
The how-to magazine of electronics... AN INTERTEC PUBLICATION 

EIGGIr11011.GTm 
Servicing &Technology OCTOBER 1988/$2.50 

www.americanradiohistory.com



Intermittents. We Hear You. 
Introducing The Heavy -Duty DMM With An Audible 

Readout That Lets You Keep Both 
Eyes On The Job. 

Intelligent design and 
solid construction make 
the new HD 150 Series the 
best DMMs in their class. 

They're the latest in a distinguished 
line that began when Beckman Industrial 
pioneered heavy-duty DMMs with their 
distinctive yellow color. Many competitors 
have since imitated that color. As for 
imitating their performance, no one 
comes close. 

The HD 150 Series attains new levels of 
excellence with a range of advanced 
features. They're waterproof. Drop proof. 

Auto -ranging. Slim -styled for one - 
hand comfort and convenience. 
With auto -off to prolong battery 
life. Plus 2 fuses, PTC resistor and 
MOV for unsurpassed overload 
protection. 

Audible readout. A "sound" 
reason to go with the HD 150 

Series With this unique feature on 
the HD 153, you measure parame- 
ters by listening to a continuous 
variable tone. As the parameter you 
measure rises or falls, the tone's 
frequency increases or decreases, 
accordingly. Use it for volts, amps, or ohms. It's 
ideal for peaking and nulling, toa 

LL 

TIME 

Intermittent alert. A key application 
of audible readout The HI) 153 pinpoints 

intermittents by emitting a "crackling" 
sound when they're detected. The 
response sounds in about 1 msec-far 
faster than the information appears on 

any DMM display. 

Logic function. 

Built tough to work hard. The HD 150 

Series DMMs are so tightly sealed against 
water and grime that they're guaranteed 
for five years against contamination. And, 
because they're built so tough, they're 
guaranteed for two years against any 
damage (except abuse). Crashes, overloads, 
moisture, dust... you name it. The HD 150 

Series can handle it all! 

Listening is believing. For a hands-on 
demo, see your distributor now Learn why 
the HI) 150 Series is the soundest DMM value 
you'll see Or hear 

Key Specifications 

HD 151 HD 152 HD 153 

The HD 153 detects Auto -ranging 
TTL or CMOS logic 

pulses using stan- 
dard test leads. 

Easy to use. 
The HD 150 

Series lets 

you read the 
LCD even at 

wide angles. 
With the large 

rotary dial you 
select functions with one- handed 

(right or left) convenience. Auto - 
ranging speeds you to the right range 

A tilt -stand and Skyhook let you set or 
hang the DMM almost anywhere. 

Range Lock 

Audible readout 

Tilt Stand and 
Skyhook 

Logic pulse detector 

Optional Optional Included 

DC voltage accuracy 

10A range 

0.7% 0.5% 0.25% 

Suggested list price $149.00 $169.00 $199.00 

Beckman Industrial,.. 
Beckman Industrial Corporation 

Instrumentation Products Division 
A Subsidiary of Emerson Electric Company 

3883 Ruffin Road, San Diego, California 92123-1898 
(619) 495-3200 FAX: (619) 268-0172 TLX: 249031 
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Chemswab `.' 

IPA Saturated 
Foam Swab 

Flux -Off® 

CO2 Propelled 
No Scrubbing 

Chempad "' 

IPA Saturated 
Cleaning Pad 

Freez-It® - 65°F Ultrajet® Dusters 
Variable Control Precision Filtered 

Tracks Intermittents to < 0.2 Microns 

Konf orm' 
UL Listed 

UV Detectable 

Chem-Wik® Lite 
Desolders 

50% Faster 

Gold Guard" 
Preserves Precious 

Metal Contacts 

Twillw4Des 

Textured Cotton 
Lint Free 

Performance you can count on. 
The electronic service industry's most popular chemicals and cleaning products for over 30 years. 

Call or write today for a free catalog, samples or technical assistance. 

Chemtronics 
Chemtronics Inc. 681 Old Willets Path, Hauppauge, NY 11788 800-645-5244 in NY 516-582-3322 
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10 A VCR repair case history- 

the sequel 
By Victor Meeldijk 
If you've been servicing VCRs for 
long, you probably realize that a 
great number of VCR problems 
are mechanical, not 
electronic 70% of them, 
according to one repair shop. And 
one of the worst culprits is the 
rewind mechanism failure. 

18 Servicing VCR servo systems 
By Stephen J. Miller 
Servo problems are easy to 
troubleshoot, right? They never do 
something like auto-stop before 
you can make a measurement. If 
only it were that easy. Try this 
servo diagostic device-it allows 
you to troubleshoot faster, easier 
and more accurately. 

42 Prevention special 
Locating ESD hazards 
By Dan C. Anderson 
You might not think a little thing 
like a spark would have that big an 
effect on electronics, especially the 
sparks you can't even feel. It might 
surprise you to know that if you 
can feel a spark, it's packing at 
least a 3,500V punch. Can that 
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affect electronic components? You 
bet-as little as 100V can cause 
failure in some devices. 

46 Prevention special 
Preventive maintenance: 
Cleaning supplies for 
computer maintenance 
By Gil O'Brien. 
Computers are going to break 
down, especially if they aren't 
given a periodic cleaning. Whether 
you're doing routine maintenance 
on someone else's machine or you 
just want to keep your own up and 
running, there are certain supplies 
that can make the job easier for 
you and safer for the computer. 

53 Build your own microwave 
oven test bottle 
By Donald P. Hopkins 
If you've got a 1 -quart juice bottle 
and a couple of NE -2 lamps, you 
can rig up a quick way to check 
the radiation pattern inside a 
microwave oven. 
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ON THE COVER 
All those little moving parts in a VCR 
may look like alien territory to most 
electronics servicers. In fact, mechanical 
problems are the cause of a majority of 
VCR failures. The two most common 
problems-dirty heads and rewind 
mechanism failures-are mechanical 
problems any VCR servicer should be 
able to handle. (Concept and design by 
Barbara Miles, graphic designer.) 
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Put them to the test 
Mini -Meters with Maxi -S ecs 

SCOPE 31/2 Digit 

LCD Meter 
05% Accuracy DC Volt- 

age AC Voltage DC Cur- 

rent Resistance Diode 

Test Battery Life 300 Hrs. 

Overload Protection: DC 

500V, AC 350V, ohms 250V 

DC/AC. 

Model $2995 
DVM-630 
Our Price 
Zippered carrying case 
CC -30 $4.50 

NEW! 

SCOPE 31/2 Digit, 

LCD 8 Function wl 

Transistor Tester 
0.5% Accuracy Audible 

continuity and diode test 10 

Amp measurement Resis- 

tance DC /AC Voltage. 

Model 
DVM-632 
Reg. 960.00 
Our Price 
Zippered carrying case 
CC -30 $4.50 

SCOPE 31/2 Digit 

LCD w/ Autoranging 
0.5% Accuracy Auto / 

Manual range selection 
DC Voltage AC Voltage 

AC Current DC Current 

Resistance. 

Special 
Model $4995 
DVM-631 
Our Price 
Deluxe carrying case 
CA -92 $9.95 

NEW! 
SCOPE Frequency Counters 

8 -digit LED Compact light- 
weight Automatic range and Hold 
function High stability in 

reference oscillator. 

Model FC -7011 $14995 
100 MHz Our Price Special 
Model 

50 MHz Our5 
1 

Price$1999 5 

B&K Precision 20 MHz 

Dual Trace 
Dual / Single trace operation 1 

mV / div sensitivity Auto/ Norm 
triggered sweep operation with AC, 

TVH, TVV and Line coupling 
Calibrated 18 step time base with 

IOX magnifier. 

Model 
2120 
Our Price $39995 

FORDHAM Frequency 

Counter 
10 Hz -150 MHz Range 7 -digit 

LED display VHF/ HF selection 
Gate time 1 sec., 5 sec. ±1 

count accuracy. 

Model FC -150 $13990 
Our Price 

FORDHAM Sweep Function 
Generator 

Frequency range 0.2 Hz to 2 

MHz Sine, triangle, square, pulse 
TTL, wave forms Frequency 
accuracy ±5% of length scale 

Test leads included. 

Model 
FG -801 
Our Price $21995 

SCOPE Digital 
Capacitance Meter 

1 pf to 2000 Af 

Digital LCD display LSI- 

circuit High accuracy: 
100 PPM 05% Broad test 
range Fast sampling time 

Capacitor discharge 
protection Compact, light- 
weight design One -hand 
operation. 

Model $5995 
DCM-602 
Our Price 

NEW 

FORDHAM Function 
Generator 

05 Hz - 500 KHz in 6 ranges 
Sine, square & triangle wave 

forms VCA and VCF inputs 
Accuracy ±50/d of full scale. 

Model FG -202 $14990 
Our Price 

SCOPE 41/2 Digit Bench 
Digital Multimeter 

41/2 Digit LCD Automatic (-) 
negative polarity Six 15V "D" 
size batteries Low battery indica- 

tion Overload protection Test 

lead set, batteries, spare fuse incl. 

Model 
DVM-6005 
Our Price $21995 

SCOPE Digital Multimeters 
Overload protection Auto -decimal LCD readout 

Polarity indication 300 hr. 9V battery life 

Low battery indicator .5% DC accuracy 

8 Functions, 37 Ranges 
including Transistor and 
Capacitance measurements 

Model 
DVM-636 
Our Price 

11 Function, 38 ranges 
including Logic Level Detector, 

Audible and Visual Continuity, 
Capacitance and Conduct- 
ance measurements 

$v ^ 50 
DV 1 

Moel8 387 $e 50 
Our Price v 

CA -92 Deluxe Padded Case for DVM rooters $9.95 
99.90 TL -216 Transistor and Capacitance Test Leads 

FORDHAM Signal Tracer/ 

Injector 

Easy to operate VU meter 
Two LED mode indicators 1 

KHz test tone 8 ohm speaker 
Test leads. 

Model SE -610 $11990 
Our Price 

Hitachi 35 MHz Dual Trace 

Oscilloscope 
Frequency bandwidth DC to 35 

MHz 6 inch CRT with %calibra- 
tions Autofocus Scale illumina- 
tion and photographic bezelLght- 
weight, compact Probes incl. 

Model 
V-355 
Our Price $59995 

Telephone Orders Now! 
ASK FOR FREE CATALOG. Money orders, checks accepted. C.O.D: s require 25% deposit 

Fordham 
260 Motor Parkway, Hauppauge, NY 11788 

Mon. -Fri. 8 a.m. -6:30 p.m. EST. Sat. & Sun. 9 a.m. -3 p.m EST 

800E6459518e 

In NY State 800-832-1446 

FORDHAM LCR Bridge 

Meter 
Fully transistorized 1 KHz 

signal generator Measures 
resistance, inductance, cap- 
acitance High mechanical 
and electrical stability Battery 
operated. 

$14995 Model LC -340 
Our Price 

SCOPE Pocket Sized Audio 
Signal Generator 

Sine /square wave patterns 20 Hz 

to 150 KHz Battery operation Freq. 

accuracy ±3%or less Output 1.2V 

mis max. (no load) Low battery 

indicator Test leads /9V battery ind. 

Model 
RC -555 
Our Price 

$5995 

Service 8 Shipping Charge Schedule 
Continental U.S.A. 

FOR ORDERS 
5.50 52550 

$50 $550 .00 
n00 51011 200 
SSW $201X0 
$900 1.3W -4C0 $900 

$12.50$551.150 

$1500 $ß,.1o00 
51251.15 0 51050 

51251.20 
$2000 $1.501-20X 
53000 $200, and Up 

Not responsible for typographical errors. 
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Editorial 

What's the 
problem 

with 
electronics 

product 
design? 

The audio system in my Japanese - 
made car is great. The sound is every- 
thing you could possibly want in a car 
audio system. It has AM/FM stereo with 
station seek, a stereo cassette with auto 
reverse and automatic program search. 
Wonderful. And I can preprogram up to 
five stations on both AM and FM so 
that, with a touch of a button, I have 
whatever station I want. 

So what's the problem? Well, operat- 
ing an auto radio has to be a tactile 
operation. In every other car I've owned, 
to operate the radio I would just lean 
over, eyes still on the road, and find the 
volume control, tuning knob or station 
preset buttons by touch. 

The sound system in my new car is so 
wonderfully sleek that all the controls but 
the on/off/volume are electronic push 
buttons, mounted flush with the surface 
of the radio. When I reach over to change 
the station or perform some other opera- 
tion, keeping my eyes on the road, I get 
no tactile clues at all. Even worse, if I 
touch the radio to try to get a clue, I 
might push one of the station preset but- 
tons I didn't mean to push. Or the 
AM/FM selector button. Or one of the 
station tuning buttons. 

So I find myself looking at the radio 
when I should be concentrating on the 
road. Unfortunately, the radio isn't real- 
ly well -designed visually. Oh, it looks 
great, but no matter how many times I 
operate it I have to think about what I'm 
doing and what buttons to push. And as 
flat and sleek as the instrument panel is, 
when I'm driving down a normal city 
street with normal bouncing around, it's 
hard to get my finger on the right button 
because there's no place to rest my hand 
while tuning. 

So is the current crop of consumer 
electronics not well designed? The 
answer is probably yes and no, depend- 
ing on your point of view. 

Take VCRs, for example. Many peo- 
ple think they're too complicated-a lot 
of consumers can't even hook them up. 
Once they are hooked up, a lot of con- 
sumers can't take full advantage of their 
marvelous features. The move toward us- 
ing bar codes for programming a VCR 
to record a TV program is being made 
because thousands-perhaps millions- 
of people don't know how to operate the 
programming buttons on their VCRs. 

The cry is to keep all the features but 
simplify the controls so that they're 
easier to operate and understand. No 
doubt there's merit in that. On the other 
hand, the very nature of the operation is 
that it's complex. 

No doubt it's possible for the manufac- 
turer to design products better in order 
to simplify some of these operations, but 
there's no getting around the fact that the 
more things a product is capable of do- 
ing, the more complex its operation will 
be. In the final analysis, then, it's not on- 
ly that the machine is complicated but 
that the operating environment is com- 
plex as well. The machine is simply a 
reflection of that environment. 

Consumer electronics manufacturers 
probably will be able to simplify the 
operation of their products-after all, the 
auto manufacturers did when they invent- 
ed automatic shift and other automatic 
controls. Still, when you ask a product 
to do a lot of things, it necessarily be- 
comes complex and complex to use, so 
not all of the blame should be placed on 
the shoulders of the manufacturers. 

But let's not let the manufacturers off 
too easily. In many cases, they opt for 
the elegant electronics approach to 
manufacturing a product, which is not 
necessarily the best approach for the 
people who operate it. The "solution" 
to this problem probably rests with 
technological evolution. The complaints 
of consumers will no doubt prompt 
manufacturers to take steps to reduce the 
complexity of their products where 
possible and to consider the user and the 
conditions of use when engineering to- 
day's consumer -electronics technological 
marvels. Consumers also will gradually 
become more conversant with the in- 
tricacies of these devices. 

In the meantime, servicing technicians 
are the people in the middle. You're 
probably going to run into situations 
where a customer calls you out for a 
"broken" VCR and you get to explain 
about the TV/VCR button. And of 
course, there will be those customers 
who think you personally designed these 
"dumb things." All you can do is what 
servicers always do-hope your next call 
is for a nice, intermittent TV shutdown 
problem. 

ca.,14.e.,..,-A4 ?4".&. -.ei 
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How to rescue yourself from 
a landslide of 

microprocessor board failures. 
Complementing traditional trouble- 
shooting tools, the Fluke 9010A can 
help decrease your board repair times 
by 55-80%. 

You've got your oscilloscopes, your logic 

analyzers and your signature analyzers. But 

Fluke offers a better way to troubleshoot: 
the tool you'll reach for most. It's the 9010A 

Troubleshooter, a versatile board tester 

that's so easy to use, you can start testing 

the very first day. 

The Fluke 9010A has a proven track record 

in saving repair time and substantially 
reducing board float. In fact, it has become 

the microprocessor repair tool of choice for 

over 2800 companies worldwide, including 

the leading computer and electronics 
manufacturers. 

Test the easy way: from the micro- 
processor socket. 

To begin board repair, remove the micro- 

processor from its socket and insert the 

interface pod connector in its place. Each 

element of the microprocessor kernel (the 

bus, ROM, RAM and 110) can be tested with 

a few simple commands. 

Fluke's patented emulation technology 

offers real time testing and complete vis- 

ibility throughout the circuit. This lets you 

test even the tough problem areas, includ- 

ing DMA, disk, video, communications and 

peripheral controllers. All diagnostic mes- 

sages are presented in simple -to -understand 

English. 

Comprelhensive support from Fluke. 

The 9010A supports over 50 micro- 

processors (including 180X, 6502, 680X, 

680XX, 803X, 804X, 805X, 808X, 874X, 

80X86, 9900, Z80, Z800X, 8751). And it is 

backed by Fluke's complete support net- 

work, which offers training courses nation- 

wide on test strategy, basic operation and 

even µP fundamentals. 

PHILIPS PHILIPS 

In addition to the 9010A, the leader in emu- 

lative board test technology also offers the 

9100A Digital Test System for a fully auto- 

mated repair solution; plus the 90 Series, a 

compact inexpensive troubleshooting solu- 

tion for 6809, Z80 and 8085 µPs. 

To learn how you can escape the land- 

slide, get your free video brochure 
"The 9010A µP Board Repair Solution." 

Call 1 -800 -44 -FLUKE, EXT. 88 today. 

John Fluke Mfg. Co., Inc. P. 0 Box C9090, 

MIS 250C, Everett, OVA 98206. 

U S : 206356-5400 CANADA. 416-890-7600 

OTHER COUNTRIES 206356-5500 

© Copyright 1988 John Fluke Mtg. Co. Inc. 

All rights reserved. Ad No 0181-F9010. _- uu u WI LI 11.-4 r.+ uu l ILLuuu u 
l'll II II LJu UVV V 
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The 9010A Microsystems 

Troubleshooter 

FLUKE 
0 
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Tektronix launches seminar schedule 
Tektronix has announced the 

Measurement Application Series, a 
series of educational seminars designed 
to introduce test -and -measurement 
engineers and technicians to new 
technology and applications. Tektronix 
has prepared two of the seminars, which 
will cover the 2445B, 2465B and 2467B 
analog scopes and the DSO series of 
portable scopes. 

For more information, contact the 
company at P.O. Box 500, Beaverton, 
OR 97077; 800 -TEK -WIDE, extension 
3028. 

Tegam solicits application 
information 

Tegam is looking for information 
about special applications including the 
results of using the company's electrical 
and thermometric test meters. 
Customers can send two paragraphs 
describing the application and results, 
along with a reproducible 35mm photo 
of the application. If the application is 
accepted, the customer will be given the 
choice of a cash amount or a substan- 
tial percentage off the list price of any 
unit Tegam manufactures in exchange 
for the right to use that application. 

EIA supports HDTV compatibility 
The Electronic Industries Association 

Committee on Advanced Television 
(EIA ATV) has agreed that any system 
adopted for high -definition TV (HDTV) 
should be compatible with the current 
NTSC system now in operation in the 
United States. The committee has also 
agreed that the NTSC signal received by 
the home viewer must not be degraded 
by the HDTV system, and that the tran- 
sition to HDTV must be smooth in order 
to protect both consumers' and broad- 
casters' investments. 

Reader's survey predicts sales 
A recent Better Homes and Gardens 

Consumer Panel survey of subscribers 
found that 12 % of the respondents own 
a portable video camera but 20% intend 
to buy one. Among those who intend to 
buy a portable video camera, 36% plan 
the purchase within the next year; 64% 
say it will be one to two years from now. 

The panel is composed of 1,000 
subscribers who are demographically 
representative of the 7.4 million Better 

Homes and Gardens magazine 
subscribers. 

EIA/CEG plans HPL demonstration 
The Electronic Industries Associa- 

tion's Consumer Electronics Group 
(EIA/CEG) Engineering Department 
and its Standards Committee will 
demonstrate a new technology, home 
products link or HPL, in a variety of 
home appliances. The demonstration 
will be held in booth number PT -13 at 
the 1989 Winter Consumer Electronics 
Show. 

HPL is a communications standard 
developed for home automation. The 
standard has three aspects: the media, 
which are the physical carriers of the 
message; a control language, which will 
tell the appliance what to do; and an ap- 
plication language to allow products of 
different manufacturers to work 
together. 

The 1989 Winter Consumer Elec- 
tronics Show will be held Jan. 7-10 at 
the Las Vegas Convention Center and 
surrounding hotels. For more informa- 
tion, contact the EIA/CEG at 2001 Eye 
St. N.W., Washington, DC 20006; 
202-457-4919. 

UL proposes standards 
Underwriters Laboratories (UL) is 

proposing two updated standards for 
recognition as American National Stan- 
dards by the American National Stan- 
dards Institute (ANSI). UL 961, the up- 
dated Standard for Safety for Hobby and 
Sports Equipment, covers electrically 
powered hobby and sports equipment 
rated 250V or less. These requirements 
cover equipment intended for the home 
entertainment and amusement of adults. 
UL 1283, the updated Standard for Safe- 
ty for Electromagnetic Interference Fil- 
ters, covers EMI filters connected to 
600V or lower potential circuits, includ- 
ing facility filters, cord -connected fil- 
ters, direct plug-in filters and appliance 
filters used to attenuate unwanted radio - 
frequency signals generated from elec- 
tromagnetic sources. UL is seeking re- 
view and comment to help develop a 
consensus upon which continued recog- 
nition of the standards can be based. 
Contact L.M. Cohen at UL, 333 Pfing- 
sten Road, Northbrook, IL 60062-2096 
(312-272-8800, ext. 2692) for a free 
copy. 
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SPIKES, SACS & 
SURGES 

WAVEFORM WI -H SPIKES 

SURGE 

NOMINAL SAG 

iclEaaar- 

You need a 
tool to identify 
these disturbances 
before they cause a problem. 

You need our new 
line disturbance recorder: 

AMPROBE 
SPIKE -SAG -SURGE 
RECORDER 

Solid State Circuit Design 
Easy to use, affordable 
All 3 disturbances appear on 
same chart 
Low Battery Indication 

Ranges are 22014401880V nominal. 
User adjustable threshold. 

RLN1.411 wWlrrl' "it lïl:bil 111 
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Available in well over 100 countries around the world. 

ASM°PROBEIEINSTRUMENT 
630 MERRICK ROAD, P.O. BOX 329 

Area Code 516-593-5600 TWX: 5102258403 AMPROBE LYBK 
ITT TLX 4971416 EASYLINK 62885884 

FAX 516593-5682 

:STerlla 

MODEL 
LAS -800 
$699.85 

Write for Catalog AAD-86 or visit your Amprobe distributor today. 

Circle (6) on Reply Card 

www.americanradiohistory.com



Digital wìth 
' ' . .a cUt= 0.212V 

c4243.80U SAUE cU2=B.BOU -t-3 

y. 
l,%/,% 

0.12 23 SAMPLE 10.3 8.1c 2c 

AT163.e..s 
SAUE 

.U1. 8.212U [.T256.4.s 
cU2=3.88U SAUE 

x 

cV1= 8.884V 
cU2=4.88U T- 

/ l 7 7 / í 7 " /,(7/1,7.7 _1(777h % i 7 ,/ 7 ! / t ¡ 

3?'1FtE 18.s 

aT358.7.s 
SAUE -r)rrrr 

Give up real-time capability for 
storage? Not with Tek! 
That's because analog capability is 
integral to low-cost Tek digital storage 
oscilloscopes. So you need only one 
instrument to make all your measure- 
ments efficiently. With no trade-offs. 

It's another Tek advantage: analog 
and digital in one familiar, affordable 
package. 

Select 
either 
mode 
at the 

push of a 
button. 
With digital 
storage you 
can capture 
events which 

are difficult if 
not impossible 

to see on con- 
ventional scopes. 

Pre and post trigger 
events. Fast transients. 

Copyright c 1988, Tektronix, Inc All rights reserved 1,11 3A 

Single -shot events. 
Elusive glitches. 
Low -speed 
phenomena. 

Any waveform can be viewed for 
as long as you like. Or stored in 4K of 
memory for later analysis or com- 
parison to other waveforms. And if 
there's a question about a digital 
measurement, just push a button for 
real-time display analysis. 

Four screen photos spliced 
end to end illustrate the 
benefit of full four -screen 
capture using the 2230's 4K 
record length. 
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real-time advantage. 
The affordable portables. 
These are the world's best-selling dig- 
ital storage oscilloscopes. And with 
the new 50 MHz Tek 2210 joining the 
family, there's now an even better 
selection-in bandwidth, perform- 
ance and price. 

Select for advanced features such 
as 100 ns glitch capture at any sweep 
speed, CRT readout, measurement 
cursors, multiple acquisition modes 
and hardcopy output, plus optional 
GPIB or RS -232C interfaces and 
software. 

These scopes are perfect for 
first-time digital users. And sea- 
soned operators will appreciate 
even more their versatility, con- 
venience and value. All backed 
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Features 2230 2221 2220 2210 

Bandwidth 100 MHz 60 MHz 60 MHz 50 MHz 

Max. Sam- 
piing Speed 

20 MS/s 20 MS/s 20 MS/s 20 MS/s 

Vertical 
Resolution 

8-12 bits 8-10 bits 8 bits 8 bits 

Record 
Length 

4K 4K 4K 4K 

Glitch Capture 100 ns 100 ns 100 ns No 

CRT Readout/ 
Cursors 

Yes Yes No No 

GPIB/RS-232-C 
Options 

Yes Yes Yes No 

Warranty 3 -years on labor and parts including CRT 

Price $4995 $3995 $2995 $2395 

Each scope offers a range of 
capabilities you'd expect to 
find only in much more 
expensive instruments. 

by Tek quality and a 3 -year warranty. 
Discover the potential. Let Tek 

show you what you're missing ...with- 
out making you give up analog to see 
it. That's the real-time advantage of 
Tek digital storage. 

For easy ordering or more infor- 
mation call Tek Direct: 

1-800-426-2200 
VISA, MasterCard 

Tektronix" 
COMMITTED TO EXCELLENCE 
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A VCR repair case history 
the sequel 
By Victor Meeldijk 

Becoming an electronics servicer 
doesn't necessarily mean you can forget 
about mechanics, especially when your 
field of expertise is VCR servicing. A 
typical New York city repair shop 
estimates that 70% of all VCR repairs 
involve mechanical problems. The most 
common problem is dirty heads. (For 
more information on cleaning VCRs, 
see "Maintenance and Cleaning of 
VCRs" in the May 1987 issue of ES&T.) 
The second most common VCR prob- 
lem, according to the Electronic In- 
dustries Association (EIA), is rewind 
mechanism failures. 

Meeldijk is the reliability/maintainability engineering 
manager at Diagnostic/Retrieval Systems. 

The first VCR -repair case history, 
which appeared in the February 1988 
issue, analyzed a fast -forward and re- 
wind (FF/R) problem on a Fisher model 
FVH-510. This time, we'll take a look 
at a 2 -year -old Fisher model FVH-839 
with similar problems. 

Another FF/R problem 
As was the case in the first article, this 

VCR didn't fast -forward or rewind prop- 
erly. When FF/R modes were selected, 
it would take a few seconds for the tape 
to actually start moving, and the VCR 
eventually would not move tape at all. 
Then, after a few attempts at trying to 
rewind tape, the VCR would not start 
up. When the rewind mode was 
selected, the motor would start, then 
stop as if it had stalled out. Cue and 
review functions continued to work 
normally. 

Figure 1 is a top view of the tape - 
transport mechanism showing the 
tape reels (Fisher part number 
143-0-4104-00900, supply; and 
143-0-4104-01100, take-up reel), gear 
idler (143-0-4904-00900) and idler 
spring (143-2-6604-04500). FF/R prob- 
lems generally are caused by the idler 
tire, but if the idler spring has come 
loose, the same symptoms will occur. 
Cue and review functions continue to 
work because the reels are directly 
driven by a gear in the idler assembly 
rather than the idler tire. 

To watch the motion of the reels and 
finger test the reel torque, you can fool 
the VCR into thinking a tape cassette has 
been inserted into the machine. First, 
unplug the VCR, take out the two screws 
on the left and right sides of the cover 
and, from the rear, lift the cover off the 
VCR. Next, place a piece of tubing or 
part of a multiwire coax cable jacket 
over the tape sensor. (See Figure 2.) 
Then, with the power on, press up on 
the levers on the top left and right sides 
of the cassette tape tray until the tray 
starts moving (use forefingers to push 
the levers and thumbs to push the tray). 
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Figure 3 shows the levers when the tray 
is in the lowered position. An alternate 
method is to insert a cassette but hold 
on to it so it is not pulled into the VCR 
as the tray lowers. 

As soon as the tray is down, press 
down on the cassette sensor switch near 
the take-up reel. (See Figure 4.) If this 
is not done immediately, the tray will 
automatically return to the upper 
loading position. While depressing the 
cassette sensor switch, which will light 
the cassette picture on the loading door, 
press either the FF or R buttons to 
observe reel movement. If they are mov- 
ing, you can test the torque by trying to 
slow down their movement with your 
fingers. If they stall easily, there will not 
be enough torque to move the cassette 
tape. 

To return the tray to the up position, 
press down the cassette sensor switch 
and hit the eject button-quickly move 
your fingers out of the way after you hit 
the eject button. 

If the rewind -stalling symptom is not 
immediately present, it is because the 
master cam has reset after the machine 
has been disconnected from the ac 
power. Running the VCR in the rewind 
mode when the tape does not move will 
cause the mode -select and master cam 
to move out of sync. When this happens, 
the recorder sounds and acts as if it is 
stalling in the rewind mode. When ac 
power is cycled off and on (using the 
power plug), the clicking noises heard 
when the VCR is plugged in is the 
transport mechanism resetting itself. 

Once it has been verified that the idler 
tire has to be replaced, follow the 
disassembly steps in the sidebar. Unlike 
other VCRs, the idler assembly is 
mounted to the underside of the chassis, 
and the disassembly steps to reach it are 
lengthy. The disassembly steps listed in 
the table, however, do not follow those 
contained in the Fisher service manual. 
In the service manual, the idler/idler 
gear is removed after the capstan motor 
is removed. Reassembly involves align - 

Figure 1. In this top view of the tape -transport mechanism, the idler is just visible underneath 
the chassis. 

Figure 2. You can cover the tape sensor with a piece of cable jacket. 

Figure 3. This photo shows the levers when the tray is in the lowered position. 
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ing the master cam and tension arm. 
Using the steps outlined in this article, 
you can avoid removing the capstan 
motor and making other alignments. 
When the old idler tire is removed, you 
will note that it has a smooth and shiny 
appearance. The new tire, on the other 

Figure 4. The cassette sensor switch is 
located near the take-up reel. 

Figure 5. The capstan motor and idler com- 
plete assembly are visible from the underside 
of the VCR. 

hand, is dull and has a rough surface 
texture. 

Temporary repairs 
Before replacing the idler tire, I at- 

tempted a number of alternative repair 
methods. First I used a rubber 

revitalizer, although they are not nor- 
mally advertised for this purpose. After 
treatment, some initial tape slippage oc- 
curred (as evidenced by a slow -moving 
tape -footage counter), but then the VCR 
started to operate normally. However, 
this "fix" only lasted one day. The treat- 

í---:: 
7 .11i111 
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Figure 6. Move the harness wires out of the notch in the plastic 
reel assembly bracket. 

Figure 7. Remove the Phillips screw holding down the plastic reel 
assembly bracket. 

Figure 9. To move the gear into an area where it can clear the 
chassis, turn the idler gear assembly to the left. Figure 8. Two tabs secure the plastic bracket to the chassis. 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE 

Introducing a whole new 
way to look at oscilloscopes. 
Operation that's instinctively, unbe- 
lievably clear. Information that's 
detailed, yet free of errors. And intel- 
ligence that will speed your work. 
Philips' micro -computer controlled 
medium -frequency Smart Series. 
They could change forever the way 
you look at oscilloscopes. 

HIGH PERFORMANCE WITH A VIEW 

LCD window. Large digital indications note 

all selected functions, instrument settings 

and parameter values. Instantly. Precisely. 

With no mistakes. And right where you 

need them-next to the CRT. Not hidden 

in crowded frontpanels. Not wasting critical 

waveform display area. It's a revolutionary 

idea that facilitates the use of an oscillo- 

scope like nothing else. And it's only from 

Philips. Once again. 

16kV CRT. Higher acceleration voltage 

and advanced electron optics assure bril- 

liance and spot quality that outshines any- 

thing else in this class. 

Pushbutton simplicity. Quick, one -function 

buttons have replaced knobs for faster, 

surer, more reliable operation. 

Instant -action AUTOSET. Philips' intelligent 

beamfinder automatically selects channel, 

amplitude, timebase and triggering for 

error -free display of any input signal. Great 

for troubleshooting! 

"Clever" cursors and delayed sweep. Stan- 

dard on the PM 3070, "clever" cursors 

supply immediate amplitude and timing 
measurements with direct CRT readout. 

And an exclusive cursor -operated ZOOM 

function offers the most efficient use of 

delayed sweep available in analog scopes. 

Auto -Triggering intelligence. Provides fast, 

stable triggering up to 150 MHz. 

Probefactor compensation in LCD. It auto- 

matically adjusts all readouts for the probe 

you're using. 

IEEE compatibility. For fast computer hook- 

up and automated production test and 

calibration. 

Choice of four models: Single and dual 

timebase; 60 or 100 MHz bandwidths. 

SUPPORTING VIEW 

Philips' medium -frequency instruments 

come with a 3 -year warranty, a 30 -day 

money -back guarantee and all the tech - 
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nical and service assistance you need. 

From Fluke-the people who believe that 

extraordinary technology deserves extra- 

ordinary support. 

POINT OF VIEW 

Call Fluke today at 800 -44 -FLUKE 

ext. 77. And find out how easy it is to 

change the way you look at oscilloscopes. 

Ask for your free copy of our new guidebook, 

Basic Principles of Oscilloscopes. 

John Fluke Mfg. Co., Inc., P.O. Box C9090, MIS 250C, 

Everett, WA 98206 
U.S.: 206-356-5400 CANADA: 416-890-7600 

OTHER COUNTRIES: 206-356-5500 

© Copyright 1988 John Fluke Mfg. Co., Inc. 

All rights reserved. Ad No. 0481-P3065170 

SMART SERIES OSCILLOSCOPES 608100 MHz 

(FLUKE) 
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1. Disconnect power from the VCR and 
remove the top cover. (Remove the two 
screws on each side of the unit, then lift 
the cover up from the rear.) 

2. Remove the idler spring (Fisher P/N 
143-2-6604-04501. 

3. Lift off the stopper washer 
(143-2-6304-01800) that secures the take- 
up reel. 

4. Holding onto the take-up reel sub - 
brake take-up assembly, slowly lift the 
reel out of the VCR. Be careful not to 
loosen the washer (143-2-6304-02900 or 
0300 or 03100, depending upon ad- 
justments made to the VCR) just under 
the reel. Slowly release the brake 
assembly so the spring (143-2-6604- 
04300) doesn't fly loose. Note: the VCR 
uses a Hall -effect sensor and magnets 
embedded in the reel to send signals to 
the tape -footage counter. 

5. Put the cover back on but do not screw 
it in place. Turn the VCR over and 
remove the screws securing the bottom 
cover. Lift the cover off from the front 
of the VCR. 

VCR disassembly 
steps 

6. With the cover removed, you can see 
the capstan motor and gear (idler com- 
plete) assembly (143-2-7504-00400 or 
00600, depending upon the VCR). Refer 
to Figure 5. Remove the drive belt and 
work the harness wires out of the notch 
in the plastic reel assembly bracket. (See 
Figure 6.) 

7. Shift the wire harness to expose the 
Phillips screw holding down the bracket. 
Use a number 2 screwdriver to remove 
it. (See Figure 7.) 

8. Look for two tabs that secure the 
plastic bracket to the chassis. Figure 8 
shows the left -side tab. Press in on the 
tab and lift the bracket until the tab clears 
the chassis. You cannot take out the 
plastic bracket because of the wire 
harness. 

9. Remove the stopper washer 
(143-2-630401500) holding the idler gear 
assembly (143-2-6304-00600) and turn 
the assembly to the left to move the gear 
into an area where it can clear the 
chassis. Lift the assembly out of the VCR 
(refer to Figure 9). As with the reel 
assembly, be careful not to lose the 

washer under the idler gear assembly 
(refer to Figure 10). 

10. Remove the stopper washer 
(143-2-630401500) holding the idler 
(complete -143-0-4904-00900). 'Barn the 
idler wheel to the left, which will free 
it from the chassis, and lift it out of the 
VCR. With the idler wheel out of the 
machine, the tire can be removed and 
replaced. Replacement tire dimensions 
are 0.985 OD, 0.885 ID and 0.120 thick. 
Complete idler assemblies can also be 
purchased from various repair -part com- 
panies, if necessary. 

11. To reassemble the VCR, follow the 
disassembly steps in reverse order. When 
replacing the idler wheel on the shaft, 
make sure that the gear is to the left and 
that the left arm of the "wishbone" is on 
the left side of the metal (brass) attached 
to the idler arm control. (See Figure 5.) 
It is also recommended that you grease 
the idler and reel shafts during 
reassembly. 

Figure 10. Be careful not to lose the washer under the idler gear assembly. 

ment was repeated with the same 
results; after the tire dries out, slippage 
starts again. 

For the second repair, I used an O- 
ring from a faucet repair kit. The O-ring 
was, however, a little too small; this 
problem, coupled with the ring's smooth 
surface, made it an unworkable 
substitute. Next, I tried cutting a rub- 
ber grommet to size using a hobby 
knife. This tire worked for a few FF/R 
cycles, but it proved to be too soft and 
disintegrated, leaving residue on the 
idler. A neoprene hose washer worked 
much better and would be an excellent 
temporary substitute except that it is 
almost impossible to cut the inside of 
the washer perfectly round. Although 
the washer works, the cassette tape is 
unevenly packed onto the reel. It does 
not appear at this point that there is an 
acceptable substitute for a properly 
manufactured idler tire. ES if 
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Now electronics technicians can get into VCR Servicing quickly and easily 

Learn professional VCR servicing 
at home or in your shop 

with exclusive videotaped 
demonstrations 

Today, there are more than 10 million 
VCRs in use, with people standing in 
line to have them serviced. You can 
bring this profitable business into your 
shop with NRI professional training in 
VCR servicing. This top-level training 
supports the industry's claim that 
the best technicians today are those 
who service VCRs. 

Integrated Three -Way 
Self -Teaching Program 
In one integrated program, NRI 

gives you a study guide, 9 instructional 
units, 2 hours of video training tapes 
accompanied by a 32 -page workbook 
that pulls it all together. At home or in 
your shop, you'll cover all the basic 
concepts of video recording, mechani- 
cal and electronic systems analyses, 
and the latest troubleshooting tech- 
niques. Your workbook and instruction- 
al units also contain an abundance of 
diagrams, data, and supplementary 
material that makes them valuable addi- 
tions to your servicing library. 

The "How -To" Videotape 
Your NRI Action Videocassette uses 

every modern communications tech- 
nique to make learning fast and easy. 
You'll enjoy expert lectures and see 
animation and video graphics that make 
every point crystal-clear. You'll follow 
the camera eye into the heart of the 
VCR as step-by-step servicing tech- 
niques are shown. Both electronic and 
mechanical troubleshooting are covered 

. including everything from com- 
plete replacement and adjustment of the 
recording heads to diagnosing micro- 
processor control faults. 

Plus Training On All The 
New Video Systems 

Although your course concentrates 
on VCRs covering Beta, VHS, and 3/4" 

U-Matic commercial VCRs, NRI also 
brings you up to speed in other key 
areas. You'll get training in capacitance 
and optical video disc players, projec- 
tion TV, and video cameras. All are in- 
cluded to make you the complete video 
technician. There's even an optional 
final examination for NRI's VCR Pro- 
fessional Certificate. 

Covers Beta and VHS 
systems with actual 

instruction on 
videotape. 

fw'.Ì 

The Best Professional 
Training 

This exclusive self -study course has 
been developed by the professionals at 
NRI. NRI has trained more television 
technicians than any other electronics 
school! In fact, NRI has consistently 
led the way in developing troubleshoot- 
ing techniques for servicing virtually 
every piece of home entertainment 
equipment as it appears in the market- 
place. 

Satisfaction Guaranteed 
...15 -Day No -Risk 

Examination 
Send today for the new NRI Self - 

Study Course in VCR Servicing for 

SI Get me started in profitable 
. VCR servicing. Rush me my 

NRI self -study course in VCR Servicing for 

Professionals. I understand I may return it for 

a full refund within 15 days if not completely 

satisfied. 

PLEASE SPECIFY TAPE FORMAT DESIRED VHS 

Name (please print) 

Company 

Street 

City/StatelZip 

Enclosed is my check money order for $179.95 (D.C. residents add 6% tax) Make check payable to NRI 

Charge to VISA MasterCard 

Professionals. Examine it for 15 full 
days, look over the lessons, sample the 
videotape. If you're not fully satisfied 
that this is the kind of training you and 
your people need to get into the profit- 
able VCR servicing business, return it 
for a prompt and full refund, including 
postage. Act now, and start adding new 
business to your business. 

Special Introductory Offer 
This complete VCR training course 

with two hour videotape is being 
offered for a limited time only, on 
orders received from this ad, at our low 
introductory price of $179.95. Save 
$20 by acting now! 
NRI Training For Professionals 
McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue Washin ton, DC 20016 

BETA 

RI NRI Training For Professionals 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Avenue 

Washington, DC 20016 

Interbank Number 

Card Number Expiration Date 

Signature 

(required for credit card sales) 2630-108 
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Technology 

The I6Mbït DRAM 

Recent advances in memory - 
chip design have resulted in vast 
improvements in memory capaci- 
ty within this decade. For exam- 
ple, at the beginning of the 1980s, 
mainstream memory capacity was 
64kbits. Today, however, 1Mbit 
capacity -16 times the capacity of 
64K-is dominant in the market, 
and 4Mbit capacity should be- 
come available in the near future. 

Even higher capacity chips 
eventually should be available. In 
fact, Toshiba has already devel- 
oped an experimental 16Mbit 
dynamic random access memory 
(DRAM) chip. The device can 
memorize more than 2 million 
alphanumeric characters, which 
would allow the contents of the 
New York Times newspaper 
(about 64 pages) to be stored on 
a 12mmX17.5mm chip. 

The experimental device integrates 
about 34 million elements (transistors 
and capacitors) on a single chip. Its ac- 
cess time (the time required to read one 
bit of information) is typically 7Ons-70 
billionths of a second. Toshiba applied 
0.7 -micron microlithographic tech- 
nology to the new device, compared 
with 0.8 -micron rule, which will be used 
in the company's 4Mbit DRAM. 

2nd -LAYER ALUMINUM 

2nd -LAVER 
POLYSILICON 
1st -LAYER 
POLYSILICON 

Figure 1. The 16Mbit DRAM uses a stacked 
trench capacitor cell structure to eliminate the 
electric leakage between capacitors. The 
polysilicon layer on the side walls of the 
trench allows impurities to be diffused thinly 
and evenly. 

A new structure of basic elements 
In order to reduce the chip size and 

increase its reliability, Toshiba research- 
ers developed a new structure of 
memory cell (a basic element to 
memorize one bit of information) called 
a stacked trench capacitor cell (STT). 
This structure eliminates the electric 

leakage between capacitors, which will 
cause errors in stored information. In 
the case of the 16Mbit DRAM, the 
distance between the adjacent 
capacitors, in which information is 
stored in the form of electric charges, 
is much narrower than that of the 4Mbit 
DRAM because of its higher integra- 
tion. Therefore, it was difficult to avoid 
the electric leakage. 

Although the trench structure was 
developed for the 4Mbit DRAM, the 
16Mbit DRAM also has a polysilicon 
layer on the side walls of the trench, 
through which the doping of impurities 
is carried out. With the polysilicon 
layer, impurities can be diffused thinly 
and evenly, possibly eliminating the leak 
current. 

In addition to random access 
capabilities, the newly developed 
chip has a high-speed serial - 
access mode that makes possible 
quick writing and reading of serial 
information. 

With conventional random- 
access operation, a microproces- 
sor freely assigns an address to 
every bit of information stored in 
the chip, and each address must 
be designated again when the in- 
formation is read. A designated 
address must be cleared each time 
before another bit is read. This 
process is too slow for reading 
serial information such as TV pic- 
ture signals and sound signals. 

The serial -access mode of the 
new device divides the memory 
area into two sections and auto- 
matically stores serial information 
(of up to 2,048 bits) by every four 

bits on each section alternately. Only the 
first bit of information requires an ad- 
dress. Consequently, the mode takes on- 
ly lOns to write and read serial infor- 
mation. At present, the most advanced 
commercially available memory chips, 
specialized for handling serial informa- 
tion and applied to VCRs, take a 
minimum of 30ns to perform the same 
task. 

Because of the large memory capaci- 
ty and its quick write/read capabilities 
for serial information, the 16Mbit 
DRAM could be used for future high - 
definition TVs or other high-speed im- 
age/graphic processing systems. 
However, the new chip will take several 
more years for completion and 
application. CiStif 
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Test your electronics knowledge 

By Sam Wilson, CET 

1. Is the following statement correct? 
"When an electric current flows 
through a resistor, the amount of heat 
generated is in accordance with 
Watt's law." 
A. Correct 
B . Incorrect 

2. Which of the following is an ad- 
vantage of a Kelvin bridge over a 

Wheatstone bridge? 
A. A Kelvin bridge can be used over 
a wider range of temperatures. 
B . The lead resistance of the compo- 
nent being measured is balanced out 
with the Kelvin bridge. 

3. What is the advantage of an elec- 
trostatic voltmeter over a digital volt- 
meter being used with a high -voltage 
probe? 

4. Name two components that can be 
used to make a parametric amplifier. 

5. The voltage across the resistor in 
Figure A is 
A. maximum at resonance. 
B . minimum at resonance. 

6. The voltage across the resistor in 
Figure B is 
A. maximum at resonance. 
B . minimum at resonance. 

7. The tall antenna that you see at an 
AM broadcast station is an example 
of a 
A. Hertz antenna. 
B . Marconi Antenna. 

8. On a certain TV receiver, some of 
the stations are received with poor 

color but the other stations have good 
color. Investigate 
A. the color killer. 
B . the antenna system 
C . the offending TV stations. 

9. Mobile telephone service started 
in 
A. 1940. 
B . 1960. 
C . 1976. 
D. 1982. 

10. In the phase -locked loop system 
in Figure C, the frequency at the 
VCO output is 
A. 6,250kHz. 
B. 1,250kHz. 

Wilson is the electronics theory consultant for ES&T. 
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Answers are on page 59 
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Servicing VCR servo systems 
By Stephen J. Miller 

when was the last time a VCR servo 
problem drove you up the wall? Does 
it seem like just yesterday? No 
surprise-servo problems can be dif- 
ficult to troubleshoot for a variety of 
reasons. Often the motor involved will 
either refuse to run at all or will run ex- 
tremely fast. These conditions often will 
cause the unit to auto-stop before 
measurements can be made. Also, 
because servo circuits are loop circuits 
with the outputs feeding back or con- 
trolling the inputs, all servo voltages and 
waveforms often will be incorrect in 
defective equipment. 

In short, when they are broken, 
servos can be dogs to troubleshoot. For- 
tunately, a method is available to speed 
up your troubleshooting. With a device 
that I have built, and that is described 

Miller is a senior bench technician for a Lancaster, PA, 
repair company. 

in this article, dubbed the servo 
diagnostic device, you can break the 
vicious loops, manually control the cir- 
cuit, and quickly find the defective com- 
ponents. The use of the device for ser- 
vo servicing has two main advantages. 
First, inserting the device allows the 
technician to split the circuit in half for 
a quick determination of the problem's 
location. If the problem is in the motor 
section, replacement is usually indicated 
because these motors often are only 
available as a complete assembly. The 
second advantage is that, by manually 
controlling the motor with the 
diagnostic device, you can monitor 
various servo signals under actual 
operating conditions. 

How servos work 
Before getting into the device, let's 

review how servo circuits operate. 
Videotape technology requires the 

motors to be precisely speed- and phase - 
controlled in order to reproduce good 
video and audio. Should the drum 
motor's speed or phase be incorrect, the 
audio will be OK but the picture will 
be out of sync. If the capstan speed is 
wrong, both an out -of -sync picture and 
garbled, off -pitch audio will result. 
Problems with the capstan phase usually 
won't hurt the audio, but either a snow 
bar will float through the picture (EP 
mode) or an alternating display of a 
clear picture and a snow field will result 
(SP mode). The snow bars or fields are 
caused by the video heads wandering in- 
to either the wrong azimuth track or a 
guard band. 

Figure l is a simplified block diagram 
of the capstan servo. Two separate types 
of motor control are used: speed con- 
trol and phase control. The speed - 
control circuit compares the speed of the 
capstan motor to a reference frequency 
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Figure 1. A simplified block diagram of the capstan servo. Two separate types of motor control are used: speed control and phase control. 
The speed -control circuit compares the speed of the capstan motor to a reference frequency and adjusts the motor speed until they are 
exactly alike. The phase -control circuit performs a similar task, but it is concerned with the motor phase. 
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and adjusts the motor speed until they 
are exactly alike. The phase -control cir- 
cuit performs a similar task, but it is 

concerned with the motor phase. Motor 
speed and phase are interdependent 
quantities, so it is useful to consider 
speed control as a coarse adjustment and 
phase control as a fine adjustment of the 
motor's rotation. 

A pick-up coil placed near the edge 
of the capstan flywheel gives a relative 
indication of motor speed. This coil, 
commonly referred to as the frequency 
generator or FG head, generates pulses 
as a series of magnets embedded in the 
flywheel are moved past it. The fre- 
quency of these pulses directly indicates 
the motor speed-the faster the motor 
turns, the higher the FG frequency will 
be. 

Referring back to the block diagram, 
this FG signal is amplified and then sent 
to a variable -frequency division block 
before being applied to the speed - 
comparison block. This variable - 
frequency division block is regulated by 
the system -control section of the VCR. 
The division rate is changed depending 
on what speed the unit is in (SP, LP or 
EP) or for special effects such as speed 
search. Dividing -down the FG signal 
allows the reference signal to the speed - 
control block to be kept constant while 
still allowing the VCR to speed -control 
a number of different tape -transfer rates. 

The speed -comparison block com- 
pares the divided -down FG signal with 
a reference signal. It then outputs a 
signal proportional to the error that ex- 
ists between the two inputs. This error 
signal is an ac waveform called a pulse - 
width modulated or PWM signal. In a 
PWM system, the magnitude of the er- 
ror signal is proportional to the width 
of the ac pulses. The frequency of the 
PWM signal never changes; only the 
width of the pulses is varied in response 
to errors. If both inputs to the com- 
parison block are identical, the PWM 
output is a 50%-50% duty -cycle 
waveform. Should an error exist, the 
comparison circuit will vary the duty cy- 
cle in response to that error. 

The integrator block, sometimes 
called a low-pass filter, integrates or 

PANAVISE PRODUCTS FOR 

TODAY'S TECHNOLOGIES 
For over 30 years, PanaVise has made work holding devices for a variety 

of industries. Our newest line is created specifically for the electronics 

professional! PanaVise experience and made -in -USA quality ensure years 

of reliable, long-lasting service. 

STANDARD PANAVISE: The orig- 

inal "tilt it, turn it, hold it anywhere 
you want it" vise with the patented 
split ball. A single control knob lets 

you position work in three planes- 
without removing it from the unit! 

Opens to 2'A" and comes standard 
with tough, yet gentle nylon jaws for 

improved grip. Steel, brass, Teflon® 

and grooved nylon accessory jaws 

sold separately. Model #301. Sug- 

gested retail $33.95. 

IDC BENCH ASSEMBLY PRESS: 
For low volume mass termination of 

IDC connectors on flat (ribbon) cable, 

choose this quick, economical Y4 ton 

manual IDC Assembly Press. Select 
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edge connectors, standard DIP plugs. 

D -Subs, etc. Ribbon cable and strip 
header (IDC) cutters also available. 
Perfect for short run production. 
R&D centers, MRO's and service tech- 

nicians. Model #505. Suggested retail 

$139.95. 
MULTI -PURPOSE WORK CEN- 
TER: Self -Centering Extra Wide 
Opening Head (opens to 9") is com- 
bined with our famous "split ball" 
Standard Base to create a versatile 
work station. Reversible (serrated or 

"V" -groove) neoprene jaw pads 
gently hold a variety of round 
or difficult to hold items with 
ease! Convenient Tray Base Mount 
(with parts wells) completes the 
package. Model #350. Suggested 
retail $52.95. 

CIRCUIT BOARD HOLDER: Eight - 

position rotation, tilt -angle and height 
adjustments plus six positive -lock 
positions in the vertical plane mean 
convenience and versatility! Spring - 
loaded arm holds circuit boards se- 
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and replacement. Perfect for compo- 
nent insertion and soldering: a must 
for maximum work efficiency. Model 
#333. Suggested retail $49.95. 
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averages the PWM signal into a dc 
voltage. This dc voltage represents the 
magnitude of the error signal. Figure 2 
shows three PWM waveforms: (a) the 
motor turning too slow, (b) the motor 
turning exactly on speed, and (c) the 
motor turning too fast. By finding the 
average of the pulse trains, we can see 
that the dc output voltage would be 25% 
of the peak voltage for the first case, 
50 % of the peak for the second case, 
and 75 % of the peak for the third case. 
In a properly operating VCR, this dc 
output voltage will be centered around 
50% of peak with momentary rises and 
falls to correct for errors. 

The next block matrixes together the 
dc speed -error voltage with a dc phase - 
error voltage. This combined error 
voltage is amplified and then sent to the 
motor as a control voltage to vary the 
motor speed and phase. 

The phase -control circuits 
In the playback mode, the phase - 

control circuit compares a pulse from 
the tracking monostable multivibrator 
(MMV) with the pulse coming from the 
control or CTL head. This CTL pulse 
is used in playback to phase -control the 
capstan so that the proper video head 
is centered on the correct track at all 
times. The tracking MMV is keyed by 
a pulse from the drum motor called a 
drum PG pulse. This keying signal syn- 
chronizes the two servos. Varying the 
front -panel tracking control advances or 
delays slightly the tracking MMV pulse 
to allow the viewer to adjust the servos 
slightly for a snow -free picture. After 
the phase -control PWM is integrated, it 
is applied to the matrix circuit previous- 
ly described. 

Because of the importance of a good 
CTL pulse for proper servo operation, 
cleaning the CTL head should be the 
first troubleshooting step for capstan 
phase -control or speed -selection 
problems. 

Phase -control PWM outputs are com- 
monly set to a default 50%-50% duty 
cycle. After the speed loop locks onto 
the proper speed, the phase loop is 
allowed to vary from the default setting. 
This arrangement keeps the phase loop 
from interfering with the speed loop's 
attempt to correct a speed error. 
Therefore, it is common to find 
50 %-50 % duty -cycle waveforms on the 
phase PWM output terminals whenever 
the speed loop is not locked, even in the 
stop mode. This arrangement is normal 
and does not indicate a problem. 

In the record mode, the phase -control 
PWM block receives both a divided - 
down sample of the FG signal and a 
30Hz reference signal from the master 
clock. Therefore, in record, the capstan 
servo phase -adjusts the capstan motor 
to a 30Hz reference signal. Also, ver- 
tical sync pulses are used to key a CTL 
pulse -generator circuit to record a CTL 
pulse train on the bottom edge of the 
tape during record. 

The drum servo 
The drum -servo block diagram is 

shown in Figure 3. Because the drum 
motor turns at a constant speed 
regardless of the tape speed, the drum 
servo is much simpler than the capstan 
servo. In the speed -control loop, an FG 
head is used to develop a signal that is 
proportional to motor speed. The FG 
signal is fed to a speed -control PWM 
and then to an integrator in the same 
manner in which the CTL pulse is fed 
to the capstan servo. 

The drum phase -control loop uses a 
drum -phase generator or PG head to 
produce a signal that indicates drum 
phase. PG pulses are generated by either 
a PG head and a pair of magnets 
mounted on the rotor or by Hall -effect 
elements in the motor. PG pulses are 
30Hz in frequency. 

Thus each pulse represents one 
revolution of the motor. These pulses 

are amplified and then sent to the PG 
monostable multivibrator (PG MMV) 
block. In the PG MMV block, the PG 
pulses are used to trigger a monostable 
multivibrator whose duty cycles are ad- 
justable. The output of the PG MMV is 
used both for drum -phase control and 
as a head -switching signal. 

The on- and off -time duty cycles of 
the PG MMV are adjusted so that head 
switching occurs at 6.5 horizontal lines 
before vertical sync. This adjustment en- 
sures that the critical vertical sync in- 
terval is free of switching noise, yet the 
switching point is low enough on the 
screen to be hidden in the overscan of 
the CRT. 

In the playback mode, the phase - 
control PWM receives the PG MMV 
signal and a 30Hz reference signal from 
the master clock. It outputs a PWM 
signal in accordance with the phase rela- 
tionship of these two inputs. In the 
record mode, the two inputs are the PG 
MMV and a specially shaped vertical 
sync pulse. In record, then, the drum - 
phase loop locks the drum -motor phase 
to the same phase as the vertical sync 
in the signal being recorded. 

Servicing older VCRs 
Older VCRs have similar servo cir- 

cuits except for the control blocks. In- 
stead of PWM outputs, the older servos 
used sample -and -hold circuits that pro- 
vided a dc output. Figure 4 provides an 
example of a sample -and -hold com- 
parator. One input to the comparator is 
either a ramp or a trapezoidal waveform. 
The other is a narrow sampling pulse. 
The dc output of this comparator is 
equal to the instantaneous dc voltage of 
the ramp waveform at the moment the 
sampling pulse occurs. In normal opera- 
tion, the sampling pulse arrives at the 
approximate mid -point of the ramp. 
Therefore, if the two inputs drift out of 
phase, the sampling point will walk 
either up or down the ramp, causing a 

Figure 2. The integrator block, sometimes called a low-pass filter, integrates or averages the PWM signal into a dc voltage. This dc voltage 
represents the magnitude of the error signal. This figure shows three PWM waveforms: (a) the motor turning too slow, (b) the motor turning 
exactly on speed, and (c) the motor turning too fast. 
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Figure 3. The drum -servo block diagram. Because the drum motor turns at a constant speed regardless of the tape speed, the drum servo 
is much simpler than the capstan servo. 
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No matter what specific electronic 
part or supplies you're looking for the 
one thing you're always looking for 
is value. And no one else delivers it 
like Philips ECG. From replacement 
semiconductors to multimeters to 
audio/video test cassettes, we've got 
the quality you're lookingfor the 
selection you're lookingor, the value 
you're looking for. So if you've been 
hunting for a name you can trust, 
you're on the right track now. Philips 
ECG: the smartest choice you can 
make in electronic parts and supplies. 

Intelligent Power 
Controller With Surge 

Suppression- 
No smarter buy. 

,,,, Philips ECG's unique - EMF-515MC 
Intelligent Power 
Controller has 
one Master 
outlet and 
four electroni- 

T cally controlled Auxiliary 
outlets. It senses when something 
plugged into the Master outlet is 
turned ON and responds by turning 
ON power to the Auxiliary outlets. 
Equipment that is plugged into the 
EMF-515MC is also protected from 
transient voltage spikes on the power 
line three ways: hot to neutral, hot 
to ground and neutral to ground. 

Circle (11) on Reply Card 

The DM -300 
Multimeter puts 
it all in the palm 
of your hand. 
Most multimeters' 
accuracy stops at 0.5%. 
Not the ECG DM -300! 
This little dynamo 
delivers 0.25% accuracy! 
The ECG DM -300 also 

has a transistor test, diode and conti- 
nuity tests and is overload protected. 
These features and 0.25% accuracy 
make the DM -300 almost unbeatable! 
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There is 
choice 

Cable 
converters 

bring in 
the signal loud 

and clear. 
Philips ECG's cable converters 
adapt to anyTV set and receive 
up to 139 VHF, UHF and cable 
stations. They are available with 
volume control, separate audio 
and video outputs for connection 
to stereo and VCR systems to bring 
it all to you loud and clear! No matter 
what type of TV, Philips ECG has 
the converter for you. 
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The One Source 
for all Your 
Semiconductor Needs. 
In the confusing world 

of electronic replace- 
ment parts, there's only one name 
you have to remember for all your 
semiconductor needs. Philips ECG. 
With nearly 4000 semiconductors 
that replace over 240,000 industry 
ttyyppes, Philips ECG is your one source. 
Philips ECG's high -quality semi- 
conductors meet most entertainment 
and industrial/commercial MRO 
replacement needs, enabling you to 
stock fewer parts. All of which saves 
you time, space and money! 
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no srnartel: 
EGG 

Philips ECG Chemical 
Products keep your Equipment 
up and running! 
Regular maintenance is the key to 
maximizing the operating efficiency 
of all electronic equipment. Philips 
ECG offers a wide assortment of 
High Technology Chemicals that will 
assure optimum equipment perfor- 
mance. The line includes heavy duty 
flux remover, all-purpose degreaser, 
high -purity circuit refrigerant, a gen- 
eral contact cleaner and a superior 
spray lubricant. All are available in 
convenient aerosol cans or in various 
sizes. And all are from Philips ECG, 
the industry leader! Circle (17) on Reply Card 

Philips ECG 
Time Delay Relays 
deliver accuracy, 
versatility and value. 
Philips ECG time delay relays are 
available in several time and ampere 
versions for optimum versatility. 
Series 40 and 42 are 10 ampere relays 
and have a range of 0.1 seconds to 
5 minutes. Series 44 and 46 are 12 
ampere relays with time ranges of 0.1 
seconds to 3 minutes. Repeat cycle 

Circle (15) on Reply Card 

timers, 
Series 48, are 

also available with 
timing ranges from 0.1 seconds to 
3.0 minutes. All have in ut transient 
protection to prohibit false triggering 
or damage to circuitry and are UL 
approved. And because Philips ECG 
relays replace more original relay 
types than any other brand, there's 
no smarter choice. 

Philips ECG's PR -60 & PR -200: 
The Answer to Your Scope 
Probe Needs. 
Whether you're an en eer techni- 
cian or a hobbyist, we've got the 
scope probes you're looking for. Not 
only in terms of features-and 
these models are 
loaded-but 
in terms of 
value. Each 
has switch - 
able ground 
reference plus 
X1 and X10 
attenuation for 
a range of applications. And each is 
compatible with most popular oscillo- 
scopes. For the smart choice in scope 
probes, look to Philips ECG! 
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item- 

You know your business. You know 
what you need in electronic parts 
and supplies. And now you know 
where to get them. Philips ECG. Con- 
sistent high quality you can believe 
in. An incredible inventory of equip- 
ment and supplies. Reliable value all 
up and down the line. Contact your 
local Philips ECG distributor or call 
1-800-225-8326. It just might be the 
smartest call you make all -day. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

01988, Philips ECG 
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Figure 4. Instead of PWM outputs, older servos used sample -and -hold circuits that provid- 
ed a dc output. In a sample -and -hold comparator, one input to the comparator is either a 
ramp or a trapezoidal waveform. The other is a narrow sampling pulse. If the two inputs drift 
out of phase, the sampling point will walk either up or down the ramp, causing a correspon- 
ding change in output voltage. 

POSITIVE 

R, 
2.2k4 R, 4 

(V,.) LEAD 
10k4 POT 

10k4, 10 -TURN R. 
4.7k4 

GROUND 

R, 
2.21E4 

S, Á 
R. 

1004, 
10 TURN 

LEAD 

10k4 POT - 

R. 
2M4 

CONTROL VOLTAGE 
OUTPUT LEAD 

Figure 5. The schematic diagram for the servo diagnostic device. R3 provides coarse speed 
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Figure 6. This capstan motor -drive IC for a GE VCR requires two power -supply inputs: +5V 
on pin 13 and +12V on pin 24. In addition, three other inputs are required for operation: 
a torque -direction signal on pin 11, a reference voltage on pin 15, and a speed -control signal 
on pin 16. 

corresponding change in output voltage. 
In servicing servo circuits in older 

VCRs, always perform the entire servo 
alignment before troubleshooting or 
replacing components. A large number 
of these units simply need their servo 
alignment touched up. Two examples 
are the Sony SL -5000 series and the 
RCA VKT series. I have repaired many 
of these machines by simply realigning 
the servo circuits. Another important 
point is to always perform the servo 
alignment after replacing parts in the 
servo circuits of these older machines. 
The newer PWM machines have few if 
any servo alignment adjustments. 

How the diagnostic device works 
So far, we have described the servo 

circuits up to the control voltages 
feeding the drive ICs. Individual parts 
for these motor assemblies often are not 
available, so we must treat them as black 
boxes. All you need to do is provide the 
motor with the proper inputs and 
monitor its performance. If it doesn't 
perform normally, it must be replaced. 
Figure 5 shows the schematic diagram 
for the servo diagnostic device. R3 pro- 
vides coarse speed adjustment while R4 
allows fine speed adjustment. R2 and 
R, provide adjustments of minimum 
and maximum voltage. These resistors, 
which are preset during construction of 
the device, center the adjustment range 
of the voltage divider to approximately 
half of Vcc, which is the operating 
point used by most VCRs. 

S, is a DPDT center -off switch that 
provides three operation modes: kick- 
start, run and stop. Sia is closed in the 
high position. S,h is closed in the low 
position. However, in the run position, 
neither section of S, is closed and 
therefore neither R2 nor R, is by- 
passed. The run position is the normal 
operating position of the diagnostic 
device with the high and low positions 
being used only to either kick-start or 
stop the motor. Directly proportional IC 
systems use high to kick-start, run for 
normal operation, and low to stop the 
motor. Inversely proportional IC 
systems use low to kick-start, run for 
normal operation, and high to stop the 
motor. 

R,, R5 and R8 provide current 
limiting during kick-start operation. The 
network comprised of R5, R, and C, 
forms a current -limiting filter. (Compo- 
nent specifications and part numbers are 
available in Table 1. Adjustment pro- 
cedures are available in Table 2.) The 
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only critical components are R3 and R4, 

which must be 10 -turn linear taper pots. 
The basic function of my device is to 

provide a stable, precisely variable 
reference voltage. Breaking the servo 
loop at the motor -control voltage point 
and inserting the device allows you to 

troubleshoot the servo circuit quickly 
and accurately. The first step generally 
is to kick-start the motor to get it 

rotating and then determine if it will run 
at the correct speed. Failure of the 
motor to perform properly points to the 
motor as the defective component. After 
the motor has been cleared, the device 
allows the VCR to be run with an ac- 
tual tape while real-time normal 
operating conditions exist. With S, in 

the center -off position, both switches 
are open and the device is in the run 
position. With Sta closed, the device's 
output voltage is forced into a higher - 
than -run state. This higher -than -run 
voltage will kick-start those servo cir- 
cuits whose motor speed is directly pro- 
portional to the control voltage; the 
voltage will stop those circuits whose 
motor speed is inversely proportional to 
the control voltage. With S closed, the 
output voltage is forced lower than nor- 
mal. Again, depending on the particular 
VCR, this will either kick-start or stop 
the motor. 

R4 is normally set to mid -range in- 
itially. R3 is adjusted until the output 
voltage corresponds to a motor speed of 
slightly faster than normal SP speed. 

Table 1 

Parts list 
Part Specifications 
R1, R3 2.2k4 (1/4W, 5%) 
R2, R7 10162 trimmer pot 
R3 10k52, 10 -turn pot 

(Clarostat 73JA series) 
R4 100Q, 10 -turn pot 

(Clarostat 73JA series) 
RS 4.7kQ (1/4W, 5%) 
R6 2M4 (1/4W, 5%) 
C, 0.1µF Mylar 
S, DPDT center -off 

Table 2 

Adjustment procedure 
Step 1: Place R3 and R4 to 

mechanical center. 
Step 2: Apply +5V from positive 

input to ground. 
Step 3: Connect a DVM between 

the output lead and ground. 
Step 4: Place S, in the low 

position and adjust R2 for 0.75V. 
Step 5: Place S, in the -high 

position and adjust R7 for 3V. 

For inversely proportional machines, 
this voltage would be lower than the nor- 
mal SP voltage of 2.5V. An input of ap- 
proximately 2.3V works well. After 
connecting the device and pressing play, 
I would place the switch in the low posi- 
tion momentarily to kick-start the motor 
before returning the switch to the run 
position. If the motor is OK, audio and 
video playback should be faster than 
normal. Coarse and fine controls (R3 

and R4) are then adjusted to slow the 
capstan down to the correct speed. 

Machines with directly proportional 
drive ICs would use an initial voltage 
setting that is higher than the normal SP 
voltage. These machines also will use 
the high switch position for kick 
starting. 

To understand how the device works 
with both proportional drive ICs and in- 
verse drive ICs, you need to understand 
how the motor -drive circuits of VCRs 
operate. Figure 6 shows a capstan 
motor -drive IC for a GE VCR. This 

Main article continued on page 28. 

BEST PRICES! 800_624_6241 
Freight and taxes extra. 
Immediate availability of your VISA or 

equipment. 

MULTIMETERS 
Beckman Industrial 

Model Price 
300 $101 

310 $122 
320 $150 
350 
360 
4410 
HD100 
HD110 
HD130 

$198 
$250 
$206 
$146 
$172 
$224 

SCOPES 
Hitachi 

Model 
V-222 
V-422 
V-425 
V -1100A 
V-660 
V-665 
V-1065 
V-509 

Price 
$570 
$734 
$859 
$2070 
$1076 
$1345 
$1706 
$1266 

BECKMAN 
Model HD140 

$241.00 

HITACHI V-1060 

$1436.00 

POWER 
SOURCES 

Power Designs 
Model Price 
2020B $808 
1570A $1515 
2K20A $1040 
4050D $765 
5015D $508 
6150D $765 
TW347D $812 
TW5005D $594 
TW6050D $1021 
TP343A $812 

Fluke 
Model Price 
23-YEL $125 
25-YEL $167 
37 $209 
73 $66 
75 $100 
77 $125 
8010A $251 

8020B $176 
8050A $335 
8060A $310 

Iwatsu 

Model 
DS -6411 

SS -5702 
SS -5705 
SS -6611 
SS -5711 
SS -6122 
SS -5712 

Price 
$2414 
$508 
$853 
$1863 
$1634 
$2065 
$2885 

POWER DESIGNS 
TP340A 

$725.00 

IWATSU DS -6121 

$3975.00 

FLUKE 
27-YEL -or- 27 -STD 

$208.00 

THERMOMETER 
Fluke (Handheld) 

Model Price 
52 $142 

LCR METERS 
Wayne Kerr 

Model 
4225 
4210 

Price 
$1806 
$2497 

COUNTERS 
Fluke 

Model Price 
1900A $459 
1910A $616 
1911A $756 
1912A $832 

Used Test Equipment, Too! Over 3,000 Models 
Available At Huge Discounts With Warranties! 

Use VISA or MasterCard 
Call Toll Free 800-624-6241 
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The complaint with this VCR (see Figure 8) was that 
it was shutting itself off. On the test bench, I observed 
that the capstan was not running during the play mode, 
yet the unit would fast -forward or rewind properly. In- 
serting the diagnostic device, I found that the capstan 
motor was capable of operating with the correct speed 
and torque. Checking the FG input signal on pin 5 of 
IC201, I found an abnormal ac waveform of much too 
high a frequency. Furthermore, this waveform existed 
even in the stop mode with the capstan flywheel sta- 
tionary. Tracing the circuit back, I found that IC203 
was oscillating. Momentarily flexing the board caused 
the oscillation to stop, and close inspection of the foil 
side disclosed a poor solder joint to pin 7 of plug 
P2D03. This pin is the low side of the FG head, and 
with this open connection, the circuit broke into oscilla- 
tion. Repairing this solder joint returned the VCR to 
normal operation. 
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Main article continued from page 25. 
motor -drive IC requires two power - 
supply inputs: +5V on pin 13 and +12V 
on pin 24. In addition, three other in- 
puts are required for operation: a 
torque -direction signal on pin 11, a 
reference voltage on pin 15, and a speed - 
control signal on pin 16. The torque - 
direction input is a tri -state digital in- 
put that tells the drive IC which direc- 
tion to spin the motor-OV signifies for- 
ward, 2.5V signifies stop and 5V 
signifies reverse. The reference input is 
a constant 2.5Vdc level to which the 
speed -control signal will be compared. 
The drive IC compares the speed - 
control and reference inputs, then ad- 
justs the motor speed in accordance with 
the degree of difference between them. 
The larger the difference, the faster the 
motor speed. The particular IC shown 
in Figure 6 decreases motor speed as the 
speed -control voltage increases; it in- 
creases motor speed as the speed - 
control voltage decreases. In other 
words, the higher the speed control 
voltage, the slower the motor. 

These drive ICs are very high -gain 
devices in that very small changes in the 
speed -control voltage correspond to 
large changes in motor speed. 
Therefore, to manually control the 
motor accurately, you must be able to 
adjust the speed -control voltage in very 
small increments. To accomplish this, 
the diagnostic device has to be a precise- 
ly adjustable voltage divider network. 

With the device, I can fine-tune the 
speed -control voltage with a degree of 
precision exceeding ±0.01 volts. At first 
glance, you might think that the device 
could be replaced with a simple variable 
bias box. However, no bias box is go- 
ing to supply vernier adjustment. 

The choice of components in the 
diagnostic device was dictated by several 
design criteria. The voltage divider net- 
work had to be fairly low -impedance to 

prevent the possibility that the drive IC 
might load down the device. The need 
for precision control mandated both the 
100:1 ratio between the coarse and fine 
adjust posts and the use of 10 -turn con- 
trols. In theory, C) could be eliminated 
from this dc circuit. However, I have in- 
cluded it for filtering purposes. In the 
real world, stray ac signals are floating 
everywhere. Because of the fairly long 

Continued on page 41. 

Using the kick-start function 
In case you were wondering, kick- 

starting is not dangerous or damaging to 
the VCR. In fact, all VCRs automatical- 
ly kick-start the motors each time they 
are started. Kick-starting is necessary to 
overcome the friction in a stopped motor. 
The kick-start procedure involves 
momentarily starting the motor at a faster 
than normal speed and then letting it 
coast down to the correct operating point. 
For instance, look at the GE VCR in 
Figure 6. If I apply exactly 2.3V to the 
speed -control input with the motor stop- 
ped, nothing would happen. However, if 
I apply 2.3V and momentarily spin the 
capstan flywheel with my finger, the 
motor will take off and run. Because this 
IC increases motor speed as speed - 
control voltage decreases, I can electrical- 
ly kick-start the motor by momentarily 
starting the motor with a lower than nor- 
mal voltage. With the diagnostic device, 
this is accomplished by placing the switch 
in the low position. The procedure is 

really just equivalent to starting the motor 
in fast -forward speed to get it going. 

To illustrate kick start, refer to Figure 
8. IC203 contains a summing speed - 
control voltage amplifier (the op -amp on 
pins 12, 13 and 14). Pin 12 is the capstan 
phase -control voltage input; pin 13 is the 
capstan speed -control voltage input. In 
the stop mode, Q2(14 is on and keeps pin 
12 low. This keeps the op -amp output low 
and the motor stopped. When the system - 
control circuit commands the capstan to 
turn, Q2(14 turns off and pin 12 floats to 
the default value of 2.5V. Because the 
motor is stopped, pin 13 of IC203 is low. 
With pin 12 at 2.5V and pin 13 at OV, the 
output pin 14 will be at Vcc or 9V. This 
output will cause the motor to begin turn- 
ing rapidly. IC201 then senses the motor 
speed and adjusts pin 13 of IC203 until 
the capstan speed is correct. Thus VCRs 
automatically provide their own kick- 
start. The diagnostic device simply 
mimics this feature. 

(P2002 MAIN C.B.A. 
SERVO SECTION) 

P2601 
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Figure 7. A general flowchart for troubleshooting with the device. Voltage -control logic varies from manufacturer to manufacturer. 
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Continued from page 28. 

hook-up wires used to connect the 
device to a VCR, it is possible to pick 
up some of these signals and carry them 
into the VCR, causing erratic control of 

motor speed. C, provides a low - 

impedance path to ground for these sig- 

nals. R6 is simply a damping resistor 
across C1. 

Using the device 
When using the device, you should 

connect the positive or Vcc terminal to 
the same power -supply line that supplies 
the control -voltage amplifier you are 
disconnecting. Also, the ground cable 
always attaches to circuit ground. 
Always totally disconnect the voltage - 
control amplifier from the motor or 
motor cable. Do not simply parallel the 
device into the circuit. Test results ob- 
tained from such a parallel arrangement 
will be meaningless because the servo 
loops will be fighting with the device 
for domination of the voltage control 
line. 

Figure 7 gives a general flowchart for 
troubleshooting with the device. 
Voltage -control logic varies from 
manufacturer to manufacturer. Mat- 
sushita (Panasonic) generally uses 
reverse logic-that is, the lower the con- 
trol voltage, the faster the motor; the 
higher the control voltage, the slower the 
motor. In reverse -logic machines, the 
high position of the switch would be the 
stop position and the low position would 
be kick-start. Other manufacturers, such 
as Sharp, Goldstar and MGA, often use 
a standard logic-the higher the voltage, 
the faster the motor. Therefore, the use 
of the switch positions on the device are 
reversed, with the high position being 
used to kick-start the motor in these 
machines. 

As with all digital circuits, digital ser- 
vo circuits must have a master -clock in- 
put signal in order to operate. A com- 
mon source of a master -clock signal is 
3.58MHz from the chroma section. 
Always verify the presence of master - 
clock, power -supply and reference 
voltages when troubleshooting servo 
circuits. 

Use a tape recorded in SP for servo 
troubleshooting with the device. Adjust 
the coarse control until the audio sounds 
normal, then adjust the fine control to 
stabilize the picture. With the device 
properly adjusted, the playback picture 
will remain clear for several seconds 
before going to snow as the heads drift 
into the guard bands. After several more 

Figure 8. This VCR arrived for service with two problems: the playback picture had a snow 
band moving through it and the audio exhibited wow and flutter. The capstan motor would 
not rotate in any mode. A new drive IC 2601 brought the unit back into operation. 
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Figure 9. In this VCR, which was eating tapes, the head motor was not running. A IC4A0 

fixed the VCR. 

seconds, the picture will again become 
clear. This is normal and indicates both 
that the motor is capable of running at 
the proper SP speed and that the 
diagnostic device is properly adjusted. 
EP tapes are tricky to adjust with the 
device because the EP operating point 
of the capstan motor is very close to the 
motor stall point. 

The diagnostic device has proved to 

be very useful, not only in servo circuits 
but also in varactor tuning systems. By 
attaching the device to the voltage tun- 
ing line, a technician can quickly deter- 
mine whether the tuner or control cir- 
cuitry is the problem. That's another 
story for another time, however. Using 
the diagnostic device has helped me 
troubleshoot servos faster, easier and 
with greater accuracy. S r 
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Locating ESD hazards 

In touring countless facilities in search 
of electrostatic discharge (ESD) hazards 
over the past 22 years, we consistently 
find the same errors being made and ex- 
plain again and again how simply they 
may be avoided, often at less cost than 
the methods in use. This article is a 
simplified summary of commonly 
observed errors and the 'fixes" for 
them. 

It is most often what the facility stops 
doing, rather than what it does, that can 
prevent ESD damage to microelectronic 
components and the assemblies contain- 
ing them. 

To understand the damage caused by 
electrostatic discharge (ESD), you must 
first understand that ESD is a spark. 
This simple term for a complex, rapid, 
damaging discharge of what was 
previously a static charge accounts for 
your wince when you touch a metal - 
plated doorknob after crossing a dry 
rug. That spark, if you felt it, was of at 
least 3,500V. Humans can't detect a 
spark of lower voltage, although elec- 
trostatic discharges happen virtually 
every time we shake hands or touch 
metal or carbon. Note, too, that the 
spark happened between conductive 
surfaces, in this case the salty sweat 
layer of your skin surface and the metal 
surface of the knob. Indeed, virtually all 
ESD of damaging type takes place be- 
tween conductive surfaces, and there are 
only three meaningful ones: metal, 
metallic carbon and human sweat. 
These three materials cause virtually 
every incidence of ESD damage. 

Before a discharge can take place, one 
of the conductive surfaces must become 
charged. This charge is almost always 
caused by induction-your shoe sole, 
having separated from a dry carpet, 
becomes charged by the separation and 
then induces its charge, somewhat 
lessened, upon the surface of the nearest 

Anderson is president of Anderson Effects. 

By Dan C. Anderson 

conductor (your skin in this case). Note 
that the rubber or plastic shoe sole could 
not have been discharged by the 
doorknob in a sparking manner but 
must induce its charge on a conductor 
that can throw a spark at a metal or 
carbon -faced surface or the skin of 
another person. 

Once the concept of the "doorknob 
syndrome" is grasped, the methods of 
stopping the spark (preventing ESD 
damage) become much more easily 
understood and enforced. A painted 
doorknob would resist a spark. 
Therefore, to prevent such a spark, you 
should put an insulating or static - 
dissipative layer over all spark - 
producing surfaces with which slightly 
charged components or a printed -circuit 
board containing charged components 
might come into contact. 

Eliminate the spark 
All work -station surfaces, tote -box 

surfaces, bag surfaces, or foam or 
cushioning surfaces that can touch 
static -sensitive electronic components 
should never be conductive enough to 
produce sparking discharges. Instead, 
they must be antistatic or static 
dissipative; that is, they must be in- 
capable of producing charges on separa- 
tion from other materials and, even 
more important, they must be incapable 
of producing a spark readily on contact 
with charged conductors. Antistatics 
bleed off the charge from such conduc- 
tors sparklessly, a bit more slowly and 
therefore safely from an ESD point of 
view. With exceptions too few to be 
significant, if you don't have a spark, 
you don't have damage. 

Therefore, the long -accepted method 
of using exposed conductive surfaces 
(which are spark -producing) to prevent 
ESD (a spark) is at last being recognized 
to be the wrong approach and to be a 
leading cause of ESD damage. 

Even when shielding is needed- 
whether for RF, EMI or the currently 
accepted but misleading term "static 
shielding"-metal or carbon layers are 
thought to be needed for sufficient con- 
ductivity to provide this shielding. But 

the conductive layer need not and indeed 
should not be exposed to cause sparks, 
shorts, shock to personnel or the very 
ESD damage it was intended to prevent. 
In every case, the conductive layer 
should be covered with or sandwiched 
between layers of antistatic or static - 
dissipative materials. This in no way in- 
terferes with its shielding properties, but 
instead prevents the spark -production on 
contact with items. 

Case in point: The modern home 
computer is required to have RF 
shielding such as metal -spray, wire 
mesh, heavy plating and the like. 
However, it is rare to find exposed metal 
on the outside face of any modern com- 
puter because it was learned that 
charged human fingers throw sparks at 
the old metal locks. Theses sparks often 
resulted in crashed programs or other- 
wise harmful glitches. Now they "paint 
the doorknobs," burying shielding layers 
under plastic or enamel. The identical 
principle applies to bags and boxes con- 
taining circuit boards. 

Eliminate charge -producing plastics 
Just as all spark -producing carbon or 

metal surfaces must be covered, so the 
plain, charge -producing plastics must be 
carefully, religiously and systematically 
removed from all possible contact 
with-or even near approach to-ESD- 
sensitive components and assemblies. 
Plain (non -antistatic) poly bags, tote 
boxes, cushioning bubbles and foams 
must be eliminated from the entire serv- 
icing facility; they should be replaced 
with good brands of antistatic poly 
(these are ordinarily colored pink). To 
allow plain plastics in an antistatic area 
is as ridiculous as going on a stringent 
diet but continuing to eat one's regular 
meals. The pink antistatic plastics exist 
to replace the standard, charge - 
producing ones. Even if you don't buy 
the pink plastics, get rid of the standard 
plastics. It is far more important to 
eliminate the chargers than it is to buy 
pink substitutes for them. 

One of the most ironic practices we 
encounter is that of keeping the instruc- 
tions on static spark prevention in com- 
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mon vinyl shop travelers, which carry 
enough static charge to peg static meters 
at quite some distance. The same is true 
of the acetate notebook -page covers used 
to keep pictures, schematics and the like 
clean. Both can be readily replaced with 
pink antistatic versions, or the papers 
can be used naked-paper, cotton and 
wood, at the speeds of movement 
reached in ordinary handling, constitute 
no realistic ESD hazard. 

Before you spend money on coating 
innocent cardboard boxes or corrugated 
cartons with carbon lacquer, which con- 
verts their surfaces into potentially 
harmful spark -producing "doorknobs," 
determine the ability of such a box to 
cause ESD damage when plain. If the 
plan was to use the 
carbon as a shield, 
it should have been 
buried between the 
non -sparking plies 
of the paper. Better 
yet, it should have 
had a foil or other 
truly RF -shielding layer buried between 
the plies. 

No plain poly bag full of nuts and 
bolts should approach a workbench, 
even though the bag's contents are not 
static sensitive. Murphy's law states 
clearly that the bag will approach a sen- 
sitive circuit somewhere. Replace all 
such bags with paper or with pink an- 
tistatic bags, whose premium price over 
plain poly is almost unnoticeable today. 
Good pink antistatic bags abound, 
although you are well advised to know 
the brand name and the reputation of 
each one. Indeed, because of the many 
poor imitations of Richmond's original 
RCAS 1200 "pink poly," which are 
responsible for many horror stories of 
lost properties and the like, the govern- 
ment now requires that all MIL -SPEC 
bags such as those meeting MIL - 
B -81705 to be marked with the manufac- 
turer's name for traceability. There are 
also some effective blue versions of an- 
tistatic poly for those who prefer it over 
pink (for whatever reason). However, 
pink is far and away the most widely ac- 
cepted and recognized color for an- 

tistatics, and pink stands out as unusual 
in industrial or military areas, for quick 
recognition. 

Other anti -static measures 
White styrene foams can easily be 

dipped into antistatic solutions with red 
food color added so that they come out 
pink, which not only indicates that they 
have been dipped but also that they con- 
form to the generally accepted "pink 
means antistatic" training. Thus even 
the worst -trained operator can see that 
he should not bring a non -pink or other- 
wise unidentified plastic to the station 
or near circuitry without having it 

checked with a static meter. Such foams 
can, if treated and colored pink, replace 

expensive carbon- 
ized types that can 
cause corrosion and 
sparks on contact. 
One way to show 
the absence of ESD 
damage potential 
from a treated sty- 

rene foam container is to use a device 
called a Zapflash, manufactured by 

Anderson Effects. 
This tool measures conductive or 

spark -producing surfaces. The pocket- 
size tool resembles a pocket flashlight 
or penlight with a probe at one end and 
a red lamp at the other. It contains a 

transistorized circuit and three 1.5V N - 
cells. If the device is held at the case - 
point (where your fingers would rest on 
a pencil) in one hand and the probe is 

grasped with the other hand, the red 
lamp lights, indicating that the sweat of 
your body surface has conducted the 
current from probe to casepoint. 
Resistances of about 5M(l or less will 
suffice to light the bulb. Therefore, the 
device functions as a one -handed con- 
tinuity checker, with your other hand 
being the other probe. To find if a sur- 
face is sparkingly conductive, you would 
check the tool against the other hand to 

see if it is functioning, then touch one 
hand to the surface in question and 
touch the same surface with the probe. 
If the light goes on, the surface is made 
of metal or carbon, or is as conductive 

It is far more important 
to eliminate the chargers 

than it is to buy pink 
substitutes for them. 
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as human sweat, all of which are too 
conductive to touch charged devices 
safely. 

A hand-held static meter is the other 
indispensable tool for making an in- 
telligent evaluation of materials and con- 
ditions encountered during a plant tour 
or ESD walkthrough. All such meters 
should be zeroed by pointing at one's 
other hand, since the two hands are 
electrically at the same potential due to 
the sweat layer connecting them-a han- 
dy reference. A conductive or antistatic 
bag or box picked up in one hand will, 
after a stroke against clothing or the 
like, show no charge to the meter in the 
other hand; common or non-conductive 
plastic surfaces will. The Zapflash can 
then be used to tell which of the non - 
chargeable materials is so highly con- 
ductive as to be an ESD hazard. 

Thus, to make a tour, one needs the 
static meter (to find the charge - 
producing "rugs" or non-conductors) 
and the Zapflash (to find the 
"doorknobs"-the spark -producing 
metal or carbon surfaces which need to 
be painted over or covered by antistatic 
layers). 

Modern table tops and work stations 
no longer have the once -recommended 
black carbon or stainless steel surfaces 
because both have been shown to be 
hazardous. They caused rapid sparking 
ESD discharges and even shock to peo- 
ple. Therefore, almost universally, such 
tops are now antistatic or static - 
dissipative, meaning they will not 

charge or spark. It therefore makes lit- 
tle sense to place on such a table either 
a black carbon -faced bag or, even worse, 
a bag with metallization on its outer sur- 
face. In either case, the doorknob so 
carefully buried is now back to cause 
sparks. 

Shielding bags or boxes whose con- 
ductive layers (if needed at all) are safely 
buried beneath antistatic layers are the 
only ones safe to use. Any bag whose 
exterior surface is conductive needs to 
be replaced at once, both as an ESD 
damage hazard and as a source of 
sloughed conductive particles, possible 
electrolytic corrosion, and severe if not 
fatal shock to personnel should it in- 
advertently touch high voltage sources. 
Indeed, the effect of a black bag or 
metallized -surface bag touching the 
leads of a power supply can be spec- 
tacular. The danger vanishes if buried - 
metal bags or antistatic pink ones are 
used. 

Making the tour 
So, with a few fundamentals 

mastered, we begin the plant tour 
generally where you receive packaged 
products such as replacement parts, 
noting that many of the devices and 
components are still being shipped from 
vendors or suppliers improperly 
packed, either with plain polyethylene 
wraps, white styrofoam cushioning, 
colorless bubble -type cushioning, or 
sometimes even packaged in black con- 
ductive poly bags or blue -metal ex - 

Table 1. 

Eliminating ESD hazards in the workplace 

1. Eliminate spark -producing conductive surfaces. 

2. Eliminate charge -producing plastics. 

3. Apply antistatic coatings where applicable. 

4. Use test equipment to check for the presence of static producers and 
spark producers. 

4. Always enforce the wearing of grounding wrist straps at the work 
bench 

5. Install signs that remind technicians of the ESD problem. 

6. Use static -free vacuum solder -removal tools. 

7. Make sure that aerosol chemicals, freeze sprays and the like are not 
causing static buildup. 

Static meters show how large opposite 
charges develop as tape is separated above 
them. The nearby radio, however, "hears" no 
sparks unless the separation is violently 
rapid. 

Even seemingly innocuous actions can 
develop a substantial static charge. Here, 
unrolling Scotch tape generates opposite 
charges on the roll and on the unrolled strip. 
Bringing the tape strip near an LED display 
causes a trickle of discharge through the 
LEDs, as shown by the lighting of some of 
the LED segments. 

Be cautious with poly bags, which may have 
exposed carbon or metal on the surface-a 
shock or ESD hazard. 
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tenors. All of these items should be 
repackaged carefully, or the original im- 
proper packaging should at least be 
moistened and removed before the item 
goes near a work station. 

You should advise the vendors or sup- 
pliers of such packages to use acceptable 
non -sparking pink or blue wraps and to 
use only shielding bags with safely 
buried metal layers when shielding is 
necessary. In the case of shop travelers, 
for example, it is certainly unnecessary 
to shield the paper contents; a pink an- 
tistatic envelope suffices superbly. 

On into the servicing areas. Check for 
mandatory wearing of wrist grounding 
straps by all seated technicians. Such 
straps are a capital investment because 
a well -made strap can last almost as 
long as the desk itself; therefore, select 
reliable brands and do not skimp on in- 
itial cost. Connect the strap to a ground 
point not on the surface of the table but 
under its front edge so that the table sur- 
face is unencumbered and the connec- 
tion to ground is assured. Never use the 
buried conductive layer of a table top to 
convey the static from the strap to 
ground. This method needlessly com- 
plicates and adds resistance to this path. 

Tabletops of wood or any other un - 
chargeable nonconductor often suffice. 
Special tops are unnecessary, but if they 
are used, the middle conductive layer 
may be grounded to the same point as 
the grounded wrist strap. All straps 
must contain a resistance of 250k(2 
minimum, although a nominal 1Mt2 is 
generally found today to prevent shock 
hazard by limiting current through the 
body if you or a metal bag you are 

holding contacts live circuitry. 
Signs (such as "CAUTION: STATIC 

DISCHARGE CAN DAMAGE COM- 
PONENTS. DO NOT HANDLE 
UNLESS YOU ARE WEARING A 
WRIST STRAP.") should be placed at 
every station to remind the worker to 
don the strap before touching any work, 
even if they don't think the unit is ESD- 
sensitive. This is the only way to form 
the habit for the day when the devices 
grow even more vulnerable, as is the 
trend today. Check wrist -to -ground con- 
nection frequently. 

Check plastic tote boxes with a static 
meter at rest, then after stroking once 
with a sleeve or other textile. Those that 
charge should be dipped in a long-term 
antistat and labeled with pink -dated 
paper stickers when they dry. Pink - 
dating allows you to check over a period 
of months to determine if a new dip is 
needed and is far less expensive and 
more immediate than replacing all tote 
boxes with permanently antistatic ones. 
Paint or lacquer black conductive boxes 
to prevent sparking, or use them only 
with pink -bagged components, never 
naked components or assemblies. Bot- 
toming or lining such boxes with pink 
foam also helps. 

The idea of surrounding the boards or 
components with antistatic bags or lid- 
ded boxes is to keep the casual, possibly 
charged fingers or other conductors 
from touching devices. Therefore, bags 
or boxes should only be opened at work 
stations by persons who are properly 
grounded through wrist straps, and the 
area should be clear of chargeable 
plastics. Yet we rarely tour a plant in 

which we cannot touch unprotected or 
unbagged boards, and this should not be 
possible, much less permitted. The sur- 
rounding pink or static -shielding bag 
will prevent all in-house ESD damage 
if the rules are consistently observed. 
Also, if grounding wrist straps are used, 
floor mats become unnecessary, as do 
special antistatic floor treatments, 
although the latter are a good "percen- 
tage play" and do not require special 
shoes or foot straps as conductive floors 
and mats do. Walking on conductive 
floors with rubber soles will charge the 
sole; walking on a properly antistatic - 
treated floor will not. 

At the servicing bench, never use 
common blue "solder suckers"; replace 
them with static -free types. Static meters 
show this hazard; simply trigger a blue 
model over a meter and observe the 
spike. 

In shipping areas, if applicable, use 
only pink antistatic styrene foam loose - 
fill, never the white chargeable ones. 
Foam -in -place packaging should always 
use a pink antistatic poly to replace the 
commonly encountered blue, high - 
density poly used in such processes. 
This poly can generate incredible static 
voltages. Pink antistatic foams should 
replace all white foams; the additional 
cost is minimal compared to the losses 
caused by ESD. 

Editor's note: Many of the suggestions 
in this article appear in Anderson's 
videotaped presentations on ESD 
damage prevention. These tapes are 
available free of charge on loan from 
that company. OM, 

The Only Universal Back Tension Gauge 
Tension cassettes work on less than half the VHS machines now in the field. 
The Tentel T2 -H7 -UM Tentelometere is so universal, it will work on all brands and models of VHS recorders and 

allows the accuracy to be easily verified in the field. Tension measurements are made out in the 

tape path near the heads where tension is important. Tape tension can 
cause a number of problems difficult to correct when you're only guessing. 
Stop guessing, do it right! 

Ask about Tentel's NEW T.E.S.T. Cassette for use with the Tentelometer.e 
This NEW T E.S.T. Cassette (Patent Pending) offers a fast, complete perfor- 
mance evaluation of holdback tension and the entire tension servo system; 
to determine if it is maintained in the 23 to 35 gram specification. 

T2 -H7 -UM - $325 T.E.S.T. Cassette/VHS - $29 

Call our toll free number or send for complete details on these and Tentel's other VCR test gauges. We make the 

difficult easy...to help you! 

TENTEL® Corp. 
1506 Dell Ave. (800) 538-6894 
Campbell, CA 95008 In Calif. - (408) 379-1881 
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Preventive maintenance: 
Cleaning supplies for 
computer maintenance 

By Gil O'Brien 

As every technician knows, periodical- 
ly cleaning personal computers and 
electronic systems is essential to uninter- 
rupted, trouble -free operation. Routine 
equipment maintenance by service pro- 
fessionals as well as by users signifi- 
cantly reduces the risk of downtime, 
data loss and breakdowns that result in 
costly repairs. 

The basic idea behind computer 
cleaning procedures is easily 
understood: cleaning removes oxides, 
dust, grease and other environmental 
contaminants that can reduce electrical 
conductivity and trap heat. Cleaning 
also imparts some protection against 
frictional wear, corrosion and static 
build-up. However, the variety of ad- 
vanced, specialized cleaning products 
now available are frequently overlooked 
in favor of less reliable and often out- 
moded techniques. 

This quick review of modern, high - 

O'Brien is a technical consultant for Chemtronics. 

technology cleaning products will pro- 
vide technicians with a shopping list of 
chemicals and materials designed to in- 
crease their productivity and effec- 
tiveness. Another section will briefly 
outline maintenance products that may 
be used by computer end -users for do- 
ing their share of preventive 
maintenance. 

Solvents and cleaning agents 
Several types of solvents and clean- 

ing agents are available in both aerosol 
and liquid form to remove performance - 
inhibiting contaminants from computers 
and peripheral equipment. The principal 
applications of solvents and cleaning 
agents are: 

removing oxides from tape heads and 
drive components. 

cleaning printer mechanisms. 
degreasing contacts and circuit boards. 
removing organic flux after soldering. 
Although personal preference and 

habit often determine which cleaning 

solvents technicians will use, other more 
objective factors such as safety, effec- 
tiveness and convenience will be con- 
sidered here. For the purpose of com- 
parison, electronic cleaning solvents can 
be divided into four major categories 
based on chemical composition: 
chlorofluorocarbons, chlorinated 
solvents, alcohols and blends. 

Chlorofluorocarbons, like TF solvent 
(trichlorotrifluoroethane), are the most 
chemically stable cleaning agents. They 
are non-flammable, non-toxic and non - 
reactive with most metals, plastics and 
rubber. Chlorofluorocarbons are also 
powerful degreasers and are typically 
offered in both liquid and aerosol sprays. 

Aerosols are preferred by many 
technicians because they deliver a con- 
tinually fresh supply of uncontaminated 
solvent with a pressure capable of 
dislodging and removing even encrusted 
grease and gunk without scrubbing. 
Aerosol solvents can be applied effec- 
tively using a lint -free cloth for catching 
overspray and wiping. It should be noted 
that carbon -dioxide propelled aerosol 
systems provide the greatest initial spray 
pressure. 

Chlorinated solvents, such as 
1,1,1-trichloroethane, are the strongest 
electronic cleaners used today. They are 
also non-flammable and are available as 
both liquids and high-pressure aerosols. 
Chlorinated solvents, however, are more 
toxic and slightly more unstable than 
chlorofluorocarbons. They also have a 
tendency to cause swelling in certain 
types of plastics. 

Alcohols such as isopropanol are 
commonly used for electronic field 
service. Although they are, good gen- 
eral-purpose solvents, alcohols have 
several notable disadvantages. Alcohols 
are flammable, they are not available as 
aerosols and they can react with some 
plastics. 

A number of excellent blends are also 
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widely available. Each blend possesses 
a specific measure of solvency, reactiv- 
ity and flammability. When using these 
products, refer to the package label for 
content and capabilities, as well as 
precautions against adverse reactions 
with materials to be cleaned. 

Applicators 
For many years, household cotton 

swabs have been routinely used to apply 
solvents and remove contaminants from 
electronic surfaces. Although inexpen- 

sive and readily available, everyday cot- 
ton swabs produce lint and are not cor- 
rectly sized or textured for many clean- 
ing jobs. 

A superior alternative is found in the 
large variety of specialized swabs and 
applicators made with tips of 
polyurethane foam, polyester cloth and 
other advanced synthetic materials. 
These state-of-the-art products are 
designed to be highly absorbent, 
thoroughly clean and completely free of 
particles and extractables. 

Available in a wide assortment of 
sizes and shapes, these new -generation 
foamtip swabs are thermally mounted 
(without contaminating adhesives) on 
handles with the correct length and flex- 
ibility for every type of precision clean- 
ing application. 

Presaturated pads and swabs 
Rapidly gaining in popularity with 

service technicians, disposable 
presaturated pads and swabs offer the 
ultimate in field maintenance conven- 

II A 

REPRINTS 
Interested in ordering article reprints 
out of this or another issue?* Reprints 
can be excellent learning tools for your 
technical staff and great marketing 
tools for your sales staff. Call or write 
Kelly Hawthorne at Intertec Publishing 
Corp., P.O. Box 12901, Overland Park, 
KS 66212; (913) 888-4664. 
* Minimum order 500 copies. 
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ience. These products contain a 
premeasured amount of liquid solvent 
in combination with an application 
device-either a cloth pad or a foamtip 
swab-sealed in individual foil packets. 
Users simply tear open a packet, clean 
the surface and then discard the used 
cleaning item. 

Premoistened pads and swabs possess 
several distinct advantages. They are 
easy to store and use; they are used only 
once, so surfaces are not exposed to 
contaminated liquids; and they eliminate 
the need to carry or dispense solvents 
in the field. 

For cleaning tape heads and transport 
mechanisms, presaturated, lint -free 
pads containing either solvent or 
isopropanol are available. Presaturated 
non -residual isopropanol swabs serve 
the same purpose and are especially 
useful for hard -to -reach areas. For 
cleaning edge connectors, contacts and 
equipment housings, solvent pads are 
highly recommended. 

Compressed gas dusters 
Made from a microscopically clean, 

moisture -free, inert fluorocarbon 
(dichlorodifluoromethane), compressed 
gas dusters deliver powerful jet action 
that instantly removes dust and particles 
from even the most inaccessible areas 
of computer equipment. They are 
especially useful for blowing paper dust 
out of printers, for removing abrasive 
contaminants from magnetic tape heads 
before cleaning, and for cleaning dusty 
PCBs, switches and computer 
keyboards. 

Compressed -gas dusters generally are 
invaluable for cleaning delicate com- 
ponents in applications where liquid 
solvents are inappropriate or inconven- 

ient. Any surface, no matter how sensi- 
tive, can be safely cleaned with a com- 
pressed gas duster without risk of 
abrasive damage or microscopic 
contamination. 

Packaged in convenient, slim -line 
cans, many of these dusters come with 
plastic tubes for pinpoint application 
and variable control trigger valves for 
easy one -hand operation. Larger sizes 
with reusable chrome valves, sup- 
plementary filters and flexible extension 
tubes are available for high -volume 
benchwork. 

Contact cleaner/lubricants 
Combining precision cleaning agents 

with fine -grade lubricants, these ad- 
vanced products are designed to clean, 
restore and protect fragile electronic 
contacts. Available as aerosol sprays as 
well as premoistened pads, contact 
cleaner/lubricants are especially useful 
for preserving micro -thin precious metal 
surfaces against frictional wear, fretting, 
oxidation and corrosion. 

Applied periodically to PCB connect- 
ing fingers and other delicate electronic 
connectors, contact cleaner/lubricants 
prolong the life and preserve the critical 
electrical continuity of metallic surfaces. 

When choosing a product of this type, 
look for these important properties: 
high -temperature lubricity, low volatil- 
ity, fretting protection, controlled 
"creep" onto neighboring surfaces, ox- 
idation stability (to prevent the forma- 
tion of gummy by-products) and com- 
patibility with adjacent materials. 

Computer cleaning supplies 
Although complex repairs and major 

servicing should be performed by pro- 
fessional technicians, the PC user 

should regularly perform many critical 
routine maintenance procedures such as 
magnetic tape head cleaning, static con- 
trol and CRT screen and keyboard 
cleaning. 

Periodic user maintenance of 
magnetic tape heads removes deposits 
of signal -inhibiting contaminants and 
prolongs head life. As previously 
discussed, magnetic tape head cleaning 
is best accomplished by first freeing the 
abrasive particulate with a blast of com- 
pressed gas, then scrubbing the head 
with a disposable, presaturated pad or 
swab. Both solvent and isopropanol are 
effective for this purpose. 

Periodic CRT screen cleaning by 
computer users is highly recommended 
to remove contaminants that inhibit or 
distort vision and result in eye strain and 
loss of operator efficiency. Highly effec- 
tive screen cleaning products are 
available in both aerosol sprays and 
premoistened pads. 

The most convenient and advanced 
products in this category consist of twin 
disposable cloth pads sealed in twin foil 
packets. The first packet contains a 
special anti -static screen -cleaning solu- 
tion; the second packet contains a lint - 
free dry pad to wipe the screen clear. 
Easily stored in an office desk, these 
screen cleaners safely remove finger- 
print oils and airborne contaminants 
while controlling static -generated dust 
build-up. 

Computer users and service techni- 
cians both need to do their part in the 
preventive maintenance program in 
order to keep computers operating and 
trouble free. Servicing technicians 
should let the computer user know what 
his role is in keeping the computer 
operational and trouble freellEFJP 
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Troubleshooting tips 

Figure 1. An open circuit between Circuitrace point 37 and ground was the clue to the discon- 
nected coil lead in this TV with no sound. 

Symptom: No sound 
Set ID: Sears 528.4188005 
Photofact: 1192-3 

This set had a good color picture but 
no sound. My first step, substituting 
new tubes for V36 and V37, did not help 
at all. I next checked the voltage sup- 
plies that power those two tubes (Cir- 
cuitrace points 2, 5 and 7). These 
voltages were all OK as were the other 
voltages for these two stages. I turned 
off the power and checked all the 
resistance readings (given in the 
Photofact chart) for V36 and V37. 
Nothing was abnormal. 

Remembering that an AGC problem 
can affect the sound, I checked 
everything in the circuitry of V33b and 
found nothing unusual. I then decided 
to try using signal substitution. I fed a 
400Hz signal into the grid of V37b, 
which produced a nice, clear sound 
from the speaker. Obviously, no signal 
was being fed to this stage. 

Turning off the power, I returned to 

the schematic diagram for another 
study. Because I had already carefully 
checked out stages V37a and V36, I con- 
cluded that the problem had to lie 
somewhere in the circuitry that feeds the 
control grid of V36. I began to make 
resistance checks, and it wasn't long 
before I located an open circuit between 
Circuitrace point 37 and ground. This 
portion of L361 (which didn't affect any 
of my earlier resistance checks) was 
open. 

Sure enough, after removing the 
metal shield, I discovered that one of the 
coil leads had become disconnected. 
The lead was just long enough to reach 
the solder lug, and I was able (with ex- 
treme care) to resolder it. This restored 
the sound circuit to normal operation. 
I have no idea what caused the lead to 
become disconnected, but I felt very 
satisfied at having diagnosed and fixed 
the problem. 

George Marechek 
Cheverly, MD esvf 
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What do you know 
about electronics? 

Thevenin's theorem 
By Sam Wilson, CET 

Editor's note: Last month's "What Do 
You Know About Electronics?" stated 
that 4 -terminal active networks would 
be covered in this issue. However, that 
subject will appear in a future issue. 

Let's continue the discussion of net- 
work theorems and laws without the use 
of mathematics. I've had a little trouble 
keeping the math completely out of the 
discussion, but I'm getting better as the 
series goes along. 

If you stay within the range of current 
values allowed, a regulated power sup- 
ply acts like a constant -voltage gener- 
ator. A constant -voltage generator is a 
necessary part of Thevenin's theorem. 
Hold that thought. 

In the circuit in Figure 1, all of the 
resistors are assumed to be linear and 
bilateral. A linear resistor follows 
Ohm's law. If you double the voltage 
across it, the current through it will also 
double. Current flows equally well. 
through a bilateral resistor regardless of 
which direction it is going in. By con- 
trast, a diode is unilateral; current flows 
only in one direction. Thevenin's 
theorem won't work in a circuit unless 
all resistors are linear and bilateral. 

All of the batteries in the circuit in 
Figure 1 have internal resistance, so they 
are not Thevenin generators. The inter- 
nal resistances are marked R; on the 
drawing. 

It is assumed that you know all of the 

Figure 1. If you stay within the range of current values allowed, a regulated power supply 
acts like a constant -voltage generator. All of the resistors here are assumed to be linear and 
bilateral. A linear resistor follows Ohm's law. If you double the voltage across it, the current 
through it will also double. 

resistance values including values of 
R;. Every resistor has a different value 
of resistance, and the batteries have dif- 
ferent voltage ratings. 

Here is your job. You are to make a 
graph of the values of Rx against the 
current through Rx. To make matters 
worse, you have been given 25 of these 
circuits, and a graph is required for each 
circuit. Each one has batteries and re- 
sistors that are different from every 
other one. 

Of course, this task could be done 
mathematically. However, it takes two 
men and a boy to calculate just one of 
the values of Ix. This isn't a problem- 
it's a career. 

Using Thevenin's theorem, however, 
we can reduce this problem to simple 
Ohm's law calculations. We can even get 
around those calculations because we're 
going to do this without math. 

Fasten your seatbelts! We're going to 
start with a statement of Thevenin's 
theorem. (Note: if you are subject to 
fainting spells, you should skip the 
material in italics.) 

In any 2 -terminal network composed 
of linear, bilateral circuit elements and 
one or more sources of voltage, the volt- 
age across the two terminals can be de- 
termined by assuming an equivalent 
constant -voltage source, Vry (called a 
Thevenin's generator), and a single lin- 
ear, bilateral series resistor, Rry 
(called the Thevenin resistance). 

Here's another way of saying it. If you 
remove the resistor (Rx), you will have 
a 2 -terminal network. The terminals 
will be A and B. Then, no matter how 
complicated the network, you can re- 
place it with a simple (Thevenin equiv- 
alent) circuit like the one in Figure 2. 

Wilson is the electronics theory consultant for ES&T. 
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Can we get from the circuit in Figure 
1 to the circuit in Figure 2 without 
math? It's easy when you are a subscrib- 
er to ES&T: 
Step 1: Remove Rx. Set it aside for the 

following steps. 
Step 2: Measure the voltage across ter- 

minals A and B with a high -impe- 
dance meter. 
Ideally, the voltmeter should have in- 

finite resistance, but a digital meter with 

Figure 2. If you remove the resistor (Rx) in 
Figure 1, you will have a 2 -terminal network. 
The terminals will be A and B. Then, no mat- 
ter how complicated the network, you can 
replace it with a simple (Thevenin equivalent) 
circuit like the one here. 

an input resistance of HMO (or more) 
will work very well. 

The voltage you just measured is 
VTH in Figure 2. Enter that value of 
VTH on that drawing. 
Step 3: Replace every battery with a 

resistor having a resistance equal to 
R; for that battery. Decade boxes 
work well here. 

Step 4: Measure the resistance between 
terminals A and B. 
That number is the value of RTH. 

Enter the measured value in Figure 2. 
Now take a regulated power supply, 

adjust its output to the value of RTH and 
connect it in series as shown in Figure 
3. Add Rx in series with a current 
meter as shown in Figure 3. Measure the 
current for each of 20 values of Rx and 
make your graph. Using the simple 
Thevenin circuit, you can get the same 
values of current that you would get if 
you adjusted Rx in the circuit in Figure 
1 and measured the current. 

You might ask, "Why not just use the 
original circuit? Make the measure- 
ments there and you don't have to build 
the Thevenin generator." The answer to 

Figure 3. To get from the circuit in Figure 1 

to the circuit in Figure 2, follow these steps: 
remove Rx; measure the voltage across ter- 
minals A and B with a high -impedance 
meter-this voltage is VTH; replace every 
battery with a resistor having a resistance 
equal to R; for that battery; measure the 
resistance between terminals A and B-that 
number is the value of RTH; adjust the out- 
put of a regulated power supply to the value 
of RTH and connect it in series; add Rx in 
series with a current meter and measure the 
current for each of 20 values of Rx. 
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that question is that the experiment is 
used to explain Thevenin's theorem. It 
is not supposed to be a practical 
application. 

You could use mathematics to calcu- 
late the open -circuit voltage (Vm). You 
also could use math to calculate RTH. 

That's the way it's usually done. 
If the circuit in Figure 1 is only on 

paper (maybe as part of a design prob- 
lem), you would have to build that cir- 
cuit before you could make the appro- 
priate measurements. 

If you have a flair for math, it is easy 
to calculate VTH and RTH. It would be 
a lot easier to construct the circuit in 
Figure 4 than it would be to put together 
the circuit in Figure 1. Take it one step 
further: If you know Vm and Rm, you 
could easily calculate the currents 
through Rx using Ohm's law. 

In next month's installment, we will 
extend the idea of Thevenin's theorem 
to include Norton's theorem. Then we 
will look at an application of Thevenin's 
theorem that does not have all linear, bi- 
lateral circuit elements. 

Who's law? 
I guess about two-thirds of my day is 

spent reading. Part of this reading is 
done to reaffirm the things I thought I 
knew. In fact, I have four categories for 
all the subjects I read: 
1. Things I know and know that I know. 
2. Things I know and didn't know that 
I know. 
3. Things I didn't know and didn't know 
that I didn't know. 
4. Things I didn't know and know that 
I didn't know. 

I have the most trouble with categor- 
ies 1 and 3, especially category 1. Just 
as soon as I begin to believe I've got the 
real picture, something comes along and 
blurs it. 

I'm not the only one. Recently I was 
reading a new book on electronics 
theory and I ran across this blunder: 
"Whenever current flows through a re- 
sistor, the amount of power dissipated 
in the form of heat is given by Watt's 
Law: P = I2R = V x I = V2/R." 

You and I know that's NOT Watt's 
Law! However, as an author I know 
those mistakes creep in, especially when 
you're meeting a deadline. The book is 
very well done. You make a bad mistake 
if you reject a book on the basis of a few 
errors. 

By the way, who's law is it? See "Test 
Your Electronics Knowledge" in this 
issue. Bur, 

Books /Photofact 

The Digital IC Handbook, 
by Michael S. Morley; 
TAB Professional and Reference 
Books; 624 pages; $49.50, hardbound. 
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access to specifications, prices and 
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by Martin Clifford; Prentice Hall; 
385 pages; $31. 

This handbook minimizes the 
research necessary for finding specific 
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by Richard Kaufman; TAB Books; 
180 pages; $9.70 paperback, 
$15.95 hardbound. 
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for bargain prices. The book provides 
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and how to solder. BASIC computer 
programs help readers design their own 
speakers and enclosures. 
TAB Professional and Reference Books, Blue 
Ridge Summit, PA 17294-0850; 717-794-2191. 

Handbook of Polyphase Electric 
Motors, by John E. Traister; 
Prentice Hall; 209 pages; $37. 

The comprehensive guide details how 
to select and install polyphase motors, 
how to perform routine preventive main- 
tenance and how to troubleshoot any 
problem. 
Prentice Hall, Route 9W, Englewood Cliffs, NJ 
07632; 201-767-5937. 
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One method of determining the radia- 
tion pattern inside the cooking cavity of 
a microwave oven is to place a cup of 
water in each corner and cook for two 
minutes, then check the temperature of 
each cup. This time-consuming method 
can be done much faster by making your 
own microwave energy radiation tester 
from a bottle and four neon lamps. This 
test fixture gives visual indication that 
the magnetron tube is functioning prop- 
erly, and it tests the stirring motor and 
blade. 

My first attempt to check for radia- 
tion in an oven was with a 10 -inch 
square piece of cardboard on top of a 
cup of water in the oven. A hole near 
each corner of the cardboard held a 
NE -51 type lamp. When the oven was 
energized, all four lamps lit brilliantly, 
then burned out or exploded. The ex- 
periment was a failure. 

My next attempt to check the oven's 
radiation was with a one -quart juice bot- 
tle filled with water. (Use a jar that is 
specified as safe for the microwave.) 
Four NE -2 lamps were glued with 
silicone seal to the outside. (See Figure 
1.) 

After experimenting with the length 
of the leads, I found that making a loop 
with them and twisting the wires 'A -inch 
from the body of the lamp worked best. 
The loop formed with the leads of the 
lamp acts as an antenna and produces 
an electric potential great enough to 
ionize the gas in the lamp. If the leads 
are too long, the wires from the lamps 
will burn off. At any moment, depend- 
ing on the position of the stirring blade, 
one or more lamps will be lit. (See 
Figure 2.) 

My first test fixture worked great for 
many months and immediately became 
a tool for each microwave oven repair. 

Servicing guidelines 
When you service microwave ovens, 

it is recommended that you monitor the 
high voltage. Do not use any meter 
unless it can check up to negative 
5,000Vdc. And do not use a TV repair- 
man's HV probe by connecting it 
backward. Use the proper tools. 

I have wondered a few times about the 
current going into the magnetron tube. 
I recommend not measuring it. This 
current is very dangerous and can 
destroy a meter instantly. With this fix- 
ture, there is no need to check the tube's 
current. Just monitor the high voltage, 
which also can indicate what the prob- 
lem is in many cases. The high voltage 

Build your own 

Microwave oven 
test bottle 

normally will be from -1,800Vdc to 
-3,600Vdc, depending on the load. This 
voltage is more lethal than the 30kV on 
a TV picture tube with the set ener- 
gized. The current that a TV set can 
deliver to the anode is only about 2mA; 
the microwave oven can deliver about 
500mA-sufficient to kill a person 
quickly. If this article does anything, 
let it provide caution to the servicer. In 
summary, always monitor the high vol- 
tage, if only to remind you to be careful. 

Always replace the line fuse because 
it tends to go bad with age. Don't de- 
pend on an old fuse-you may get a 
recheck. ABC 15 is the most common, 
then ABC 20. Some ovens use a 20A 
plug fuse or a cartridge fuse. 

A few tips 
Microwave ovens usually are easier to 

repair than TVs, but they also have their 
"hide and seek" antics. For example, 
when the high voltage is on the 
magnetron and the oven seems to be 
operating normally but is not cooking, 
usually either the magnetron tube is 
defective or the filament voltage is miss- 
ing. As Figure 3 shows, the transformer 
in this oven has two secondary wind- 
ings, one of which is used to provide 
filament voltage to the magnetron. If 
this portion of the transformer fails, no 
voltage is supplied to the filament of the 
magnetron. Even if you have high 
voltage and the oven appears to be 
operating normally, the magnetron will 
not operate. This symptom may be en- 
countered even in ovens that use a 
separate filament transformer because 
the high voltage normally will still be 
present even if the filament voltage is 
absent. 

When the filament voltage is missing 
and the high voltage is present, two tests 
are necessary. After unplugging the oven 
and discharging the capacitor, discon- 
nect the leads to the magnetron tube and 
check continuity, then check the fila - 

By Donald P. Hopkins 

ment secondary as shown in Figure 4. 
Sometimes, if you pull on the leads to 
the tube, a loose connection may tem- 
porarily seem all right, then surprise 
you with a recheck in a few days. Other 
times, replacing the connector crimped 
onto the wire of the filament winding 
of the transformer can restore the 2.5Vac 
for the tube's heater. 

Never solder a solderless connector 
to the terminal it is pushed onto. On 
several occasions, I have found a defec- 

MICROWAVE OVEN TEST BOTTLE 

WATER LEVEL 

1/4 -INCH LOOP 
FORMED WITH 

LEADS 

SECURED TO 
JAR WITH 
CLEAR SILICONE 
SEAL 

Figure 1. To check the oven's radiation, you 
can use a microwave -safe, one -quart juice 
bottle filled with water. Four NE -2 lamps glued 
with silicone seal to the outside show hot or 
weak spots. 

1 -QUART JAR 
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tive lead that connects the filament 
winding to the magnetron tube filament 
connector, and a new wire fixed the 
problem. Do not attempt to use red 
high -voltage wire intended for TV use. 
Only use 18 -gauge stranded wire with 
a 5kV insulation rating, and crimp on 
the connectors with a V or W crimp, not 
with pliers. 

Because of the high current drawn by 
the primary of the high -voltage 
transformer, you might find burnt con- 
nectors on door switches, and the wire 
may need to be replaced. A professional 
technician will replace the wire and con- 

nector, using judgment to do a good job. 
Magnetron heaters seldom open. The 
tube usually shorts out first. 

Check the fuse 
The microwave energy from the wave - 

guide section is distributed into the 
cooking cavity by the stirring blade on 
top of the cavity. The energy bounces 
between the walls of the tuned cavity, 
attenuated by the food. The food 
molecules become warm by absorbing 
the microwave energy. 

When radiation is introduced into an 
empty cavity, arcing may result between 

, I 2:04 

0 215 
3 

4 10 

13 2 
® . 

e 
Q 

Ir 

f 
Figure 2. A loop formed by twisting the leads 1/4 -inch from the body of the lamp acts as 
an antenna and produces an electric potential great enough to ionize the gas in the lamp. 
At any moment, depending on the position of the stirring blade, one or more lamps will be lit. 

AC POWER 
FROM 

CONTROL 
PANEL 

2.5Vac 
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MAGNETRON 
FILAMENT 

-2,000Vdc 

NV 
RECTIFIER 

Figure 3. The transformer in this oven has two secondary windings, one of which is used 
to provide filament voltage to the magnetron. The magnetron tube requires -2,000Vdc on 
the cathode and 2.5Vac on the heater. 

the door gasket or in a corner. The 
resulting burn carbonizes quickly, and 
further arcing will load down the high 
voltage enough to open the line fuse. 
Ovens with a large load, like a turkey 
or roast, normally draw close to 15A 

from the 120V line, causing the fuse in 
the oven to become warm. After a year 
or two, the fuse may open. Always 
replace the fuse with the proper 15A or 
20A ceramic line fuse, as specified by 
the wiring diagram supplied inside the 
shroud. Glass fuses may break and 
make a mess when they pop. 

The lamps 
As the microwave energy penetrates 

the neon lamp, the neon gas molecules 
are excited and become ionized. The 
silicone adhesive holding the lamp in 
place helps to absorb the energy slight- 
ly and helps dissipate the heat from the 
lamp. If no water is in the jar, a hot spot 
results and a tic mark may be burnt in- 
to the glass. 

The NE -2 lamps may need to be 
replaced after 10 to 30 minutes of opera- 
tion. Few lamps last more than an hour 
because of the high intensity and strain. 
Replacement is easy and should be done 
after the bottle is used several times. 

The lamps will blink and flicker as 
the microwave energy is directed into 
the cavity. The cold and hot corners can 
be identified quickly, but turn the tester 
90° to be sure a lamp is not weak. You 
can bend the stirring blade slightly to 
direct the energy evenly, but sometimes 
this procedure can be time consuming. 

The container of water acts as a load 
and may need a trip to the faucet before 
it starts to boil. Don't allow the water 
to become too hot or the glass may 
crack. This is a tester, and it shouldn't 
be used for more than three minutes at 
a time. 

It's a good idea to check the variable 
power cooking functions to see if they 
are working. When 25% power is in 
use, for example, the neon lamps will 
be energized for several seconds fol- 
lowed by a rest period, then energized 
again. Always check the variable power 
functions as part of the thorough 
checkout each oven should get after 
repairs are completed. 

What to check 
Always use the multiplier probe when 

measuring the high voltage. Forget 
about measuring the current through the 
magnetron-it's too dangerous, and the 
reading isn't that meaningful. The load 
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CHECK CONTINUITY 
TO SECONDARY 

TO TRANSFORMER 
AND CAPACITOR 

HIGH CURRENT DRAWN BY 
FILAMENTS MAY HEAT 
THIS CONNECTION 

IF TERMINALS 
APPEAR TO BE 
BURNT, REPLACE 
SWITCH AND 
CONNECTOR 

O 

MICROSWITCH 

O 

Figure 4. When the filament voltage is missing and the high voltage is present, two tests 
are necessary. After unplugging the oven and discharging the capacitor, disconnect the leads 
to the magnetron tube and check continuity, then check the filament secondary. 

placed inside the cooking cavity may 
vary, and different ovens have differing 
characteristics. 

If the neon lamps are lit dimly and 
radiation is not strong, try moving the 
lead on the HV transformer to the high 
side. This option boosts the output from 
the magnetron when the tube becomes 
weak with age. If there is no change, 
check the 1µf capacitor. These 
capacitors sometimes open internally 
and can only allow several hundred volts 
to the tube. 

Most customers with older ovens 
would prefer to replace the unit with a 

new, full -featured model rather than 
spend more than $150 for the installa- 
tion of a magnetron tube. I recommend 
shopping around for replacement 
magnetrons. For example, one parts 
house may sell the brand -name tube to 
the servicer or dealer for more than 
$100, while a discount store might sell 
the same tube for $45. If the price to the 
customer is too high, you may lose the 
sale and the diagnosis time. I have 
recouped from this situation by making 
the cost more reasonable to the 
customer. ase 

t ot 
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for a better method of 
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Professional Electronics magazine, 
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Patent #4, 459, 633 

Made and supported by the 
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"BLACK BAND" Static Watch 
which is the ultimate in static 
discharge wrist bands. It controls 
static electricity, prevents personal 
injury and damage to electronic 
components. 

Non -Metallic wrist bands wear 
out fast and result in high 
monthly costs. Use Nu -Concept's 
long lasting Stainless Steel wrist 
strap and save. 

Good News! 
Now you can buy our stainless 
steel design and use your own 
cords since our bands are 
available with out resistors and 
will connect with 1/8" snaps. 
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distributor or call direct. If your 
distributor does not handle the 
"STATIC WATCH" have him 
contact - Nu -Concept Systems. 

Evaluation units available at 
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Products 
Breakout box 

The Blue Box 100 RS -232 breakout 
box and cable tester from International 
Data Sciences features 100 LEDs, 50 
monitor points and 25 breakout switch- 
es. Other features include TD to RD 
cross -over switches; RTS, CTS, DCD 
and DTR switch control; piggy -back 
stacking jumpers; a cable tester; and a 
remote cable test adapter that tests con- 
tinuity. All signals can be interrupted to 
allow for cross patching. An 8 -position 
DIP switch provides control of often 
used signals. 

Circle (73) on Reply Card 

Pliers 
Tool Tron has introduced the 

CLAMP -n -LOC micro -plier, common- 
ly known as a hemostat or forceps. The 
plier is lighter and easier to use in hard - 
to -reach applications. 

Circle (74) on Reply Card 

Micro -ohmmeter 
The model 444 micro -ohmmeter from 

Simpson is designed for low -resistance 
measurement applications. Testing volt- 
age (100µV maximum) and current 
(5mA) are designed to ensure against 
punching through contamination or cor- 
rosion. The unit features a 20,000 - 
count, 41/2 -digit display, four resistance 
ranges (20mO to 200, with 40 resolu- 
tion), user -adjustable setpoints that ac- 
tivate audible and/or visual alarms, and 
two selectable measurement modes. 

Circle (75) on Reply Card 

Desoldering gun 
The SA -55 trigger -action desoldering 

gun from OK Industries combines a 
28W heating element with a piston - 

driven vacuum pump. The ac -powered 
gun takes 3.5 minutes to reach its reg- 
ulated temperature of 645° from a cold 
start. 

Circle (76) on Reply Card 

Hand-held multimeter 
The 80 Series 334 -digit, sealed, hand- 

held multimeters from John Fluke Mfg. 
feature simultaneous minimum/maxi- 
mum/average recording and frequency, 
duty cycle, and capacitance functions. 
The Fluke 87 and 85 have extended Vac 
to 20kHz and dc voltage accuracy to 
within 0.1%. The true-rms Fluke 87 also 
has a 4' -digit (20,000 count) mode and 

a Peak MIN MAX recording mode. The 
Fluke 83 has an ac voltage response to 
5kHz and dc voltage accuracy within 
0.3 %. The meters feature MIN MAX 
Alert, which signals that a new mini- 
mum or maximum value has been re- 
corded, and Input Alert, which warns 
the user if the leads are connected to the 
wrong jack. 

Circle (77) on Reply Card 

Dual -trace oscilloscope 
The model 1541A oscilloscope from 

B&K-Precision features lmV sensitivi- 
ty and V -mode operation, which allows 
two signals to be displayed in sync. The 
scope has 5mV full -bandwidth sensitivi- 
ty and offers a flat response over the en- 
tire 40MHz bandwidth. Other features 
are 20 calibrated sweeps, 8.8ns rise 
time, x -y operation, z-axis input, and 
sum and difference capability. 

Circle (78) on Reply Card 

DMMs 
Goldstar Precision Co. , Ltd. , has in- 

troduced the 7000 Series digital multi - 
meters. The hand-held DM 7143 and 
bench -mounted DM 7241 manual -rang- 
ing models feature a 41/2 -digit LCD dis- 
play, over -load protection, basic accu- 
racy of 0.05 %, diode and continuity 
checks with audible alarm, and a meas- 
ured value -hold function. The DM 7333 
manual -ranging DMM has a 3 1/2 -digit 

LCD display and transistor, capacitor 
and frequency -check terminals. The 
DM 7435 is autoranging with a transis- 
tor -check function. 

Circle (79) on Reply Card 

Work -holding system 
The PanaVise Workholding System, 

available from Jensen Tools, features 
five interchangeable components, in- 
cluding three jaws. A 5/8 -inch shaft fits 
into either of two screw -down PanaPosi- 
tioner (base) components or a vacuum 
base. Also available is a fourth base fea- 
turing a low profile and a permanently 
mounted 5/8 -inch shaft with a 3/8 -inch 
-24 threaded end. 

Circle (80) on Reply Card 

Hand cable strippers 
The JCS series of hand cable strip- 

pers from Rush Wire Strippers have an 
adjustable -depth swivel blade that cuts 
insulation on large cables, both longi- 
tudinally and circumferentially. The 
tools can be used on cables measuring 
from 5/32 -inch to 2 -inch OD over in- 
sulation. Solid, stranded and multicore 
cable can be stripped to any strip length, 
and windows of insulation can be re- 
moved along the length of the cable. 

Circle (81) on Reply Card 

Surface -mount preheating system 
The PACE HS -150 HotSpot digital 

surface -mount preheating system uses a 
conductive heating design to direct heat 
only where it is needed. Features in- 
clude a closed -loop temperature control- 
ler, a set/read function and a digital tem- 
perature display. An external probe al- 
lows the operator to perform tempera- 
ture profiling and monitoring of the 
work surface during the heating process. 

An audible and visual alarm is activated 
when the probe reaches a set 
temperature. 

Circle (82) on Reply Card 
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Office machine lubricant 
Acculube H from Lubricating Systems 

is a non-toxic, biodegradable office - 
machine lubricant made from a pure or- 
ganic base. The product cleans, lubri- 
cates, prevents rust, minimizes friction 
and protects surfaces. It can be used on 
metal, wood or plastic finishes. The lub- 
ricant does not attract dust and dirt and 
will remove lacquering from petroleum - 
base lubricants. 

Circle (83) on Reply Card 

Static ground wrist strap 
Desco Industries has introduced a 

static ground wrist strap with a Speidel 
band. Each link is laminated with a 2 
mil thickness of PVF plastic film that 
should provide 10 to 20 times longer life 
than ordinary static wrist bands. 

Circle (84) on Reply Card 

Solder extractor 
The A. P. E. model EX -501 solder ex- 

tractor has a self-contained diaphragm 

pump that provides PSI air pressure and 
delivers 18 to 24 inches Hg. It is safe 
for use with static -sensitive components. 

The extractor includes the model 
EX -1000 desoldering handpiece and a 
separate soldering iron, which feature 
temperature -controlled 24V heating 
elements. 

Circle (85) on Reply Card 

Word recognizer/trigger probe 
The P6408 word recognizer/trigger 

probe from Tektronix decodes digital 
words up to 16 bits wide and is compati- 
ble with most standard logic families. 
Its SMG Grabber Tips allow the probe 
to reach circuitry with lead spacings 
down to 50 mils. The probe operates 
asynchronously or synchronously and 
has HI (>_+2V) and LOW (<_0.07V) 
input levels for work with TTL and 
TTL-compatible logic. 

Circle (86) on Reply Card 

Tuner adaptor 
Thomson Consumer Electronics has 

introduced the GE model 1CVA900 tun- 
er adaptor, which allows any camcord- 
er to record off the air. The unit has 
155 -channel capacity including 99 cable 
channels and offers digital keyboard/ 
scan tuning, frequency synthesis tuning, 
A -V output jacks and unswitched ac out- 
let. The accessory also supplies an aux- 
iliary signal for pix-in-pix VCRs. 

Circle (87) on Reply Card 

Learn 
how to repair 
VCRs... 

Read 

each month 
in GIECTRODIO 

"YOU NAME THE REPAIR APPLICATION - 
WE HAVE THE SOLUTION TO YOUR PROBLEM" 

MODEL PRS -475 PORTABLE REWORK SYSTEM 

The Ideal Repair System For Multi -layer PCB Assemblies 
To ensure High Reliability, Repair, Quality and Consistency, 
Our PRS -475 station has the following new features: 

0 Zero voltage switching and localized grounding for 
CMOS safety. 

B Low voltage heating elements and accessories for 
operator's safely. 

0 Microprocessor controlled temperature regulation. 
B Self contained "instance rise" pump produces the 

highest vacuum force of 24 - 26" Hg. 

Call Your Local A.P.E. Representative Nationwide To 

Arrange For An In -House Product Demonstration. 

DEPEND 
ON A.P.E. 

Automated Production Equipment Corporation 
142 Peconic Avenue, Medford, N.Y. 11763, U.S.A. 

516-654-1197 TWX: 510-228-2120 
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Feedback 
The sixth color -code band 

The following letter is Sam Wilson's 
answer to a query from Russell Offhaus 
about the second question in the June 
1988 "Test Your Electronics Knowl- 
edge." The question was, `A certain re- 
sistor has six color -code bands: orange, 
orange, orange, red, red, orange. When 
it is connected across an exact 5V sup- 
ply, what is the maximum current that 
can flow if the resistor is in tolerance?" 
The answer given was 0.001532/A based 
on a resistance value of 3.33142 ± 
2%. Mr. Offhaus had never seen a sixth 
color band, and he also questioned the 
resistance value Mr. Wilson calculated. 

Dear Mr. Offhaus, 
I just received a letter from ES&T 

magazine regarding the 6 -color code for 
resistors. I have sent a copy of the page 
from the catalog that gives the full 
6 -color code (see Figure 1), which 
stands for the TC designator. 

By the way, this is a recent addition 
to the color code, so any reference be- 
fore 1987 would be of no use. Also, it 
is primarily for precision resistors. Any 
company making standard resistors 
would probably not have it. 
Sam Wilson 

Dear Sam, 
Thank you for your information on 

the sixth band color code. I have no 
need to purchase any precision -type re- 
sistors at this time, but if I did I would 
contact the Allen-Bradley company. 

Editor's note: The photo credit for the 
September 1988 cover was inadvertent- 
ly left off in the "On the cover" section 
in the table of contents. The photo was 
provided by HMC, a distributor of elec- 
tronics products. 

However, when I did, to ask them about 
the six color codes, they were unaware, 
as was Ohmite. Not that it is any big 
deal, but I believe the resistor value 
should be 333k(1, not 3.33k0. Using the 
multiplier (red), I come up with 333 x 
102, or 333,000. 
Russell R. Offhaus 
Chincoteague, VA 

Editor's note: I'm not sure how this got 
so confused, but according to my cal- 
culations, neither Sam nor Mr. Offhaus 
is correct. Three orange bands give the 
number 333. A red multiplier color band 
gives a multiplier of 102, or 100, for a 
resistance of 33,300. The correct answer 
to this question, then, is 33. 31d2, not 
3.33kO or 3331M. For more information 
about the sixth color -code band, see 
"What Do You Know About Electron- 
ics?" in the October 1987 issue. 

Temperature 1st, 2nd, 3rd 
Color 

black 

significant figure 

0 

Multiplier Tolerance coefficient 

brown 1 10 +1% 
red 2 102 +24ío ±50ppm/°C 
orange 3 103 

yellow 4 104 +25ppm/°C 
green 5 105 +0.5% 
blue 6 106 

violet 7 10' 
gray 8 108 

white 9 109 

silver 10-1 
gold 10-2 +5% 

Handling pulse amplitudes 
In the August 1988 issue's "Test Your 

Electronics Knowledge:' question num- 
ber one states a word of caution that is 
wrong. The article said, "Caution: your 
scope must be able to handle pulse 
amplitudes as high as 120V to 150V." 

For a brief explanation: The pulse 
amplitudes from the collector of the 
horizontal output transistor (or stage) 
can range in the 800V to 1,500V area. 
This is "plus" (added to) it's dc (B+) 
potential above its ground (whether it's 
delta or chassis grounded). 

An erroneous word of caution like 
this could cause someone to either hurt 
themselves from not expecting that 
amount of voltage to be there and/or 
"smoke" some low-grade scopes. 
Paul W. Molbert, ET 
Jackson, LA 

Editor's note: Yes, there was an error 
in the information given in Question 1 

of "Test Your Electronics Knowledge" 
in the August 1988 issue. The question 
should have read: 
At the collector of the horizontal out- 

put stage, you should measure the reg- 
ulated dc voltage that is specified on the 
schematic. You should also see pulses 
that repeat every 63.5µs. How wide are 
the pulses? (Caution: Your scope must 
be able to handle pulse amplitudes as 
high as 1,200V to 1,500V)" 

Do you have a comment, a gripe or 
some other valuable information that 
you would like to share with the ed- 
itors and/or readers of ES&T? Please 
address your comments to: Feedback, 
Electronic Servicing & Technology, 
P.O. Box 12901, Overland Park, KS 
66212. EST, 
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Answers 
to the quiz 

Questions are on page 17 

1. B-Incorrect. The power dissipat- 
ed by a resistor is measured in watts, 
but it was Joule who first evaluated 
the conversion of current (through a 

resistance) into heat. 

2. B. The Kelvin bridge is especial- 
ly useful for measuring low values of 
resistance where the lead resistance 
can be an important part of the re- 
sistance being measured. 

3. Electrostatic voltmeters have a 
much higher input resistance. They 
are used as laboratory instruments. 
Figure D shows the principle of op- 
eration. They are made with two ca- 
pacitor plates, one of which is mov- 
able. The capacitor is charged by the 
voltage being measured. The mov- 
able plate is attracted to the opposite 
plate and moves toward it against a 
spring force. A scale on the movable 
plate shows the voltage. 

4. Capacitors and inductors. Para- 
metric amplifiers are made with re- 
active components. Their operation 
depends upon the storage of energy. 
At the peak point of storage, outside 
energy is added. 

5. A-The voltage is maximum at 
resonance. At resonance, the impe- 
dance of the series -tuned circuit is 
very low, so the current is limited on- 
ly by the resistance. The high cur- 
rent through the resistor produces a 
high voltage drop. 

6. A-The voltage is maximum at 
resonance. The impedance of the 
parallel -tuned resistor is maximum 
at resonance, and the voltage across 
it is maximum. The resistor lowers 
the circuit Q. That in turn makes the 
circuit tune over a wider range of fre- 
quencies. The resistor is sometimes 
called a swamping resistor. 

7. B-Marconi antenna. The broad- 
cast antenna is a quarter -wavelength 
type. A Hertz antenna is a half -wave- 
length type. 

SCALE . i ' 

RETURN 
SPRING 

MOVABLE 
PLATE 

FIGURE D 

FIXED 
PLATE 

8. B-the antenna system. This is the 
best possibility of the choices given. 

9. A-1940. Because of the high in- 
terest in cellular phones today, it 
would be easy to assume that mobile 
phones are a totally new concept, but 
the 1930s and 1940s produced some 
very sophisticated equipment. 

10. A-6,2501(Hz. The VCO fre- 
quency has to be five times the fre- 
quency at the input to the phase de- 
tector. That way. when it is divided 
by five it will be equal to the 
1,2501(Hz input, and their phases can 
be compared in that stage. asvf 

Free P A, 

Catalog 
.._ 

, 

Tool Kits &, 
Cases, Tools, 
Test Equipment, 
Telco, -' 
Clean Room, 
Static Control, . ,.,, 

MRO Products _ 

Techni-Tool's latest FREE CATALOG includes the big- 
gest and best selection of top-quality items to be found 
anywhere! The catalog presents more than 16,000 
items from over 800 fine manufacturers. You will find 
tools and accessories for electro -mechanical assembly 
and maintenance, electronics, telecommunications, 
field service, and computer maintenance, plus ESD pro- 
ducts, clean room supplies and tools for SMT applica- 
tions. And you get ONE -STOP SHOPPING and con- 
venient 24 -HOUR SERVICE. Call, FAX, Telex or write 
for your free copy. 

5 Apollo Road, P.O.Box 368 
Plymouth Meeting, PA 19462 USA 
(215) 825-4990 Sales 941-2400 
FAX 215-828-5623 

Presenting 
an affordable 

Light Box System. 

The method most 

manufacturers recommend 

Model TR100 CB 

Camera Light Box 

with (2) transparencies 

(2) 3200° Kelvin Lamps 

(meets mfr. spec.) 

1 -year conditional 

guarantee 

Transparencies mounted in 

acrylic with optical scratch - 

resistant surface 

11 -step gray scale 

transparency 

7 -Bar color transparency 

All orders are shipped 
within 72 hours, U.P.S. 

LLJL:. LLL' ILLL .L (313) 939-2740 e P.O. Box 77103 Sterling Hts., MI 48077 
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Audio Corner 

Servicing the 
compact disc player 
By Martin Clifford 

This is the first part in a series on serv- 
icing compact disc players. Part I will 
deal with narrowing down the possible 
causes of the trouble symptoms. 

Troubleshooting compact disc (CD) 
player systems can involve five possible 
sources of trouble: the compact disc; the 
compact disc player; the associated 
high-fidelity sound system; the external 
power supply consisting of a battery (or 
batteries) or the ac power line; and the 
user of the CD player. 

Compact disc player systems are user- 
friendly, and considering the state of the 
art and the electronic sophistication of 
both the compact disc and its player, the 
system is remarkably easy to use. It is, 
for example, simpler to set up and 
operate than an analog phono record and 
turntable, particularly because no com- 
pact disc player adjustments are 
required. 

Is it the disc or its player? 
It is easy enough to assume that all 

compact discs are perfect because they 
have no moving parts, but discs can be 
warped and may have faults, such as pin 
holes or scratches, that are invisible or 
practically so. 

Often enough a customer will bring 
a CD player into a service facility with 
the complaint that the player does not 
track properly. The audio, for example, 
will have constant dropouts. Although 
this problem could be caused by a bad 
laser -beam optic assembly or misalign- 
ment, the trouble can be as simple as 
a defective disc. 

Therefore, the obvious first step in 
servicing any compact disc player is to 
start by playing a disc known to be in 
good working order. Every user of a CD 
system and service technicians as well 
should set aside one disc for this pur- 
pose and regard it as a test disc. When 
an apparent problem with a CD crops 

Clifford, a freelance writer, has published more than 75 
books on electronics. 

up, this method can be used to deter- 
mine whether a disc or its player is at 
fault. 

As a final check, examine the prob- 
lem disc. Hold the disc up to the light 
and check for pinholes. Examine the 
surface. The light from the reflective 
surface should be uniform. Use a 
strong, steady light from an electric light 
bulb (but not a fluorescent) and tilt the 
disc slowly to check for scratches. 

Determining phase response 
A phase test can be made of the CD 

player using audio test tones of 2kHz 
and 20kHz. The two signals should have 
simultaneous zero -axis crossing in the 
same direction (Figure 1). This would 
indicate an ideal phase response. Such 
phase accuracy results in superior stereo 
imaging. 

Do this test by using a twin test -tone 
signal with 2kHz in the left channel and 
20kHz in the right. Their zero -crossings 
at the center should show almost perfect 
coincidence. 

Sources of interference 
In some instances, the complaint may 

not be about sound reproduction but 
about the effect the CD player has on 
other electronic in -home components- 
radio and television reception or com- 
puter operation. 

CD players generate and use radio - 
frequency energy, and if they are not in- 
stalled and used properly in strict 
accordance with the manufacturer's in- 
structions, they can cause radio - 
frequency interference (RFI). 

A CD player must be type -tested by 
the manufacturer and found to comply 
with the limits for a Class B computing 
device in accordance with the specifica- 
tions in Subpart J of Part 15 of FCC 
rules, which are designed to provide 
reasonable protection against such in- 
terference when the compact disc player 
is installed in any residence. 

There is no guarantee that in- 
terference will not occur in a particular 

Part I 

installation. However, if the compact 
disc player does cause interference to 
radio or television reception, or if it 
causes erratic operation of a computer, 
there are certain steps that may cure the 
problem. 

Removing the interference 
The first step to take is to make sure 

that the compact disc player is the 
source of the interference. Turn on the 
radio receiver, television set or com- 
puter and get the device to operate with 
the compact disc player turned off. Then 
turn the player on and '.ote whether in- 
terference occurs. Tne result can be 
horizontal wavy lines across the televi- 
sion set or computer screen, noise in a 
radio receiver, or incorrect results out 
of the computer. 

Television interference (TVI) can be 
caused in two ways: by feedback through 
the ac power lines and by broadcast in- 
terference, in which the compact disc 
player radiates a signal. 

To check on interference via the 
power line, turn on both the TV set and 
the CD player. As a first step, try revers- 
ing the TV's power -line plug (if the plug 
is not polarized). Sometimes this sim- 
ple expedient will produce a cure. If it 
doesn't, try connecting the TV to a dif- 
ferent outlet. If the set's power -line cord 
isn't long enough, use a 25 -foot or 

Figure 1. A phase test can be made of the 
CD player using audio test tones of 2kHz and 
20kHz. The two signals should have 
simultaneous zero -axis crossing in the same 
direction. (Courtesy Analog & Digital 
Systems.) 
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50 -foot extension cord. Keep trying dif- 
ferent outlets until you find one that 
eliminates the interference. If this 
method does not remove the TVI and 
you want to continue using the same 
outlet, you can do so by installing a line - 
noise filter. 

Power -line interference 
It is possible that changing TV outlets 

will not eliminate the interference but 
will only reduce it slightly. In that case, 
the interference not only stems from the 
power line but also by pickup from the 
TV antenna, its transmission line (the 
downlead) or both. 

The downlead of the TV antenna will 
be either 30012 transmission line or 7512 

coaxial cable. If it is coaxial cable, you 
can eliminate it immediately as a possi- 
ble interference signal pickup source 
because all such line is shielded with 
metallic braid that is automatically 
grounded when connected to the TV's 
antenna signal input terminals. 

If the downlead is 30012 transmission 

line, also known as 2 -wire lead or twin 
lead, the line could be unshielded. If so, 
replace it with shielded 30052 line. 

You can also substitute 7512 coaxial 
cable for the 30012 twin lead, but you 
would have to install an impedance 
matching transformer (balun) at the 
antenna (if that antenna is rated at 30012) 

and at the antenna input terminals on the 
TV. These terminals are usually rated 
at 30052. 

The TV antenna also could be pick- 
ing up the interfering signal. If the 
antenna is equipped with a rotator, try 
turning the antenna to see if changing 
its orientation will eliminate the in- 
terference. If your antenna does not have 
a rotator, you can experiment with a 
rabbit -ear indoor type. Connect it in 
place of your regular lead-in and then 
rotate the antenna for a minimum in- 
terference pickup point. That is the ap- 
proximate direction in which your 
antenna should be turned. The position 
of the antenna may need to be a com- 
promise between the best TV signal 

pickup and minimum interference 
pickup. 

If a radio receiver is picking up an in- 
terfering signal, run a test with the CD 
player and the receiver both on. Try 
using a different outlet just as you would 
with a TV set. If the interference is on 
AM, adjust the loopstick on the back of 
the receiver for minimum RFI pickup. 
If the interference is on FM and the 
receiver uses unshielded twin lead, 
follow the same procedure as you would 
for a TV set. 

If RFI is interfering with your com- 
puter, connect the computer to a dif- 
ferent outlet, use a line -noise filter or 
locate the computer in a different room 
as far from the CD player as possible. 

For further information, you might consult the 
"How to Identify and Resolve Radio-TV In- 
terference Problems" booklet prepared by the 
Federal Communication Commission. The booklet 
is available from the U.S. Government Printing 
Office, Washington, DC 20403. Stock No. 
004-000-00354-4. 

FREE! 
New Catalog of 
Hard -To -Find 
Precision Tools 

Jensen's new catalog is jam-packed 
with more than 2,000 quality items. 
Your single source for hard -to -find 
precision tools used by electronic 
technicians, scientists, engineers, 
schools, instrument mechanics, 
laboratories and government agen- 
cies. This popular catalog also con- 
tains Jensen's world-famous line of 
more than 40 tool kits. Call or write 
for your free copy today! 

JENSEN®IPhoe X4 AZ85 
TOOLS INC. (602) 968-6231 

ATTENTION 

TECHNICIANS 

* JOB OPENINGS 

* MONTHLY TECHNICAL 

TRAINING PROGRAM 

* BUSINESS MANAGEMENT 

TRAINING 

* LOW COST INSURANCE 

* CERTIFICATION 

* TECHNICAL SEMINARS 

All of this in a nonprofit 
international association 
for technicians 

FIND OUT MORE: 

ETA 
°110 

604 N. Jackson St. 
Greencastle, IN 46135 
317/653-8262 

Now You Can Learn Electronics 
From VHS Video Tape!!! 

UCANDO Now Has Four Video 
Tapes Designed For The 

Electronic Enthusiast. 

ELECTRONICS AND YOU-PART ONE DC 
PRICE $32.95 

You will learn about Serles circuits, Parallel cir- 
cuits, the combination of Serles -Parallel circuits, 
Ohms Law, Voltage, Current and Resistance as 

well as how to use the Digital multimeter. 
ELECTRONICS AND YOU-PART TWO AC 

PRICE $32.95 
You will learn about AC theory, Coils 
ltansformers, Capacitors, Filter circuits and 
how they are used in actual circuits. 

VCR MAINTENANCE AND REPAIR 
PRICE $32.95 

This tape was designed for the average VCR 
user. No special tools or schooling are required 
for this tape. You will learn how to clean the en- 
tire tape path In the VCR as well as how to 
replace some of the belts In the VCR. 

INTRODUCTION TO VCR REPAIR 
PRICE $59.95 

You will learn how the VCR Processes the 
Luminance, Chromance and Audio signals in 
the VCR, in both the playback and record modes, 
you will also learn about the Servo systems us- 
ed to control the Capstan motor and the Video 
Drum Cylinder. This tape also covers many more 
aspects of the VCR. 

ORDER YOUR TAPES NOW! 
VISA and MASTER CARD are accepted. 
CALL: (513) 548-6113 or mail check or money 
order top: 

11019UCANDI 

P.O. Box 386 
Greenville, 
Ohio 45331 
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Computer Corner 

Interfacing computers to the 
analog world Part V 
By Joseph J. Carr, CET 

The first few parts in this series have 
described analog -to-digital (A/D) and 
digital -to -analog (D/A) converters. Last 
month we looked at techniques for per- 
forming an A/D conversion. This month 
we'll look at some practical data 
converters. 

The last four installments of this ser- 
ies discussed popular ADC (analog -to- 
digital converter) circuits and the basic 
approaches to data converter design. 
The next several installments will take 
a look at several low-cost data con- 
verters that are frequently found in prac- 
tical circuits and equipment. In select- 
ing the examples from the many that are 
on the market, I examined whether these 
are available from either the mail-order 
advertisers in hobby magazines or from 

Carr, an electronics engineer, has published several books 
on electronics and is a frequent contributor to ES&T. 

one or more of the replacement semi- 
conductor lines that are typically sold 
by local electronic parts distributors. 
That selection limits the examples to 
those that ES&T readers are likely to en- 
counter, should they wish a little hands- 
on "lab" self -instruction. 

Digital -to -analog converters 
A digital -to -analog converter (DAC) 

is a circuit or device that converts a 
binary word from a computer or other 
digital instrument to a proportional 
analog current or voltage. A number of 
different manufacturers offer low-cost, 
8 -bit IC DACs that contain almost all of 
the electronics needed for the process. 
The only electronics that might not be 
included are the reference source (which 
some DACs do contain) and some 
operational amplifiers for either level 
shifting or current -to -voltage 
conversion. 
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V,=10.00Vdc 

BINARY WORD 

(10+1,)FOLLSCALE = 21N-'ß x VJ = 255 x 

2N R, 256 

V,e 
R,../ 

Figure 1. The internal circuitry of the DAC-08 is the R -2R ladder. 
However, it has two complementary outputs: I. and not -I,. Two types 
of input signal are required to make this DAC work: analog reference 
and digital word. One is the reference current, l,, , applied through 
pin number 14. The other is the 8 -bit digital word, which is applied 
to the IC at pins 5 through 12. 

Two general forms of DAC are seen 
on the market: multiplying and non - 
multiplying. The multiplying DAC uses 
an external dc reference source and pro- 
duces an output that is proportional to 
the product of the reference voltage (or 
current) and the binary input word. The 
DAC-08 is an example of a multiplying 
DAC. A non -multiplying DAC uses an 
internal reference source. 

The DAC-08 
For this article, I have selected the 

DAC-08 device. This 8 -bit DAC is now 
something of an industry standard and 
is available from several sources in- 
cluding Precision Monolithics, its 
originator. The DAC-08 is a later - 
generation version of the old Motorola 
MC -1408 device. For non -PMI sources, 
this DAC is sometimes referred to as the 
LMDAC-0800. 

Figure 1 shows the basic circuit con - 

5I 6I 7I 1 9 10I R, l R, 
5.00k52 5.00k4 

CONDITION 
Full scale 
Half scale 

Zero 

BINARY CODE 
11111111 

10000000 
00000000 

Vo 
-9.9bVdc 
-5.00Vdc 
0.00Vdc 

Figure 2. This circuit shows the connection of the DAC-08 (less 
power supply and reference input) required to provide the simplest 
form of unipolar operation over the range of approximately OV to 
10V. The circuit works by using resistors R2 and R, as current -to - 
voltage converters. When currents I. and not -I, pass through these 
resistors, you get a voltage drop of IR or 5.00k4 x I, (mA). 
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figuration for the DAC-08. In subse- 
quent circuits, I will delete the power - 
supply terminals for the sake of 
simplicity because they will always be 
the same as shown in Figure 1. The in- 
ternal circuitry of the DAC-08 is the 
R -2R ladder. (See Computer Corner in 

the July issue for more on R -2R lad- 
ders.) However, it has two outputs: Io 

and not -Io. These outputs are com- 
plementary: If the full-scale output cur- 
rent is 2.0mA, then to + not -Io = 2mA 
(that is, 10=1.25mA, not-Io=0.75mA). 

Two types of input signal are required 
to make this DAC work: analog 
reference and digital word. One is the 
reference current, Iref, applied through 
pin number 14. This current may be 
generated by a precision reference 
voltage source such as the REF -01 (or 
other) and a precision low -temperature - 
coefficient resistor to convert Vref to 
Iref. For TTL compatibility at the binary 
inputs, make Vref 10.00V and Rref 
5,000.052 (precision). 

A digital -to -analog converter 
(DAC) is a circuit or device 
that converts a binary word 
from a computer or other 

digital instrument to a 
proportional analog current 

or voltage. 

The other type of input is the 8 -bit 
digital word, which is applied to the IC 
at pins 5 through 12, as shown. The 
logic levels that operate these inputs can 
be preset by the voltage applied to pin 
number 1 (for TTL operation, pin 
number 1 is grounded). In the TTL- 
compatible configuration shown, LOW 
is OV to 0.8V; HIGH is +2.4V to +5V. 

Unipolar operation 
Figure 2 shows the connection of the 

DAC-08 (less power supply and 

reference input) required to provide the 
simplest form of unipolar operation over 
the range of approximately OV to 10V. 

When the input word is 00000000, the 
DAC output is OV, ±dc offset error. A 

half -scale voltage (-5V) is given when 
the input word is 10000000. This situa- 
tion occurs when the MSB (most signifi- 
cant digit) is HIGH and all other digital 
inputs are LOW. The full-scale output 
will exist only when the input word is 

11111111 (all HIGH). The output under 
full-scale conditions will be -9.6V 
rather than 10V as might be expected. 
(Note: 9.96V is 1-LSB less than 10V.) 

The circuit in Figure 2 works by using 
resistors R2 and R3 as current -to -voltage 
converters. When currents Io and not -Io 

pass through these resistors, you get a 

voltage drop of IR or 5.00142 x k (mA). 
A problem with this circuit is that it 

has a high source impedance (51(9, with 
the values shown for RZ/R3). We can 
solve that problem with the circuits 
discussed next month. E5W 

Coming Up in 

ELECTRODiG 
Servicing &Technology 

November 
Power Conditioning Equipment Update: Today's consumer electronic products are susceptible to damage from 
power line spikes, surges, sags and dropouts. ES&T describes some of these problems, and shows you the kinds of 
equipment available to solve them. 

Wire and Cable: ES&T offers a look at the different kinds of wiring products and their characteristics. 

December 
Replacement Parts: Finding the correct replacement for a failed part is one of the biggest problems facing elec- 
tronic servicing technicians. ES&T provides you with information on where to find replacement parts, and where to 
get information on selecting and obtaining replacement parts. 

Changes in Consumer Electronics Servicing: Consumer electronics servicing has changed over the years. ES&T 
describes the increase in sophistication of the technician and the equipment needed to cope with these changes. 

January 
Personal Computer Servicing --Special Report: The number of personal computers found in homes and offices is 

constantly increasing. ES&T addresses the specific problems that plague personal computers, and explores ways to 
correct the problems when they occur. You'll also learn about the role depot repair, breakout boxes and logic 
probes play in servicing personal computers. 

Technology Update--DAT: Digital audio tape is a technology that promises to deliver the audio quality of compact 
disc, but adds the ability to record at home with near perfect sound quality. This ES&T article will describe for you 
the current status of this technology, and explore how it differs from existing tape recorders. 

Plus ES&T's Regular Monthly Departments 
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Video Corner 

Elements of video optics 
Part 111 

By Carl Bentz 

This material was adapted from 
"Elements of TV Optics," published in 
Broadcast Engineering, August 1986. 
Information for this article was provided 
by Angenieux, Canon, Fujinon, 
Schneider and Tamron. 

Apertures and f/stops 
One method of reducing lens distor- 

tion is through the aperture control of 
an iris. The circular iris blocks rays 
passing through areas near the lens 
edge. Removing the errant rays reduces 
the effective diameter and aperture of 
the lens. The image is not as bright 
because there is less light being gathered 
into it. 

Optical systems are rated by relative 

Bentz is the TV technical editor for Broadcast Engineer- 
ing magazine. 

REAR 
APERTURE 

BASIC OBJECTIVE 
ELEMENTS 

aperture. Commonly known as the 
f/stop number, the rating is derived from 
the focal length (FL) and effective 
diameter (d) of the clear lens area, or 
f/=FL/d. An f/4 lens has a focal length 
that is four times the effective diameter. 
If the effective diameter is increased by 
a factor of two, the aperture becomes 
f/2.8; reducing the diameter by half pro- 
vides a relative aperture of f/5.6. 

The smaller the numeric value of the 
f/stop, the faster the lens is rated. Fast 
lenses with large effective diameters 
allow more light to pass. Consequent- 
ly, faster shutter speeds (or shorter ex- 
posure times) can be used in film 
cameras. Less light is needed to televise 
a picture. As the numeric value in- 
creases, exposure time increases. 

Another rating uses transmission or 
T/stops. In this method, the value relates 

IRIS 
MOVING ELEMENTS 
FOR ZOOM ACTION 

MOWN 

ZOOM DRIVE MOTOR 

the amount of light that passes through 
the lens and strikes the film surface. 
Cinematographers claim T/stops to be 
more accurate for the work than f/stops. 

Fields in focus 
The aperture of a focal -length lens 

controls the depth of field. With larger 
apertures, the camera can be sharply 
focused only on the chosen subject and 
on objects a few feet in front of and 
behind the subject. In other words, if the 
subject is in the foreground and is sharp- 
ly focused, everything in the 
background will be out of focus. If the 
subject is quite distant and is sharply 
focused, everything in front of the sub- 
ject will be out of focus. If the subject 
is in the middle distance and is sharply 
focused, everything in the foreground 
and background will be out of focus. 

FOCUSING ELEMENTS 

111 

Figure 1. The cross-sectional view of a Schneider 30X 1.5 -inch zoom lens system shows the relative placement of 31 individual pieces 
of glass, some cemented together for better light transmission characteristics. 
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This depth of field-the range of 
distances over which objects in the pic- 
ture are in focus-increases as the lens 
aperture decreases. 

If the aperture is reduced to a pinhole, 
the depth of field is effectively infinite. 
The light level is insufficient to be prac- 
tical, however. Early photography with 
the camera obscura used small apertures 
instead of lenses and required exposure 
times from minutes to hours. 

The focal length of the lens also af- 
fects the depth of field and the relative 
perspective of the viewed image. For 
longer focal lengths, depth of field 
decreases, and the perceived distance 
between objects-the key to visual 
perspective-seems to decrease. 

An immovable lens 
A simple magnifying glass is moved 

to provide the best image. With 
cameras, however, the lens is fixed and 
images must always be in focus at the 
specific point behind the lens. For 
photography, the image must focus on 
the film plane. In a TV camera, the im- 
age must fall on the pickup tube. 

The distance from the most extreme 
point of the back element of the lens to 
the faceplate of the green tube or CCD 
is called the back focus distance, and it 
varies from camera to camera. As a 
result, optical systems are designed for 
specific camera models. Some amount 
of adjustment usually is possible, 
although it is generally a minimal 
amount. The red and blue distances 
should be equal to the green, but 
sometimes those two tubes must be 
physically moved to achieve correct 
back focus. 

Another factor of the lens that should 
be matched to the camera is the clear 
aperture of the rear lens. If the aperture 
is too small, only a small portion of the 
faceplate is illuminated. If the rear aper- 
ture is too large, part of the image spills 
beyond the beam -swept area of the 
faceplate. 

Introducing zoom 
Prior to zoom optics, a set of fixed 

focal -length lenses were mounted on a 
turret at the front of the TV camera. 
When the director wanted a closer view, 
the operator turned the turret to posi- 
tion a longer lens. The concept 
presented problems for TV news 

cameras because turret assemblies with 
several lenses were heavy. For conven- 
ience, if nothing else, the zoom lens was 
developed. 

To achieve a variable focal length, at 
least three groups of elements are 
needed. (See Figure 1.) The front sta- 
tionary objective group can be adjusted 
over a limited distance with the focus 
ring. Next is a movable zoom group. 
Finally, a rear stationary prime or relay 
group determines final image size as 
light passes into the camera head. The 
rear group also fixes the back focal 
length. 

Simple lenses could be used to create 
a zoom optical system, but each group 
normally consists of more than one ele- 
ment. As a simple example, a convex 
lens is effectively split to form two 
plano -convex types at the front and rear 
of the system. A divergent corrective 
lens used with each reduces optical 
aberrations. 

The elements of the groups are 
cemented together for stability. 
Materials used for optical cements are 
critical because their refractive indices 
have an effect on the overall refraction. 

Between the front and rear groups, a 
zoom or magnifying group also contains 
corrective elements. When positioned 
correctly, the zoom group sees the im- 
age produced by the objective group and 
creates a new image from it. The rear 
relay group picks up the image from the 
zoom group and relays it to the beam 
splitter and pickup devices. 

The focal length of a zoom system 
may be further altered with a range ex- 
tender. A 2X range extender between 
the zoom and relay groups doubles the 
image size and the focal lengths at both 
ends of the zoom range. Unfortunately, 
the laws of physics require the aperture 
to be halved. 

In a well -designed zoom lens, a scene 
that is in focus at the closest (longest 
focal length) setting remains in focus as 
the lens is adjusted to its widest angle 
setting (shortest focal length). However, 
lens systems with a special macro por- 
tion of the zoom range for extremely 
close work often require adjustment of 
the focus. 

Next month, we'll continue this series 
with a discussion of how the full -color 
image is separated into red, green and 
blue images. E5e 

yPRI E ,- ELECTRONICS CO: 

For All Your Electronic 
Parts & Accessories 

WE'RE THE ONE .. . 

With over 10,000 Electronic 
Products 

With Everyday LOW Prices and 
Volume Discounts 

With 100% Guarantee On All 
Products 

With the PRB LINE of Replace- 
ment Belts and Tires 

For Your Free Copy of Our 
New Catalog Call Toll -Free 

1-800-558-9572 
In Wisconsin 1-800-242-9553 

or for 24 Hour Ordering Call 

FAX: 414-473-4727 

t 
"First in Quality And Service" 

ypRII E /CTRONICS CO: 
P. O. Box 28 

Whitewater, Wisconsin 53190 

Circle (55) on Reply Card 

Technicians, ISCET 
Get Serious 

About Your 

Profession 

Being a certified electronics techni- 
cian lets people know that you are 
a professional in your field. It tells 
them that you are serious about your 
work and can perform up to CET 
standards. 

Now you can order the "Study 
Guide for the Associate -Level CET 
Test" from the International Society 
of Certified Electronics Technicians. 
It includes material covering the 
most often missed questions on the 
Associate CET exam. 8W' x 11", 
paperback, 60 pages. 

For More Information Contact: 

ISCET, 2708 W. Berry, Fort Worth. TX 
76109; 1817) 921-9101 

Anit 
ADDRESS 

CITY 

TIP 

STATE 

copies 9 $5 la $1 postage.) 

send material about ISCET 
and becominq certified_ 
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SYMCURE/ 
Troubleshooting 
Tips guidelines 

ES&T is now paying $60 per page 
(six different cases of symptoms 
and their solutions) for accepted 
Symcure submissions. 

The term Symcure is a 
contraction of two words: 
symptom/cure. Problems that are 
published in the Symcure 
department are those that have 
occurred more than once. 

This is the kind of problem you 
can solve without even a second 
thought because you've already 
seen so many of that particular 
brand and model of set with those 
symptoms; in almost every case, it 
will be the same component that 
fails or the same solder joint that 
opens. 

It is preferred that you submit 
six or seven symptoms and cures 
for a single TV model. 

ES&T is also paying $25 per item 
for accepted Troubleshooting Tips. 

A Troubleshooting Tip describes 
a procedure used to diagnose, 
isolate and correct an actual 
instance of a specific problem in a 
specific piece of equipment. Its 
value, however, lies in the general 
methods described. 

A good Troubleshooting Tip has 
the following elements: 

It should be a relatively 
uncommon problem. 

The diagnosis and repair should 
not be obvious and should present 
something of a challenge to a 
competent technician. 

It should include a detailed, 
step-by-step description of why 
you suspected the cause of the 
problem and how you confirmed 
your suspicions -anything that 
caused you to follow a false trail 
also should be included. 

It should describe how the 
repair was performed and any 
precautions about the possibility 
of damage to the set or injury to 
the servicer. 

For Symcures and 
Troubleshooting Tips, please also 
include: 

the manufacturer's name; 
the model and chassis number; 
the Sams Photofact number; 

and 
a sketch of the schematic area 

where the fault was found. 
(Include a major component such 
as a transformer or transistor to 
provide a landmark for the ES&T 
staff.) 

Readers' Exchange 

Editor's Note: Readers' Exchange items are pub- 
lished in the order they are received. We are hap- 
py to offer this service at no charge to you, our 
readers, but we ask that: 

Items are typed (or legibly written). 
You include your name and address on the same 

page as your ad (envelopes and contents are often 
separated). Please also include your telephone 
number (specify if you don't want it published). 
Using your peel -off label is a good idea. 

You limit any ad to no more than three items. 
If space demands, ads will be edited to roughly 
four lines in the magazine. 

Mail to: Readers' Exchange, Electronic Servic- 
ing & Technology, P.O. Box 12901, Overland Park, 
KS 66212. 

Please remember that ES&T is in production 
six weeks to two months ahead of publication date. 

WANTED 

Schematic and/or service manual for Hitachi 
VT88A VCR. Can buy or copy. Gene 
McNaughton, 129 McDonald Blvd., Belleville, IL 
62221; 618-235-5769. 

Schematic or service manual for Panasonic 
RS -281S home stereo. Will buy or copy and return. 
Rick's TV, 218 S. 5th St., Menno, SD 57045; 
605-387-5379. 

Beltron model 8080A CRT rejuvenator. B. Batko, 
4392 Cherryhurst Drive, Stow, OH 44224. 

Record/play head (new or used) for a Craig 2405 
reel-to-reel. No longer available from Craig. Ad- 
vise as to price and shipping. A.J.'s Electronics, 
601-A Herbert St., Port Orange, FL 32019; 
904-767-0672. 

Schematic diagram page for a Pioneer SX-202 
AM/FM stereo receiver. Not willing to pay 
Pioneer $9.98 for service manual. John Lowry, 
2296 Peytonsville Road, Franklin, TN 37064. 

CRT for B.M.C. data display monitor, model BM- 
AU9191U. Ibbe has 370NWB22 marked on it. Am 
also interested in substitute information. Thomas 
Zwinger, TZ TV, 918 N. Concord, S. Saint Paul, 
MN 55075. 

Schematics for the following TVs: Sonyo ser. 
number 16708326 -TO -130 AA; Zenith chassis 
4B25C19; Sylvania ser. number CL 22488 T-1, 
chassis D 16155-0141071; RCA model GP 592L; 
Emerson model 26648, chassis 924A. Al's Elec- 
tronics, 3556 Larkin Road, Biggs, C4 95917. 

Schematic and information on a Tour Sound prod- 
uct, power system module 242S stereo sound 
master stereo 850C; schematic and service infor- 
mation on a VOX Churchill model V119 amplifier 
made by Thomas Organ Co., output 120W 2f1. 
Will pay for copies. Arthur R. Vickery, P.O. Box 
742, Torrington, CT 06790. 

Technical ship owner newsletter, issues #4, #6 and 
any other issue you may supply. We are interested 
in buying such information. L. Romero, 3A BB -7 
El Cortijo, Bayamon, PR 00620; 809-799-8032. 

Sony schematic diagram and/or service manual 

for TC -580. Copy OK. Will pay any reasonable 
fee. Jim Hamric, 501 Forrest Ave., E. Brewton, 
AL 36427. 

December 1984 issue of Electronic Servicing & 
Technology. James H. Jiranek, Ia.-89-1655, Far- 
mington, M 52626. 

Conar model 255 scope for parts; NRI equipment 
prior to 1960. William P. Jarvis, 1214 Fifth Ave., 
Beaver Falls, PA 15010-4444; 412-846-7735. 

Operating manual for Tektronix model 454 dual - 
trace scope. Will pay a reasonable price. Hector 
Zeno, Hector's TV Service, 3811 S. Manhattan 
Ave., Tampa, FL 33611; 813-831-4189. 

Schematic, service manual or Sams #53 for Zenith 
model 8G005YTZ1 transoceanic receiver. David 
Parkinson, 160 Ralston Ave., Mill Valley, C4 
94941. 

Good, used GE EP76X22 yoke or equivalent. Will 
throw the set away before paying $75 quoted by 
GE. Leo E. Smith, P.O. Box 945 Vet Home Sect. 
J., Yountville, CA 94599. 

Chip designations (obliterated on unit)/schemat- 
ic/any available service info for a Hybrid -8 by 
Video Interface Products. Art Zack, 20120 Eagles 
Nest Road, Miami, FL 33189. 

FOR SALE 

1'V test equipment, parts and Sams. Call or send 
SASE for list. Angleo Alessi, 29 Cross St., New 
Windsor, NY 12550; 914-562-9152. 

New RCA receiving tubes (boxed), 75 % off list. 
Send SASE for list. James Vandemark, Bar 3472, 
Santa Rosa, C4 95402; 707-545-4068 

RCA model W G 425 A dot bar generator, $100; 
B&K model 415 alignment generator, $200; old 
Rider manuals -make offer. C.S. Stringfellow, 120 
S. Fulton St., Mobile, AL 36606; 205-471-1702. 

Sony Beta II alignment tape and Sony SL5000 
VCR manuals, all for $35. Doug Heimstead, 1349 
Hillcrest Drive, Fridley, MN 55432; 612-571-1387. 

Sams CB manuals, CB 8 to CB 200, $2 each; B&K 
model 1075, $75; B&K model 1465 oscilloscope, 
$150; assorted AR and TR manuals, $2 each. John 
McLean, Glass Electronics, 2315 Fourth Ave. N. , 

Billings, MT 59101. 

Sencore VA62 analyzer with NTSC generator and 
VCR test adapter, includes all probes and manuals, 
$3,000 or best offer; CR70 CRT tester, $700. Both 
in excellent condition. Vincent DiGangi, Jr., 1949 
Montgomery St., Rahway, NJ 07065; 201-382-7505 
after 5:00 p.m. EDT. 

B&K model 470 CRT rejuvenator with 15 adap- 
tors, $275. B. Batko, 4392 Cherryhurst Drive, Stow, 
OH 44224. 

VA -48 TV and video analyzer with two adapters, 
$600; TF -46 portable Super Cricket transistor 
checker, $200; B&K model 467 picture -tube 
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restorer analyzer with CA -28 universal adapter, 
$250; Sencore model TF -40 transistor checker, 
$75. Angelo Alessi, 29 Cross St. , New Windsor, 
NY 12550; 914-562-9152. 

B&K model 177 VO meter, $90; B&K model 290 
VO meter, $120. Both like new. Alex R. Minelli, 
718 Michigan St., Hebbing, MN 55746; 
218-263-3598. 

RCA model WR -99A crystal -calibrated marker 
generator, $100; RCA model WR -514A 1'V Sweep 
Chanalyst, $100; Heath model IT -5230 CRT 
tester/rejuvenator, $70; RCA model WO33A scope, 
$30; Heath model SM2320 31/2 digit DMM, $45; 
Heath model 3100 breadboard trainer and courses 
for ac, dc, semiconductor, soldering, $100. Jeff 
Merrell, Box 46, Young America, IN 46998; 
219-699-7255. 

Degaussing coil, $15; Sencore SM152 sweep 
marker, $95; Sencore DS148A scope, $75; B&K 
1077B analyst, $175; Sylvania CK3000 test jig, 
$160; Telematic TA -3000 transverter, FVS-3950 
focus supply, $50 for both; Sencore 8E156 dc 
supply, $25; Superior 76 CR bridge, $20; Preci- 
sion 177 VTVM, $15; GC 36-524 RC selector, $10. 

Fremont TV & Electronics, 407 E. Main St. , Fre- 
mont, WI 54940; 414-446-2239. 

Nearly complete Sams Photofacts to #2536; other 

manufacturers' service data; test equipment; parts 
inventory. Send SASE for list. David A. Day, 
Flori-Day Electronics, 44 Avenue E. , Apalachi- 
cola, FL 32320; 904-653-9637 

Admiral, Emerson/DuMont original, new parts, 
transistors, tubes, coils, transformers, flybacks, 
etc. Send a SASE for parts list. R.J. Horsley, 67 
Theodore St. , Buffalo, NY 14211. 

More than 1,000 schematics, books, magazines 
and original factory service manuals are up for 
big -highest bidder takes all. Alvin Sydnor, 806 
Meetinghouse Road, Boothwyn, PA 19061. 

Cordata personal computer, IBM compatible, in- 
cludes monitor and dual disk drives, 11/2 years old, 
excellent condition, $600 plus shipping; Sencore 
TC -28 hybrider, $75; Micronta VTVM with leads 
and manual, $15. Dennis Dillon, 1616 S. 94th St. , 

West Allis, WI 53214; 414-774-2255. 

Sylvania 376 series (B&W) TV console, needs pic- 
ture tube, $60 plus shipping or best offer. Fremont 
TV & Electronics, 407 E. Main St., Fremont, WI 

54940; 414-446-2239. 

A.B. Dick mimeograph machine with manual, $30 
plus shipping; service manuals, text books, radio 
and TV parts; new standard brand tubes in 
manufacturers' cartons, 90% off list price. Send 

large SASE for list. M. Seligsohn, 1455 55th St. , 

Brooklyn, NY 11219. 

Heath I0-4560 oscilloscope, unused, $130; EICO 
model 232 peak -to -peak VTVM, $40; NTS elec- 
tronics course with digital, includes compu-trainer 
and electronic control kits, $30; Atari 600XL com- 
puter, unused, in box, $40. Free shipping on any 
item, and deals on combinations. Will consider 
offers. Kenneth Morvant, 5415 White's Ferry Road 
#68, W. Monroe, LA 71291; 318-396-8346. 

Zenith model VR9750J beta VCR, built by Sony, 

in mint condition with only 20 hours run time, 
$125-I'11 pay shipping charges. Bob Goodman, 
P.O. Bar 452, Alexandria, LA 71309; day phone: 
318-442-7170; night phone; 318-640-1466. 

B&K Precision model 552, used only once, in- 
cludes all manuals and cables, $300. Richard L. 

Jackson, 312 Second Ave., DeWitt, IA 52742; 
319-659-9942. 

ECG model FET-43 analog multimeter, 10M in- 
put impedance, seven dc volts range, six ac volts 
range, rms peak -to -peak, six resistance range, plus 
many other features, $40 plus shipping. Used only 
once. Stanley Todorow, G8468 Belle Bluff Drive, 
Grand Blanc, MI 48439; 313-695-0271. 

Classified 
Advertising rates in the Classified Section are $1.55 
per word, -each Insertion, and must be accompanied 
by payment to Insure publication. 

Each initial or abbreviation counts as a full word. 

Minimum classified charge $30.00. 

For acis on which replies are sent to us for forwarding 
(blind ads), there Is an additional charge of $35.00 per 
insert on to cover department number, processing of 
replies, and mailing costs. 

Classified columns are not open to advertising of any 
products regularly produced by manufacturers unless 
used and no longer owned by the manufacturer of 
distributor. 

FOR SALE 

TV TOUGH DOGS: 300 symptoms and cures. Send 
$7.95 to DAVIS TV, 11772 Old Fashion Way, Garden 
Grove, CA 92640. 10-87-tfn 

FOR SALE RCA modules MDL, MDH, MCH, MCL, MST, 

MSC. Original boxes. 50% off current wholesale. List sent 
upon request. Phone 906-774-0155 or write K & G Appli- 
ance, Box 368, Iron Mountain, Mi. 49801. 10.88-1t 

AAA ELECTRONICS: Parts NTE, chemicals, supplies. For 

flyer write to 2336 S. Press, San Antonio, Texas 78210, or 
call 1-800-444-6330. 9.88-21 

SONY-TRINITRON Rebuilt Picture Tubes are now 
available. All tubes shipped U.P.S. No Charge. We buy 
all Sony duds. Rochester Kinescope, 716-235-0750. 

11-87-tfn 

PHCTOFACTS: Folders under #1400 $4.00. Above #1400 
$6.00. Sent same day first-class postpaid. Loeb, 414 Chest- 
nut one, East Meadow, NY, 11554. 9-88-31 

TVNCR "Tuff Tips" listed by mfg. and model. 1st or se- 
cond edition, 200 tips per edition, $10.95, both editions 
$19.95. TV Tips only, 1st or 2nd edition $5.95, both edi- 
tions $10.95. VCR Tips only, 1st or 2nd edition, $6.95, 
both editions $12.95. TECH CURES, 4825 
Fredericksburg Road, San Antonio, Texas 78229. 

6-88-tfn 

TVNCR Failure Histories -Multiple cures for most pro- 
blem areas. Send $6.95 with mfg. and model number 
to TECH CURES, 4825 Fredericksburg Road, San An- 
tonio, Texas 78229. Money will be refunded with free 
sample, if model is not on database. 6-88-ifn 

VCR CROSS-REFERENCE listing for the following 
electronically -similar manufacturers: RCA, GE, 
Sylvania, Panasonic, Quasar, Magnavox, Philco, and 
J.C. Penney. Send $13.95 to TECH CURES, 4825 
Fredericksburg Road, San Antonio, Texas 78229. 

6-88-tf n 

VHS -VCR REPAIR SOLUTIONS VOLUMES I, II, III. 
Each contains 150 symptoms and cures, cross 
reference chart, free assistance. Each $11.95, any two 
$19.95, all $29.95. Eagle Electronics, 52053 Locks 
Lane, Granger, IN 46530. 5-88-tfn 

COMPUTER TV/VCR SERVICE TIPS DATABASE PRO- 
GRAM (IBM Compatible). Scan symptoms and cures in 

seconds by model or chassis. Add, change, delete, print 
out hard copy. An excellent aid for the technician. $49.95 
for program. $69.96 includes up-to-date database witn 1,000 
plus ServiceTips. Add $2.50 postage and handling. Com- 
puter Assistance, Box 232026, Anchorage, AK 99523. 

8-88-3t 

MODERN PHOTOCOPIER REPAIR: Expand knowledge into 

high profit area. Troubleshooting, tech tips, parts markup, 
etc. Illustrated. $34. 5615 Deer Creek Drive, Ferndale, WA. 
98248 10-88-1t 

TELEPHONE TESTER, as featured in ES&T Magazine, 
complete kits or wiped unit. Also ringer voltage generator. 
Write for list and prices. JTS Electronics, 412 Pomona Rd., 
Cinnaminson, N.J. 08077. 10-88-1t 

CB RADIO REPAIRS/MODIFICATIONS: Books, plans, kits, 

high-performance accessories since 1976. Catalog $2. 

CBCI, Box 31500E, Phoenix, AZ 85046. 10-88-4t 

SENCOR TEST EQUIPMENT. VA -62 with VC -63 and NT -64. 

$2500 or best offer. The Service Source, 2420-A N. Main, 
Hutchinson, Kansas 67502. 316-662-6322. 10-88-1t 

FOR SALE New Sencore test equipment; l-FS74 Channel- 
Izer SR; 1-TF46 Super Cricket Transistor & FET Tester; 
1-LC75 Z -Meter; 1-FC71 GHZ Frequency Counter; 1-CR70 

Universal CRT Analyzer & Restorer; 1-PR57 Variable Isola- 
tion Transformer; 1-VA62 Video Analyzer; 1-VC63 VCR Test 

Accessory; 1-NT64 NTSC Pattern Generator; 1-SC61 Wave- 

form Analyzer, 60hz; 1-TP212 Probe, 10hz; 1-39681 Probe, 
Demodulator, 250Mhz; 2-NP229 Scope Needle Point Adap- 
tor. Any reasonable offer. Rick Connally, P.O. Box 610, Mon- 
ticello, UT 84535, 801-587-2040 or -2937. 10-88-2t 

TVNCR REPAIR TIPS -Over 1,000 up-to-date prob- 
lems/cures listed by model and chassis for quick easy 
lookup. A great reference for just $29.95. Add $2.50 postage 
and handling. Computer Assistance, Box 232026, An- 
chorage, AK 99523. 8-88-31 

BUSINESS OPPORTUNITIES 

RIVERSIDE, CALIF. Established TV -VCR -Antenna Service 
company with $80 to $100K gross Income. $10,000 and you 
take over. (714) 6844404. 9-88-2t 

ELECTRONICS BUSINESS in S.E. Montana. 2 hrs from 
Yellowstone Park. 4 Benches, large part inventory, upgraded 
equipment. Huge library. 20 warranty authorizations. Call 
owner: 406-252-7462. 10-88-1t 

BUSINESS OPPORTUNITIES Retiring electronic service, 
inventory and equipment. Idaho big game country. $15,000. 

208-756-2916, Box 488, Salmon, Id. 83467. 10-88.1t 
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NEW LOW PRICE S39 95 

TEST & RESTORE EVERY CRT on the market 
without ever buying another adaptor socket for your 
CRT tester. Fits ALL makes & models. MONEY BACK 
GUARANTEE. Over 12,000 sold. Complete Patented 
Kit, with Sockets & Setup Book Only $39.95 + 

$2.50 P&H. A one-time investment for life! 
Visa/MC/COD's/Checks. 

FREE CALL 1-800-331-9658 
DANDY MFG. CO. 

2323 Gibson Street Muskogee, OK 74403 

Circle (56) on Reply Card 

Tech's 
Guide 

To 
Pricin 

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

Call Toll Free for details 8/5 1-800-228-4338 cwt. 

Circle (58) on Reply Card 

HAND REMOTE REPAIR 
LA GUARDIA ENT 

5882 Rich Hill Way 
Yorba Linda, CA 92686 

(714) 579-1276 
Call for pricing 
24 hr turnaround time 
Return freight pre -paid 

Circle (57) on Reply Card 

.i i 

MOVING? 
Take us with you. 
Just peel off your 
subscription mail- 
ing label and 
attach it to the 
address change 
card inside this 
issue. Please allow 
6-8 weeks to 
process your 
address change. 

Ad Index/Hotline 
Page 

Reader 
Service Advertiser 

Company Number Number Hotline 

Amprobe Instruments 7 6 516/593-5600 
Anasco Corp 29 & 30 59 
Automated Production 

Equipment Corp. 57 50 516/654-1197 
Beckman Industrial Corp. IFC 1 619/495-3200 
C + S Sales 43 20 800/292-7711 
Chemtronics 1 3 800/645-5244 
Dandy Manufacturing Co. 68 56 800/331-9658 
Digikey 27 19 800/344-4539 
ETA 61 
Fluke, John 

Manufacturing Co., Inc. 5, 13 5, 8 800/227-3800 
Fordham Radio Supply Co. 3 4 800/645-9518 
ISCET 65 
Jensen Tools Inc. 61 53 602/968-6231 
Laguardia Enterprises 68 57 714/579-1276 
Matsushita Services Co. 

(Publications Div.) 21 10 
MCM Electronics 51 48 800/543-4330 
Metrabyte 29 & 30 60 
NESDA 51, 55 
NRI Schools-Elctronics Division 15 202/244-1600 
Nu -Concept Systems, Inc. 55 46 800/762-4278 
Panavise Products Inc 19 9 213/595-7621 
Parts Express International Inc. 49 47 513/222-0173 
Philips ECG 22-23 11-17 800/225-8326 
Prime Electronics 65 55 414/473-4727 
Sencore, Inc. IBC 2 800/843-3338 
Sperry Tech, Inc. 68 58 800/228-4338 
Techni-Tool 59 51 215/825-4990 
Tektronix, Inc. 8A -8B 800/835-9433 
Tektronix, Inc 8-9 7 800/835-9433 
Tentel 45 21 800/538-6894 
Tron ix, Inc. 59 52 313/939-4710 
U.S. Instrument Rentals 25 18 800/824-2873 
U -Can -Do 

VCR Educational Products Co. 61 54 513/548-6113 
Zenith BAC 

Want more information on advertised products? 
Use the Rapid Facts Card. 

ADVERTISING SALES OFFICES 

ELGOTIIORIG 
S.r.dorgatadnoagy 

KANSAS CITY, MISSOURI 
Greg Garrison, Sales Manager 
P.O. Box 12901 
Overland Park, KS 66212 
Phone: (913) 888-4664 
Fax: (913) 888-7243 
Telex: 42-4156 I NTERTEC OLPK 

OXFORD, ENGLAND 
Nicholas McGeachin 
Roseleigh House, New Street 
Deddington, Oxford OX5 4SP 
Phone: (0869) 38794 
Telefax: (0869) 38040 
Telex: 837469 BES G 

TOKYO, JAPAN 
Haruki Hirayama, 
EMS, Inc. 
Sagami Bldg., 4-2-21, Shinjuku, 
Shinjuku-ku, Tokyo 160, Japan 
(03) 350-5666 
Telex: 2322520 EMSINCJ 
Cable: EMSINCPERIOD 
FREWVILLE, SOUTH AUSTRALIA 
John Williamson 
Hastwell, Williamson, Rep. Pty. Ltd. 
109 Conyngham Street 
Frewville 5063 
South Australia 
Phone: 799-522 
FAX: 08 79 9735 
Telex: AA87113 HANDM 
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With Just One Probe Hookup You Can Confidently 
Analyze Any Waveform To 100 MHz, 10 Times Faster, 

10 Times More Accurately, Absolutely Error Free, 
Guaranteed Or Your Money Back , 

INTENSITY CHANA CHANE A88 VECTOR 
FOCUS 

C).a' 

ENCORE MODEL SC61 

DIGITAL 
EADOUT 

VERTICAL 
POSITION 

FREO OINrEn RP, 

VOLTSIDIVISION 

+D 

200 05 

READ DIRECT 

W 0X PROSE 

VOLTSIDIVISION 

200 .05 
FREO 8 +P ACEEA1 READ DIRECT 

WITH 10X PRODS 

CHA ä DELTA MEASUREMENTS 
D PPV G 

BEGIN PORTION END 

HORIZ 
I POSITION 

TI 

BEAM 
FINDER 

INTENSIFIED G 

WAVEFORM ANALYZER 

With The SC61 Waveform Analyzer 
$3,295,00 PATENTED 

CHANNEL A 
INP 

INPUT COUPLING 

DC AC 

CHANNEL B 
INPUT 

INPUT COUPLING 

DC e- AC 

G AP erhe 
TRIGGER 

SOURCE MODE 

CH AC LINE NORM. 
AUTO. 

CH A Eli 

POLARITY LEVEL 

EXT TRIG 
INPUT 

MICROPROCESSOR CONTROLLED 
RIMHI, USEABLE TO I OD Mnz 

GROUND 

Promises of increased productivity from other oscilloscopes 
fade fast when compared to the speed and accuracy of the SC61. 
Eliminate the confusing menus, cursors and complexity of 
regular oscilloscopes at the push of a button. Here's what the 
SC61 does for you: 

Analyze Waveforms Easily 

Accurate Waveform Display - 60 MHz Bandwidth (use- 
able To 100 MHz) To Test The Latest Digital Circuits. 

Rock -Solid Sync - ECL Logic Circuits And Differential 
Amplifiers Give Fiddle Free Operation. 

Four Times The Measuring Range - Measure From 
5 mV To 2000 Volts (3000 Volts Protection) For Ex- 
panded Signal Handling. 

AutotrackingTM Digital Readings Analyze The Whole 
Signal 

Autoranging DC Volts Through Single Probe, Even 
With AC Coupled. 

Automatic Peak -To -Peak Volts - Even If Variable Con- 
trol Is "Out Of Cal". 

Automatic Frequency Measurements Without Sensi- 
tivity Adjustment Or Range Switching. 

Digital Delta Tests Analyze Any Part Of The Signal. 

Delta Peak -To -Peak Volts - Peak -To -Peak Volts Of Any 
Part Of The Signal. 

Delta Time For Any Time Reading - Including Delay 
Between Traces 

1/Delta Time - Frequency Of Part Of The Signal - 

Finds Sources Of Interference Or Ringing. 

Frequency Ratio Test - Tests Multiplier And Divider 
Circuits 

Easy To Use - Human Engineered Controls And Virtually 
No Graticule Counting Or Calculations 

The SC61 is designed to give you the measurements you need - 

fast. We make one claim: 

"Try the SC6i on your bench for 30 days. If it doesn't cut 
your present scope time in half, send it back for a com- 
plete refund, no questions asked." 

Try the SC61 for 30 days, and discover true troubleshooting 
speed. 

Call 1-800-843-3338 
In Canada Call 1-800-851-8866 

Circle (2) on Reply Card NCOR 
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For your own reputation 
and in your customers' best interest 

always insist on 

Genuine Zenith 

Remanufactured Replacement Parts 

Reconditioned and Serviced for Reliability 

by Zenith People 

as Knowledgeable and Dedicated as 

Those Who Made the Originals! 
One of the easiest, fastest, and sures: 

ways for you to preserve the pedigree and 
maintain the quality of the Zenith products 
you service is with genuine Zenith replace- 
ment parts. 

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

Your participating Zenith parts dis- 
tributor will supply you with a replace- 
ment remanufactured, reconditioned and 
serviced for reliability by Zenith people as 
dedicated and knowledgeable as those who 
made the original. 

Equally important, the replacement 
module or sub -assembly you receive in ex- 
change from your Zenith parts distributor 

will most likely incorporate any Zenith 
factory -made modifications in effect at the 
time of remanufacture. 

And nowhere else but in a partici- 
pating Zenith parts distributor's Exchange 
Program can you get assurance that a 
replacement incorporates Zenith factory 
up -dates! 

To learn the location of the Zenith 
R&R Exchange Counter in your area, write 
on your company letterhead and we will 
help you locate one that's nearby. 

Risking an exchange for a Zenith 
replacement anywhere else doesn't make 
sense. Not when factory -fresh replacement 
modules and sub -assemblies are so readily 
available thru a Zenith parts distributor's 
Exchange Program! Write now! 

evivirm 
e 

The quality goes in before the name goes on.® 

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

www.americanradiohistory.com


