts. Measure the
driver TR703 base and collector dc
voltages. Disconnection of the out-
put transistor load will increase
the TR703 collector voltage; this is
normal. A collector voltage equal
to the actual voltage on the +121V
supply line proves TR703 is draw-
ing zero collector current, either
from an open transistor, or a loss
of forward bias or base-signal
drive.

If the TR703 collector voltage is
very low, and the R719 6.8kQ drop-
ping resistor develops excessive
heat, suspect a leaky driver tran-
sistor (Figure 5). Replace TR703
and then test R719. Look for
discoloration or bulges, for these
are signs of a possible resistance
change in the future. Replace
R719 if it shows these signs of
overload damage or if the
resistance is out of tolerance.

When none of the previous tests
reveal a specific defect, scope all
waveforms of the driver and out-
put stages. Remember that the
TR704 base waveform will be dif-
ferent when the collector dc and ac
voltages are not present, and the
+121V source voltage will be in-
correct without any horizontal
power at the flyback. However,
the oscillator and driver tran-
sistors should have waveforms,
although of reduced amplitude.
Also, test for bad connections at
driver-transformer T702 and coil
L702.

High-voltage problems

Loss of TR704 base drive, or an
oscillator signal that is half or dou-
ble the correct frequency, can
eliminate all high voltage. When
sufficient drive amplitude of ap-
proximately the correct frequency
is present at TR704 base, but there
is no high voltage, the trouble
source probably is in the output-
transistor/flyback area (Figure 6).

Notice that the high-voltage
diodes and several focus-voltage
resistors are inside the flyback
where they cannot be tested separ-
ately. If the flyback becomes ex-
cessively warm anywhere, it is
possible the flyback has a shorted
winding, or the high-voltage

NS

Figure 4. Arrows at the bottom identify (from left to right) these components: resistor
R719, driver transformer T702; driver transistor TR703; output transistor TR704; and
the plug that discarnects TR704.

TR703 (HG6Y)

{54 HORIZ DRIVER 435V EIRCER

1702 L702 3

H_r TR704 BASE
A

H |

i 1 u

TRI02 40
HORIZ 0SC
COLLECTOR

Figure 5. Arrows point to two components that fail most often in the K-Mart
horizontal-driver stage.

CR704 1704
DAMPER FLYBACK

/ lond
T

TR704
HORIZ QUTPUT

B-BOOST 10
CRT SCREENS

Figure 6. The K-Mart horizontal-output stage has no unusual circuits, which makes
troubleshooting easier. Boosted-boost compeonents CR703 and R722 have failed in
many cases. Of course, TR704 output transistor is the first suspect when sound and
raster are missing.
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Figure 7. Two nuts (located by arrows) must be removed and the base and emitter

leads unsoldered from a small circuit board before TR704 horizontal-output tran-
sistor can be removed from the chassis.

diodes are shorted. Replacement
of the flyback as a test probably
will be necessary.

While the ac power is removed,
check the resistance from TR704
collector to ground. An abnormal-
ly low resistance could indicate a
leaky TR704 or a shorted damper
diode CR704. Remove the TR704
output transistor and then check
the CR704 damper diode and the
output transistor for opens or leak-
ages. To remove TR704, remove
the two nuts that are shown in
Figure 7. Next, unsolder the base
and emitter leads that are soldered
to a small circuit board and re-
move the transistor for testing out
of the circuit.

If the original output transistor
has a collector-to-emitter short, it
is likely that some other circuit
defect caused it to be overloaded,

One source
for thousands
of VCR parts.

RCA VCR parts are available from more than 600
authorized RCA parts distributors. See your local
RCA distributor for RCA’s new VCR parts kits —
they're easy to use and reuse. Each package
has a handy slide top — and features detailed
cross-references to other manufacturers’
model numbers and stock numbers.
One more thing. Kit prices are lower than
the total cost of the individual parts. So see
your RCA distributor today. Also ask for a
copy of the VCR Parts Cross Reference of
more than 8000 VCR parts (Form
1F6627) and VCR Tool Catalog (Form
1F6857). Or write: RCA Distributor and
Special Products Division, 2000 Clements
Bridge Road, Deptford, NJ 08096.

VCR
Parts

February 1984 Electronic Servicing & Technology 17

Service more than 95 RCA and other brand
models with these VCR Parts Kits:
199094 and 189095 Belt Kits, 199096 Lamp Kit, 199097 Fuse Kit, 199300 IC Kit
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TR708
SCR SWITCH

REPLACE

WORIZ  C7%9 gy DETECTOR
FROM VOLTAGE-DIVIDER
FLYBACK  33puF | 2400 M701
AR RE
CR712 1007:‘;-*]:'
~ N = =

R751 HORIZ
0SC

BIAS

Figure 8. Failsafe circuit. Horizontal pulses from the flyback are rectified and applied to M701 detector voltage-divider compo-
nent. If these pulses become excessive in amplitude, a positive voltage from M701 is applied to the TR708 gate, causing TR708
conduction, which kills the horizontal oscillator.

and the replacement will be dam-
aged when operated at full power.
Therefore, you should operate the
receiver from a variable-voltage
isolation transformer. Begin with
a low ac voltage, such as 35Vac
and listen for crackling noises
from the flyback that might in-
dicate internal arcs. After a few
minutes operation with low
voltage, turn off the power and
feel the output transistor. Exces-
sive heat indicates that an over-
load still is present, so additional
tests are needed before full power
can be applied safely. Incidentally,
the old light-bulb test is another
way to protect the new transistor.
Remove the 4A fuse, connect a
test 100W incandescent bulb
across the fuse terminals, and ap-
ply full line voltage. The bulb’s
resistance prevents more than
about 0.9A of current, while the
bulb’s brightness gives an indica-
tion about the amount of overload.
If the receiver operates (perhaps
with a small raster) and the bulb is
not very bright, it is safe to put the
4A fuse back in for a heat-run test.
When either of these restricted-
power tests indicates that a severe
overload remains after a new
TR704 output transistor has been
installed, the flyback is the most
likely suspect. Incidentally, an
ECG165 or a GE-38 can properly
replace a defective TR704.

Shut-down problems

A shut-down condition should be
suspected when the sound comes
on loudly, but a fraction of a sec-
ond later disappears. One of two
conditions is generally the cause of
this symptom: excessive high volt-
age, or a defective fail-safe circuit
(Figure 8). One method of deter-
mining which condition is respon-
sible is to unsolder the anode lead
of SCR TR708, opening the anode
circuit. If the receiver operates
normally and the high voltage is
not excessive, the fail-safe circuit
itself is responsible for the shut-
down. Caution: Be prepared to
measure the high voltage quickly
after recetver power 1s applied,
while the TR708 lead 1s open. If the
shut-down was caused by excessive
high wvoltage, that high voltage can
damage insulation by arcs or ruin
the picture tube, so excessive HV
demands instant removal of ac
power after the HV is measured.
Re-connect the TR708 anode, and
do not apply full ac power until the
proper HV has been restored.

Negative-going horizontal pulses
from T704 pin 4 pass through C749
(Figure 8) and the negative peaks
are clamped to ground by diode
CR712 conduction, resulting in a
totally positive-going waveform.
This positive waveform is reduced
by R752 and M701 voltage divider
(internal components unknown).
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Normal pulse amplitude produces
zero dc voltage at the TR708 gate
(an SCR), so TR708 does not con-
duct. (Conduction would kill the
horizontal oscillator by removing
the oscillator bias.)

In other words, the circuit does
not interfere with the horizontal
drive unless the flyback pulses are
excessive. If a defect increases the
pulse amplitude, M701 applies a
positive voltage to the TR708 gate
(C746 stores the voltage), trigger-
ing TR708 into conduction, which
grounds the horizontal-oscillator’s
bias through R751, thus killing the
oscillator signal. This eliminates
all horizontal sweep. Once trig-
gered, TR708 conduction con-
tinues until ac power is removed
from the receiver for a time. If the
overvoltage condition was tem-
porary, normal operation can be
restored by turning off the ac
power for a minute or two and
then on again.

In summary, the fail-safe circuit
kills the horizontal sweep, elim-
inating all sound and raster, when
the flyback pulses have excessive
amplitude. The most common com-
ponent failures in the fail-safe cir-
cuit are TR708 and M701, the
detector precision voltage divider.
TR708 can be tested the same as
any other SCR. M701 or M901
(Figure 9) should be replaced only
by a new one from Gold Star.
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High Quality. Low Pnces.

MODEL DM-6500
AUTORANGING DMM

Priced at only

579

There's no sacrificing
quality, even at this low
price. And check out these
features:

¢ Autoranging

" o Shock Resistant

¢ Continuity Buzzer

¢ Fuse Protection

¢ Safety Construction
RANGES

' DC Volts:

200m/2/20/200/ 1000V
AC Volts:
2/20/200/600V
AC/DC Current
200mA/10A

Resistance:
200/2k/20k/200k/2000kQ2

MODEL DM-6590
ELECTRO-PROBE™ DMM

Lowest price available!

56375

Including case

The hottest new instrument to hit the
market. Contains features such as:

¢ Autoranging

¢ Data Hold Button

® Shock Resistant Housing

¢ Continuity Buzzer

® 200 hr. Battery Life

9373

-0u s

=

=

MY
0659-NC
38084

RANGES
AC/DC Volts: Resistance:
2/20/200/500V 2k/20k/200k/2000kS2

For more information on the DM-6500 and
DM-6590 see your local distributor or con-
tact A.W. Sperry Instruments Inc., P.O.
Box 9300, Smithtown, N.Y. 11787. Phone:
800-645-5398 Toll-Free (N.Y., Hawaii, Alaska
call collect 516-231-7050).

'l'he Measurable Advantage.

Vertical problems

Seldom do the newer vertical-
sweep circuits have defects that
merely degrade the linearity with-
out affecting the total height (a
common symptom with older tube-
equipped circuits). Component
defects usually prevent any ver-

Circle (8) on Reply Card

tical deflection (producing a single
horizontal line), or show partial
height with terrible linearity.
Waveforms often are not helpful
for analyzing direct-coupled ver-
tical stages. The best procedure is
to check all vertical transistors
(Figure 10) with an in-circuit tran-

Figure 9. Arrows locate these fail-safe and power-supply components (from the left):
M701; TR708 SCR; and M901.

sistor tester. Alternately, use a
voltage-drop type of diode tester
to verify the condition of each
transistor junction. Any tran-
sistors that have questionable con-
ditions during in-circuit tests
should be removed for accurate
out-of-circuit measurements.

Vertical-output transistors are
the most likely components to fail,
so TR604 and TR605 (Figure 11)
should be tested first. Also, some
failures of TR601 and TR602 have
been reported. In the Figure 10
circuit, measure resistors R623,
R624, R620 and R619, because
they are usually the ones damaged
by shorted transistors. For more
accurate ohmmeter measure-
ments, disconnect one end of each
resistor. (Don’t forget to restore
all connections when the tests are
completed.) Replace all out-of-
tolerance resistors.

Measurement of dc voltages is
not very informative in these
direct-coupled circuits. However,
the value of one dc voltage can

(continued on page 52)
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rWhat's inside _yo

By Christopher Kite

Most of us use a telephone
several times a day, but until re-
cently, we have had little reason to
wonder what goes on inside the
telephone. Obviously, there is a
microphone in the mouthpiece and
a speaker in the earpiece, and
perhaps some kind of audio ampli-
fier for each. Beyond that, most of
us have given little thought as to
what else may be involved. In the
past, the local telephone company
supplied the telephone along with
the telephone service. If repair or
replacement was ever needed, the
telephone company handled it.

The recent changes in FCC regu-
lations regarding telephone ser-
vice have drastically changed this
situation. There is an explosive
growth in the private ownership of
telephones. Repairing and replac-
ing telephones will become the
telephone owner’s responsibility
after 1984. In turn, he or she will
look to electronic service shops
with telephone expertise for
testing and repair service. You will
need to understand how tele-
phones operate if you are to par-
ticipate in this new segment of the
electronics service industry, or
even to effectively evaluate the
pros and cons of getting into tele-
phone servicing.

An old-timer in the telephone
business gave me this tip, which I
have found very helpful. “Remem-
ber that a telephone has five func-
tions to perform. These are just as
true today as when Molly the
switchboard operator performed
them 50 years ago. Almost every
advance in the telephone industry
involved an electronic method of
performing these functions. Think

about these five functions when

testing telephones, and don’t for-

get that one function may have an
effect on another.”
Those five functions are:

¢ Supervision—Scanning the cir-
cuits to determine when some-
one wishes to place a call. Molly
has become an electronic switch-
ing exchange; lifting your tele-
phone off the hook now signals
“Molly,” and she acknowledges
by returning a dial tone.

* Addressing - Indicating who
you wish to call. This is now
the dialing function.

e Alerting — Ringing of the phone
to announce your incoming call.
This is the ringing function,
little changed from Molly’s day.

¢ Transmitting — Sending your
voice out over the wire. Carbon
microphones are no longer used
but little else has changed.

¢ Receiving —Listening to some-
one’s voice coming in over the
wire. Not much about this func-
tion has changed.

Standard
telephone characteristics

All telephones have a few stan-
dard characteristics making them
compatible with the telephone ex-
change, which means that virtually
all telephones are interchangeable
with each other, even though there
are major internal circuit differ-
ences. Fortunately, it makes the
telephone a little easier to under-
stand because a few basic char-
acteristics are unchanged from
one telephone to another.

Before examining the telephone
and its circuits, a review of the
most important of these standard
telephone characteristics is in
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order. This necessarily overlaps
and includes some characteristics
of the telephone line and the tele-
phone exchange. The minimum
specification for some of the
telephone line characteristics is
established by FCC regulations.
The most important characteris-
tics are summarized in Figure 1.

e 2-wire circuit

The telephone is basically a 2-
wire device. Voice audio in both
directions, dc¢ power for operating
the telephone circuits, dial tone,
dialing and ringing are all carried
on a single pair of wires. There are
normally four wires in the tele-
phone line, but only one pair is
used in standard telephones. The
extra pair of wires may carry
power to the night light in the
Princess-type telephone, for exam-
ple. Do not confuse a line having
four wires with the more common
definition of 4-wire circuits. In
4-wire circuits, transmit-voice is
carried by one pair and receive-
voice by the other pair. Externally,
telephones use 2-wire circuits
where transmit- and receive-voice
are carried on the same pair.

¢ Bandwidth

Your conversation over a tele-
phone has a distinct “telephone”
sound that is considerably differ-
ent than talking to the same per-
son face to face. This is caused by
the acceptable, but somewhat
limited frequency response of
300Hz to 3000Hz with 6dB of the
1kHz response.

¢ Impedance
The typical off-hook telephone
impedance is approximately 600Q



at audio frequency (300Hz to
3000Hz). The dc resistance of the
telephone may be considerably
lower, and is often approximately
250Q.

¢ Battery voltage

Because there is obviously no ac
power cord on your telephone and
no battery to replace, power for
operating the electronic circuits
must be supplied by the telephone
line. The telephone exchange con-
tinuously applies a de voltage to
the telephone line through a series
impedance, usually —48V. The
term “battery” is used because the
telephone company normally sup-

TELEPHONE

On Hook
{open)

OFF Hook
lclosed)

telephone lines, available line cur-
rent may be as high as 120mA, but
most telephones include compen-
sation to automatically shunt ex-
cess line current. The voltage
across an off-hook telephone is
usually 5V to 12V.

When voice is present, current
variations are superimposed on
the de. Typically, a voltage-regu-
lator circuit within the telephone
provides constant voltage to the
electronic circuits even though line
current varies.

¢ Polarity
The standard dc polarity for tele-
phone lines is negative to “ring”

4 TELEPHONE
LINE
‘ 48V
l Battery

telephones should be capable of
ringing with ringing voltage that
could drop to as low as 40Vrms
over a long telephone line with
1.5kQ resistance. In some party
line applications, additional fre-
quencies are used; telephone
ringers with corresponding reso-
nant frequencies assure that only
one telephone rings. The ringing
signal is applied to the telephone
line only when the telephone com-
pany’s equipment detects a high
impedance (present when the tele-
phone is on hook). The ringing
signal is usually 1Yz to 2 seconds on
and 4 to 42 seconds off, for a
6-second repetition cycle.

TELEPHONE EXCHANGE

Ring voltage
Dial tone

l————Voice

OFF

| Hook

OFF HOOK IMPEDANCE:
600Q

dc RESISTANCE:
250Q

VOLTAGE:
5 to 12V

CURRENT:
20mA min.

RING VOLTAGE:
40V rms min.

Detector

. — Dialing
Switching

circuits —* Voice

| j
|

TS

Busy

I
w

Ring back

LOOP RESISTANCE:

1.5kQ max. 4009

RING VOLTAGE:
80-130V rms
20Hz

|
|
|
|
|

SERIES RESISTANCE:

Figure 1. All telephones have certain standard characteristics so that they are compatible with the telephone system. Some

typical values are shown here.

plies this power from a huge bank
of parallel batteries that will con-
tinue to provide telephone opera-
tion in case of power failure.
When the telephone is on hook,
it is a de open circuit and no line
current flows. When the telephone
is off hook, line current flows and
powers the telephone. The tele-
phone company is required to sup-
ply at least 20mA (a value original-
ly required for satisfactory opera-
tion of carbon microphones). The
loop resistance of a long telephone
line may be up to 1.5k, in which
case line current will probably be
no more than 20mA. For shorter

and return to “tip.” “Tip” and
“ring” terminology is common in
telephone circuits and refers to the
tip and ring portions of a tele-
phone jack or equivalent. In this
context, “ring” has nothing to do
with ringing of the telephone, but
refers to the concentric ring on the
Jack which provides one connec-
tion.

¢ Ringing

The telephone company applies a
highly accurate 20Hz sine wave
ringing voltage of 80Vrms to
130Vrms. The most typical value is
100Vrms (280V peak-to-peak). All

February

¢ Dialing

Dialing is accomplished through
either pulses (for rotary or non-
tone dial telephones) or tone pairs
(for tone dial telephones). Pulses
are produced simply by opening
and closing a set of contacts
(rotary dial telephones) or turning
a switching circuit on and off
(push-button pulse dial). Touch
Tone and other compatible dialing
tones are produced by oscillators
that generate tones which are
mixed in pairs to form each digit.
The 3x4 matrix layout of the
dialing keypad selects one “row”
oscillator and one “column” oscil-

1984 Electronic Servicing & Technology 21



lator for each digit. This is com-
monly known as the DTMF (Dual-
Tone Multifrequency) frequencies,
(see Table 1).

Block diagram analysis

The block diagram of a basic
telephone with electronic ringer
(the circuits of the Cobra clock
radio/telephone) is depicted in
Figure 2. The ringing signal is ap-
plied directly to the electronic
ringer, an oscillator and buzzer cir-
cuit, which operates at a rate of
approximately 2.8kHz, inter-
rupted at a rate of 20Hz. This
causes the “chirping” sound that is
heard when the telephone rings.
These signals are only applied to
the buzzer while the ringing signal
is present. Thus, if the ringing
signal is on for two seconds and off
for four seconds, the chirping
sound is heard for two seconds at
4-second intervals.

For standard desk telephones
(those with a bell rather than an
electronic ringer), the ringing
signal is capacitively coupled to an
electromechanical bell, causing it
to jingle at its mechanical resonant
frequency of 20Hz. Capacitive
coupling is important; the ringer
must not offer a de path for line
current when the telephone is on
hook.

Power, incoming and outgoing
audio signals, and dialing signals
for the telephone are fed through a
diode bridge, an on-hook/off-hook
switch, and a switching circuit.
The diode bridge serves as an auto-

RING
2 BKHZ 0SC

Qlol

TEL

LINE O;

Digit Frequencies

(Symbol) (H2)
1 697
1209

2 697
1336

3 697
1477

4 770
1209

5 770
1336

6 770
1477

7 852
1209

8 852
1336

9 852
1477

0 941
1336

% 941
1209

# 941
1477

Table 1. Standard DTMF Dialing Tone
Frequencies.

matic polarity corrector for the
electronic circuits in the tele-
phone, providing the proper polari-
ty even if the dc polarity of the

OFF/ON HDOK
sw
Swi0l

telephone line connection becomes
reversed. When the telephone is
off hook, the switching circuit ap-
plies power to the audio amplifier.
The dialing chip gets power direct-
ly from the diode bridge, bypass-
ing the on-hook/off-hook switch.
This is necessary with redial and
memory telephones because the
dialing chip must always have
power to store the redial informa-
tion in the memory.

When you dial the phone, an
oscillator feeds into the dialing
chip, which generates a certain
number of pulses for each digit.
These pulses cause the dial pulse
switching circuit to emit the prop-
er pulse train for each digit. The
pulse train is fed through the on-
hook/off-hook switch and the diode
bridge and onto the telephone line.
The dialing pulses are fed through
the telephone line to the telephone
company’s equipment where they
are decoded to cause the proper
connection to be made.

When you talk, the outgoing
audio is fed into an audio amplifier
from the microphone. This ampli-
fied signal is fed to the primary of
the hybrid transformer, which
feeds the signal through the
switching circuits and to the tele-
phone line. The signal is also fed to
the secondary of the hybrid trans-
former, which feeds the signal at a
low level to the speaker so that you
hear your own voice in the ear
piece as you speak. This is known
as sidetone. Without this, your
conversation would sound un-

DIAL PULSE
SWITCHING

Qlo2
Qo3

DIODE
BRIDGE
DI0I-DIO&

DIALLER iC
—

€101

RC 0SC

HYBRID
TRANS SPKR
Tiot
Mic
AMP Mic
Qi04, Q105

{Courtesy of Dynascan Corporation)

Figure 2. The telephone depicted in this block diagram has an electronic ringer rather than a bell.
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natural. If the level of the sidetone
is too high, it will cause the person
speaking intoc the telephone to
speak too softly, and if the level is
too low, it will cause the person
speaking into the telephone to
speak too loudly. The outgoing
signal that is fed through the
switching circuit passes through
the circuit, the on-hook/off-hook
switch, and the diode bridge. The
signal is then fed to the telephone
line where it is connected to the
telephone on the other end of the
line by the telephone company. In-
coming audio is fed by the tele-
phone company through the line
and into the telephone. This signal
passes through the diode bridge,
the on-hook/off-hook switch, and
the switching circuit. The signal is
then fed through the hybrid trans-
former and into the speaker. As
can be seen from this example, an
audio amplifier for the incoming
signal is not always required.

Schematic diagram analysis
¢ Ringer Circuit

The ring buzzer (BZ1) and oscil-
lator (Q101) are_capacitively cou-
pled to the telephone line. This is
done to prevent the dc voltage
from turning on the oscillator. A
27V zener diode (ZD101) is also
connected between the oscillator
and the telephone line to prevent
small signals, such as dial tones or
audio, from triggering the oscil-
lator. The high-voltage ringing
signal (at least 40Vrms at 20Hz)
exceeds the zener voltage turn-on
point and provides power to the
2.8kHz oscillator. Power derived
from the 20Hz ring signal is essen-
tially a 20Hz square wave that in-
terrupts the 2.8kHz oscillator at a
20Hz rate. This signal is generated
when the ringing signal is active.

e Diode Bridge
The diode bridge (D101 to D104)
is in the circuit so that the polarity

of the voltage applied to the dial-
ing IC and transistors will remain
the same even if the polarity of the
48Vdc provided by the phone com-
pany is reversed.

e Dialing circuit

The dialing keypad is connected
to the IC where each digit that has
been dialed is read. Because this is
a pulse-dial telephone rather than
a tone-dial telephone, the dialing
IC releases a corresponding
number of pulses for each digit. A
storage device in the dialing IC
allows the digits to be dialed faster
than they are clocked out. An oscil-
lator (CR101) inputs a 480kHz
signal to the dialing IC so that the
dialing pulses are clocked at a
steady rate. These pulses are fed
to a switching circuit (Q102 and
Q103) that turns on and off to sim-
ulate an on-hook/off-hook condi-
tion. When the telephone is hung
up, the last number dialed is

listed right on the package!

i

Ask your local NTE distributor for our new
Replacement Master Guide, available early in
1984. It lists more than 3,000 quality NTE types
cross-referenced to over 280,000 industry part
nhumbers! Or for more information write:

NEw -TONE ELECTRONICS, INC.

44 FARRAND STREET - BLOOMFIELD, NEW JERSEY 07003
(Formerly TCG)

In just a few years NTE semiconductors have become
the industry standard for quality and vaiue!

That's beceuse, before being packaged in their bright
green polybags and cartons, they've been tested on
state-of-the-art equipment to ensure they meet or
exceed the specs of original devices. And to back up
that claim cf quality, we back NTE replacement parts
with an exclusive two-year warranty.

So, next time you need to replace or design, look for
the big green and white NTE. You'll find device type,
rating limits, diagram and competitive replacement

A PRODUCT
BLOOMPIg,

OF NEW.
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Figure 3. The schematic diagram of this phone illustrates its all-electronic nature. The IC in the center generates dialing pulses
and stores the last dialed number for redial.

latched into the memory so that it
can be released when the redial
button is pressed.

e Hybrid transformer
and microphone amplifier

When you speak into the micro-
phone, the signal is amplified by
the microphone amplifier so that it
can be transmitted over the tele-
phone line. The primary winding
of the hybrid transformer acts as
the audio load for the microphone
amplifier. The microphone ampli-
fier varies the current through the
primary of the hybrid transformer
at the microphone audio rate, and
thus through all series circuits in-
cluding the telephone line and the
voice transformer at the telephorie
exchange. Some of the microphone
audio is also coupled into the sec-
ondary winding of the hybrid
transformer. This signal, known as
sidetone, is applied to the speaker
at a low level.

Incoming audio is also in the
form of current variation on the
telephone line. This current varia-
tion is fed through the diode
bridge, the on-hook/off-hook
switch, the switching circuit and
the hybrid transformer. The audio
variations are coupled to the
secondary of the hybrid trans-
former and to a pair of diodes.
These diodes protect the speaker
from spikes that might be present
by clipping off any signal above the

forward voltage drop of the
diodes. The signal from the diodes
is then fed to a 1009, 0.2mW
speaker.

Test equipment

Testing and troubleshooting
telephones will require some
special techniques and equipment.
For example, because the tele-
phone has no internal power sup-
ply, an external power source is
always needed. However, in order
to provide realistic operating con-
ditions this cannot be a rock-solid
filtered dc voltage connected
directly to the telephone ter-
minals. Audio and dc are both car-
ried on the telephone line, and a
series resistance must be con-
nected between the power supply
and telephone to act as audio load
and to drop the voltage down to a
safe level at the telephone. For
testing “worst case” conditions, it
is best to simulate a long telephone
line. A -48V power supply con-
nected to the telephone through a
3W, 1.5k resistor is satisfactory.

Audio testing is simple and re-
quires no special equipment (other
than the power supply). An audio
signal generator and voltmeter are
sufficient.

To test ringing, a 100Vac rms
(280V p-p) 20Hz sine wave signal is
needed. A 20Hz signal at a lower
level is also needed to simulate the
impedance drop of a long tele-
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phone line. This is probably the
most special test circuit needed;
signal generators simply do not
supply the amplitude required. In
regard to testing techniques, ring-
ing voltage should be applied to a
telephone only when it is on hook.

To diagnose dialing problems, an
oscilloscope can usually check dial
pulses, while an oscilloscope and
frequency counter can usually
check the level and frequencies of
a DTMF dialer if the individual
oscillators are probed. A more con-
venient set-up would include a dial-
pulse decoder and DTMF decoder
with some type of readout to
determine whether the correct
digits are generated.

The B & K-Precision model 1045
telephone product tester will test
telephones, answering machines,
telephone dialers, and the tele-
phone portion of cordless tele-
phones. It also includes short cir-
cuit and continuity tests for de-
tachable telephone and handset
cords. The special test circuits
described in this article are built in
to eliminate time-consuming
special setups. The Model 1042
telephone line tester can be used
by the telephone owner to isolate
between telephone and telephone
line problems, which can avoid an
expensive service call to the tele-
phone company if the telephone

line is not
BSL..

at fault.
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Chemicals _
in electronics

By Larry S. Davis, regional sales manager, Chemtronics

- SO {20
B

Servicing technicians and consumers have available an array of chemical tools for cleaning, insulating, cooling and lubricating.

Today’s electronic technician has
a myriad of precision instruments
and tools available to assist in the
repair and diagnosis of modern,
complex equipment. Some of the
most misunderstood and least ap-
preciated of these tools are the
electronic chemicals found on the
shelves of electronic distributors
throughout the country.

Chemicals that are designed
specifically for the electronics in-
dustry are as useful a tool as the
frequency generator, video ana-
lyzer, multimeter, oscilloscope or
screwdriver. Used correctly, the
proper chemical can save the tech-
nician hours of valuable time while
increasing productivity and cost
efficiency.

Electronic chemicals can be clas-
sified as degreasers, solvents, flux
removers, lubricants, contact
cleaners, tuner cleaners, anti-
static sprays, freezing agents and
conformal coatings. Most of these
consist of various blends of fluoro-
carbons and other solvents.

Generally, there are two types of
fluorocarbons used in aerosol con-

tact and control cleaners: Freon 11
and Freon TF. These are cleaning
agents that dissolve oils and
greases but will not adversely af-
fect most metal contacts or com-
mon plastics. Freon 12 does not
have the cleaning properties of
Freon 11 or TF, but is used pri-
marily as a circuit cooler.

At earlier stages in the develop-
ment of electronics, carbon tetra-
chloride and trichlorethane were
the most commonly used cleaners.
However, both of these solvents
are highly toxic and very limited in
usage. Fumes from carbon tet
were more than 200 times as toxic
as those of modern cleaning
agents. Freon 11 and Freon TF
are non-toxic and stable and have
no adverse effects on plastic.

Tuner cleaners

Defective TV tuners are ac-
countable for a wide variety of
problems: snowy pictures, noisy
reception, loss of sound and/or pic-
ture, flashing picture and picture
distortion.

Dirty or corroded contacts are
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the primary cause of tuner mal-
functions. A good tuner cleaner
and lubricant is essential in elim-
inating most of the problems
associated with poor tuner con-
tacts. A tuner “wash” with a blend
of fluorocarbon solvents is the
ideal first step in tuner mainte-
nance. Used in aerosol form, this
concentrated formula degreaser
removes oil, dirt and gunk from
contacts and eliminates built-up
oxidation while leaving parts and
contacts totally clean.

Using a tuner wash is simple.
Remove the tuner, then open and
carefully spray the contacts, rotat-
ing the tuner as you spray. The
force of the spray alone will -help
eliminate much of the dust and
dirt. Be certain that the tuner
wash you use is a non-residue
cleaner that is safe for plastic
parts.

The second step in tuner mainte-
nance is just as important as the
first. An application of a good
cleaner/lubricant will help keep
your tuner maintenance free for
long periods of time. The most ef-



fective cleaner-lubricants contain
small polishing particles that
remove oxidation and corrosion
from contacts, leaving the tuner in
like-new condition. A valuable ad-
ditive to tuner cleaners is a chem-
ically inert lubricant that protects
contacts and prolongs tuner life.
Tests have proved that properly
lubricated tuners can last for as
long as 40,000 revolutions, where-
as the typical life of an unlubri-
cated tuner is 18,000 revolutions.

Proper application of a cleaner/
lubricant is similar to that of a
tuner cleaner. Spray all contacts,
rotate, check stator contacts to
assure they press against rotor
contacts with enough pressure to
ensure positive contact and good
cleaning action. For periodic main-
tenance, use a light duty cleaner
lubricant.

Many customers who had given
up on their televisions because of
snowy pictures are amazed to find
their sets working like new after
an experienced technician has per-
formed his “chemical magic.”

Component/circuit coolers
Detection of defective com-
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ponents that are heat sensitive can
be simplified by the use of circuit
coolers. Failure of resistors, tran-
sistors, capacitors and other com-
ponent parts is frequently induced
by heat. A spray application of a
refrigerant, usually Freon 12,
cools circuits instantly to —65°F
(-54°C), in many cases tempor-
arily restoring the suspected com-
ponent. Thus, the thermal inter-
mittent is quickly and accurately
pinpointed allowing for a quick re-
placement.

There are other uses for compo-
nent ccolers as well. To locate
cracks in PC boards, for example,
spray the copper foil circuitry.
This will cause it to frost and turn
white, exposing the crack. When
soldering heat sensitive com-
ponents, spray and chill com-
ponents before soldering for maxi-
mum protection. To prevent cold
solder joints, instantly cool the
fresh solder joint to prevent wire
movement before the solder solidi-
fies. Coolant spray can also be a
good way to limit transformer
damage. Pull the plug, then spray
the smoking transformer to cool it
quickly.

0w

Another use for refrigerant in-
cludes the quick removal of ad-
hesives. For example, chewing
gum stuck on carpet will come up
instantly without damage to the
fiber after an application of circuit
cooler.

It is desirable to have a variable
control valve for maximum freeze
spray efficiency. If a pure Freon
12 product is used, it will be non-
drip and non-residual.

Flux removers

A good flux remover is an excep-
tionally useful product in elec-
tronic production, rework and re-
pair. Again, a Freon solvent blend
in aerosol form is ideal for remov-
ing flux after soldering. The aero-
sol is additionally important here,
as it provides a constant supply of
Sfresh solvent to prevent recontam-
ination. This product is available
with CO, as a propellant, helping
to remove stubborn contaminants
without brushing or scrubbing.

When selecting a flux remover
you should consider the type of
rosin to be removed, ease of ap-
plication, and operator safety.

Several additional applications
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Mixture of Freon TF and isopropyl alcohol under pressure of
CO, propellant penetrates and flushes away contaminants on
wagnetic tape or disc heads. The cleaner dries instantly, re-
quiring no wiping and leaving no residue.

for flux removers include remov-
ing mounting wax on silicone
wafers, removal of organic soils
from PC boards and computer
cores, and removal of molding
compounds from miniature con-
nections.

High voltage insulator

Another beneficial addition to
the technician’s tool kit is a good,
all-purpose insulating spray. This
differs from the previously
discussed chemicals as it contains
a hard, insulating acrylic resin.
When applied, this acrylic coating
is highly resistant to environ-
mental extremes such as moisture,
oils, acids and alkalis. It stops arc-
ing and corona shorts, insulates
against RF high-voltage leakage as
high as 25,000 RF volts, leaving a
protective coating that perma-
nently restores insulation. A good,
high-voltage acrylic insulator such
as No-Arc is recommended for RF
transformers, motors, electrical
wiring and PC boards.

Audio equipment maintenance
The increase in the number and
variety of audio/video products has

been accompanied by an increase
in audio/video maintenance. An
important requirement for chem-
icals used in this area of electronic
maintenance is non-contact clean-
ing. It is imperative that delicate
magnetic heads and computer
dises be handled as infrequently as
possible. Magnetic Head/Disc
Cleaner contains Freon solvents
and isopropyl alcohol that are
specially formulated and packaged
in aerosol containers. When
sprayed on equipment, this chem-
ical safely removes dirt and oxide
buildup from audio/video heads
and computer discs. This product
is non-residual, evaporates in-
stantly, and can be used to main-
tain rollers, guides, capstans and
tape transport components. This
Freon blend is safe for use on
plastics, rubber and disc coatings.
Used in periodic maintenance
routines, a head and disc cleaner
can improve machinery perfor-
mance while extending tape life.
Another product that can be
used in conjunction with the above
is an ultra-pure, moisture-free, in-
ert gas for dust and lint removal
from tape heads, computer discs,
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Information of all kinds is increasingly being displayed on CRT
screens. Aerosol preparations that clean, polish and remove
the static charge on these screens make this information
easier to read.

optics, camera lenses and elec-
tronic devices. Non-abrasive and
non-residual, 70 pounds of pressur-
ized gas is an inexpensive and time
saving method that can be used by
the knowledgeable electronics
technician.

Desoldering braid

Desoldering braid is a pure cop-
per braid that has been impreg-
nated with pure rosin flux. As the
wick is placed between a soldered
joint and a source of heat, usually a
soldering iron, the solder is ab-
sorbed by the braid as it melts.
This process quickly and efficiently
desolders the joint.

Desoldering braid has been
found to be more efficient and con-
venient than conventional suction
devices and is gaining increased
popularity within the areas of elec-
tronic production and repair. De-
soldering braid, or wick as it is
sometimes called, is available in a
wide variety of gauges (from
0.25-inch to 0.190-inch) and spool
sizes (b feet to 500 feet), helping to
fulfill every requirement of the

electronic
ESY

technician.



Troubleshootlng

Tips

Testing diodes
All new color receivers

More and more diodes are testing normal on all
our diode/transmitter testers, including those that
measure the typical voltage drop produced by a con-
stant current, although replacements prove they
actually are defective.

We have found a way of identifying this kind of
bad diode: by testing the diode capacitance with a
Sencore “Z” meter. A good diode will show between
2 and 5pF (sometimes higher), while the bad diodes
give a capacitance reading of OpF.

Now we test all suspected diodes both ways (in a
diode tester and by capacitance reading). It has
saved us hours of time otherwise wasted.

Jack A. Houser
Rensselaer, NY

Editor’s note: In the ES&T lab, we tried to duplicate
these readings, but a Sencore “Z” meter was not
available. Also, we had no diodes that were defective
in this way (possibly opening when subjected to cur-
rent pulses). A B&K-Precision model 820 digital-
readout capacitance meter produced readings be-
tween 22pF and 27pF for six silicon diodes. Ger-
manium diodes and transistor junctions evidently
had excessive leakage because they activated the
overrange indication. Digital capacitance meters ap-
ply a constant charging current to each capacitance
for a precise amount of time and then measure the
developed voltage across the capacitance. There-
fore, excessive leakage or slow charge and dis-
charge will produce incorrect readings. Perhaps this
explains the results Houser obtained when using the
Sencore instrument. If you have results from similar
tests, write to the editor of ES&T.

PICK YOUR WICK

Chemtronics manufactures desoldering wicks in two
wire constructions: Chem-Wik for general purpose
desoldering with maximum solder holding capacity
and Chem-Wik Lite, faster acting for critical heat
sensitive components. As electronic equipment
becomes smaller, more complex, more demanding,
Chemtronics family of pure copper desoldering wicks
will meet your needs with a choice of performance
characteristics for virtually every desoldering
application.

Send for free literature today.

7 = Chemfronics
681 Old Willets Path

Hauppauge, NY 11788
800-645-5244
InNY 516-582-3322
Telex 968567

Clrcle (12) on Reply Card

Have you solved a difficult troubleshooting
problem? Send your solution to:

Troubleshooting Tips

Electronic Servicing & Technology

P.O. Box 12901

Overland Park, KS 66212

OPTIMA ELECTRONICS

TO ORDER CALL TOLL FREE 1-800-327-0224

G.E., SYLVANIA, ZENITH, RCA,75% OFF LIST NEW-BOXED

0 3A3 5FOR$18.11 O 6LF6 5FOR $39.60
O 6JE6 5 FOR $37.66 [ 6LB6 5FOR $36.23
0 3DJ3 5FOR $20.05 O 8CJ3 5FOR $16.89
0 6GH8 5FOR $14.30 [ 6JS6 5 FOR $33.35
0O 6HAS 5 FOR$19.05 ] 6BL8 5FOR$14.09

All Tubes Not Advertised, Write in at 75% Off List.
Sleeves Only. Singles 72% Off List
HORIZONTAL OUTPUT TRANSISTORS REPLACEMENT TRIPLERS
$2.25 ea. Min. 10, 2 yr. Warranty [ 500A ..$11.95 [ 526A ..$14.95

0 RKE1172B O RKS238 0 522 ...%$11.85 [ 529 ...$15.50
OO0 RKS1308K O RKS165 [0 523 ...$13.95 [J 539 ...$15.75
TRANSISTORS & 1.C.’s...MIN. 10, CAN MiX
TV. #s Pop. I.C. #'s STEREO #'s
O 28C1114 ..$3.75 O712....... $1.50 0O DM133........ $5.95
O MN8303 ...$3.95 O713....... $1.50 O DA101 ........ $5.75
[0 28C1034 ..$5.95 0714 ....... $1.50 O HA1377A. ... .. $3.25
[0 2SC867A ..$3.50 0 730 ¢33 $1.50 0 HA1388 ....... $5.25
[0 2SD870 ...$4.75 0790 ....... $1.50 O HA1396 ....... $5.50
[0 2SD871 ...$5.50 0O793....... $1.95 O HA1398 ....... $4.95
O AN5210 ...$6.50 0809 ....... $2.40 0O UPC1181...... $1.25
O AN5310 ...$3.95 0819 ....... $2.25 0O uUPC1182...... $1.25
0 AN5320 ...$3.25 0820 ....... $2.25 O UPC1185H ... .$3.50
[0 AN5435 ...$2.95 0848 ... ... $2.95 0O UPC1367 ... .. $3.25
O LM1818 ...$3.25 01175 .......82.25 0O UPC1368H2 ...$3.95
GENERAL
0 ExactRep: forSGON3 subafeats st s fhsd &V aomd s 6en st 5 for $35.00
0O SC8B7A(Orig.) .....coovviiineennnnnan 5 for $16.00
O HIDIV-3{800-616 equiv.) focus blockdiv. .......... ... ... 10 for $35.00
0O SolderWick ... ... ... ... ... 10 for $6.95
00 BSRChangers ............................. gy BT 1 e $32.95
[J Replacement Tone Arms (mono & stereo) . ................ 5 for $6.00
O Speaker Wire-50ft. 24gauge. . ........................... 5 for $5.00
O 3 Amp 1000 PIV Rectifie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>