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Cut Your Video Troubleshooting Time By 54%* 
With The VA62A Universal NTSC Video 

Analyzing System 
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• Identify tuner problems with 
All-Channel, VHF, UHF, and Cable 
RF Generators. 

• Pinpoint IF Problems with 
modulated troubleshooting signal 
and exclusive programmable 
IF/RF generators. 

• Isolate any video problems with 
patented video and standard 
color-bar patterns. 

• Find defective stages, without 
disconnecting parts, using exclusive 
phase-locked drive signals. 

• Test yokes and flybacks, plus 
measure signal levels with 
autoranged digital meter. 

• Based on a nation wide survey of users who reported 

an average time savings of 54% compared to their 
previous test equopment 

Call 1-800-SENCORE 
(736-26731 

In Canada 1-800-851-8866 

VA62A Universal Video Analyzer 
Patented 

Update For New 
Technology With Exclusive 
Phase-Locked Accessories 

VC63 VCR Test Accessory 

Solve the VCR 
servicing challenge 
with substitute VCR 
signals, phase-
locked to your 
VA62A. 

N164 NTSC Pattern 
Generator 

Meet all Warranty 
Requirements by 
adding the NTSC 
full-field and split-
field patterns to your 
VA62A Universal 
Video Analyzer. 

ST65 Video Analyzer Stereo 
TV Adder 

Easily test and 
troubleshoot today's 
new MTS Stereo 
TVs Er VCRs. 

RG67 NTSC Video Monitor 
Adaptor 

Expand into analog 
and digital video 
monitor service with 
phase-locked R, G, B 
and I signals. 
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REDUCED CFC ;CANER DEGREASER  

OUTPFRI ORRIS LEAD NG FLUX REMOVERS 

Environmentally Engineered 
for Ozone Protection 

There's never been a smarter time to reach for new 
E-Series chemicals from Chemtronics. Four better elec-
tronic grade formulas that safely outperform conventional, 
ozone-depleting CFCs (chlorofluorocarbons). 

CON 'AWN, IN PE . ,juARE ND, 

III CLEANAG PRCCESS 'WA FLUX 

Environmentally engineered chemicals, available today. 
Sc why wait? Take the future in your hands now with 
&Series products...only from CSemtronks. 
Call or write for free brochure. 

E•Seri&A Chemicals 

& Chemtronics 
Chemtronics Inc. 8125 Cobb Cenwe Drive, Kennesaw, GA 10144 

8004145-5244 in GN 404424-4888 
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The Salvation of Your Profit 
Margin? 
By Conrad Persson 
VCRs might have only been 
introduced to the consumer market a 
short time ago, but these 
entertaining yet failure-prone 
machines have already penetrated a 
great number of U.S. homes. 

Head Cleaning Thpes: Should 
You Recommend Them? 
Head cleaning tapes can't replace a 
thorough cleaning and maintenance 
by the local electronics servicer, but 
they can keep potentially damaging 
dirt and debris from clogging those 
microscopic head gaps. But could 
the user be doing more harm than 
good? 

A VCR Repair Notebook 
By Victor Meeldijk 
With every VCR problem you attack 
and conquer, you're building a 
mental "repair notebook" you can 
refer to. If your notebook isn't 
exactly bursting with conquests, pull 
some pages from ours. 
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Servicing Zenith 
Microcomputers 
Part VII: The Video Card 
By John A. Ross 
Good news: If you are experienced 
servicing video products, there is 
one area of computer servicing you 
can apply your knowledge to — the 
video card. 

Surviving Success: Software 
for Managing your Shop 
By Conrad Persson 
It's a paradox, but success can 
sometimes be the undoing of the 
typical electronics servicer turned 
business manager. If you're lost in 
the paperwork, consider a software 
system that automates shop 
management. You might just survive 
your success. 

Thyristors From A to Z 
Part I: Silicon-Controlled 
Rectifiers 
By Bert Huneault, CET 
No matter what name you tag it 
with, the thyristor is still essentially 
just an on-off switch. Here's a 
description of that common 
component, the silicon-controlled 
rectifier, along with some testing 
methods. 
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ON THE COVER 
Servicing personal computers requires the 
use of some familiar equipment in some not-
so-familiar troubleshooting methods. A good 
working knowledge of the PC from the user's 
standpoint can make a world of difference. 
(Photo courtesy of HMC, Canton, MA.) 
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These leaders specify Leader. 
When servicing electronics, depend on Leader for your test equipment needs. 

Leader meets the standards of 
so many, because we set such high 
standards in design. 
Equip your bench with our stan-

dard test equipment as required by 
manufacturers. Leader continually 
consults manufacturers and their 
service facilities to determine what 
products and features you'll need. 
The unique features on Leader 
equipment help you work smarter 
and increase efficiency. 
SEE LEADER INSTRUMENTS AT ELECTRO '89, BOOTHS 1663-1667 

You'll find hard-to-beat capabilities 
and value throughout the Leader line. 
See all there is to Leader's leader-

ship, and benefit from our more than 
34 years of experience. Phone now 
to discuss your equipment require-
ments, for a copy of our catalog, and 
for the name of your nearest "Select" 
Leader Distributor. All Leader equip-
ment is backed by a TWO-YEAR 
WARRANTY, and factory service 
on both coasts. 

AIM 

LCG-400S NTSC Pattern Generator 
2 LVS-5850B NTSC Vectorscope 
3 LDC-823S 250-MHz Frequency Counter 
4 LMS-238 TV Stereo Generator 
5 3216 AM FM Stereo Generator 
6 LHM-80B High Voltage Meter 
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7 LSVV-333 TV Sweep Generator 
8 LAG-126S Audio Generator 
9 LMV-185A AC Millivoltmeter 
10 LFM-39A Wow & Flutter Meter 

• 35"1 ,5'15"' — 

1 806%44=5104 
In NY State 

516 231-6900 
Leader Instruments Corporation 

380 Oser Avenue, Hauppauge. New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6621 

LEADER 
FOR PROFESSIONALS WHO KNO W 

THE DIFFERENCE 

11. LDM-171 Distortion Meter 
12. LTC-906 Transistor Checker 
13. LDM-853A Digital Muitimeter 
14. LPS-152 DC Power Supply 
15. LPM-8000 Laser Power Meter 
16, LBO-2060 CRT Readout Oscilloscope 

I be above logos are r,gistered trade marks or trade names o speci.ic 
companies and or conorations and reproduction of their logo; 

hoed unless eiiplicit written permission is obtained from them 



 Editorial   

It's back: 

free 

Readers' 

Exchange 

A few months ago, we announced that 
we would begin charging our readers to 
place items in our Readers' Exchange 
department. Our decision to make this 
change was motivated by the best of in-
tentions. We felt that a relative handful 
of our readers, the ones who placed the 
For Sale or Wanted items, were the pri-
mary beneficiaries. It also seemed to us 
that some of those individuals were tak-
ing unfair advantage of the department 
by asking us to place far more items in 
the department than the three that we 
limited it to. 
We also felt that because these items 

constitute a kind of commercial venture, 
it was fair to ask the person placing the 
item to pay a small fee for the privilege. 
We also saw it as a way to make availa-
ble space for more articles that would 
be of benefit to all readers. 
The flood of letters we have received 

as a result of that change, and the pau-
city of paid Reader's Exchange items 
that have been submitted, tells us clearly 
that we made a mistake. Apparently, 
most readers don't really see Readers' 
Exchange as anything but useful editori-
al. Even a lot of people who seldom ac-
tually buy or sell read these pages with 
interest just to see what's being asked 
or offered, on the remote chance that 
they will find something that will be of 
interest to them. It also is, apparently, 
a good way for readers to exchange in-
formation that is really not worth pay-
ing to place in the magazine. 
By charging to place this information 

in the magazine, we were cutting off the 
free flow of information that we really 
are interested in promoting. 
Therefore, effective with the Febru-

ary issue, Readers Exchange is again a 
free service. So if you have something 
to sell, if you need to buy something. 
or if you just need a schematic or other 
servicing information, send in a Read-
ers' Exchange item, following the rules 
set forth here. Space permitting, we'll 
publish it. 
Here are the guidelines: 

• All Readers Exchange items must be 
in some way related to consumer elec-
tronics servicing, and must not be some-
thing you are ordinarily in business to 
sell. Those items should be sold through 
paid ads. 
• We will make every effort to publish 
all Readers' Exchange items in the first 
available issue of ES&Tafter we receive 
the item. However, we cannot guaran-

tee that any Readers' Exchange item will 
ever be published. We reserve the right 
to refuse to publish any item in Read-
ers' Exchange. If whatever you have to 
sell absolutely must be published, and 
in a specific issue, place a paid classi-
fied ad. 
• Please limit your entry to no more 
than three items for sale and three items 
you want to buy, for a total of no more 
than six items. If you have more than 
that number, we suggest you include the 
words "Send self-addressed stamped 
envelope (SASE) for list." If you include 
more than three items, we will either 
publish the first three "For Sale" and 
"Wanted" items and ignore the rest, or 
we will discard the entry. 
• Limit your descriptions to no more 
than 30 words, including your address. 
Even if you limit your entry to three 
items, detailed descriptions take up 
space that should be used for another 
reader's entry. If details are necessary, 
include your telephone number or ask 
those who respond to send an SASE for 
a detailed description. If you do leave 
in more than 30 words, we will be 
forced to either cut out all extraneous 
description or discard your entry. We 
simply don't have the manpower to edit 
each entry. 
• Write legibly. Either type or print the 
entry, and explain any obscure abbrevi-
ations. We don't have the time or the 
resources to try to translate or to con-
tact you for an interpretation. If we can't 
read your entry, we will discard it. 
• A magazine such as ES&T works at 
least two months ahead. At the time of 
writing this editorial for the February 
1990 issue, it's the middle of December 
1989. Any Readers' Exchange items that 
are to appear in this issue would also 
have had to be in our hands by the mid-
dle of December. In general, aim for the 
second week of the month. 
• Make sure to type or print your name, 
address and telephone number on your 
Readers' Exchange item; letters and 
envelopes frequently get separated. If 
you prefer not to have your telephone 
number published, let us know that. Us-
ing your peel-off label from the maga-
zine is a good idea. 
• Mail to: Readers' Exchange, Electron-
ic Servicing & Technology, P.O. Box 
12901, Overland Park, KS 66212. 
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Put a test lab in your tool pouch. 
The Fluke 8060A 41/2-digit 
handheld multimeter. 
It's the best tool you could add to your tool 

pouch, because it lets you troubleshoot more 
...with less. 
This portable, powerful instrument has a 

unique combination of features not available 
in any other handheld DMM. It lets you reach 
beyond traditional DMM applications, tack-
ling jobs that often require more equipment 
than you can carry. 
A simple push of a button on the Fluke 

8060A lets you measure frequencies to 200 
kHz, make relative offset measurements, con-
vert voltages to direct reading decibels, or 
conduct audible continuity tests. Plus the 
8060A offers wideband True RMS ac meas-
urement capability to 100 kHz. 
So say goodbye to your part-time counters, 

oscilloscopes, continuity testers, calculators 
and power supplies. And welcome a full-time 
professional that'll be there when you need it. 
You'll find that for troubleshooting every-

thing from motor controls to data communica-
tions equipment, the Fluke 8060A is the best 
multimeter value going. 
Find out more by calling our toll-free hot-

line 1-800-44-FLUKE, ext. 33. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

8062A  8060A 
$329*   6389*   

05% basic accuracy   04% basic dc accuracy  

19999 count display   19999 count display   
True-rms ac voltage and True-rms ac voltage and 
current   current   

Continuity and  Continuity and 
diode test   diode test   

Relative reference   Frequency 

1-year calibration  measurements   
cycle and warranty   dBm. Relative dB   

  Relative reference   

  1-year calibration 
  cycle and warranty   

• Suggested US list price. effective October 1.1988 

Circle (6) on Reply Card 

John Fluke Mfg Co Inc PO Box C9090. M/S 2500, Everett, WA 98206. Sales 12061356.5400, Other 12061347-6100 
c Copyright 1988 John Fluke Mfg Co , Inc  All rights reserved  Ad No '181-F8060 
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The salvation of your profit margin? 
B.\ (.4 )I MI( I Pt.'1'ssull 

Just a few years ago. VCRs were in-
troduced as a consumer electronics 
product. In a remarkably short time, 
sales of VCRs skyrocketed, and now 
millions of them are in use in homes 
throughout the country. Because these 
units contain parts that get dirty, wear, 
stretch and break. VCRs have become 
a lucrative source of business for many 
electronics servicing technicians. In 
fact, VCRs have become so plentiful 

Persson is editor of ES&T. 

that many servicing concerns that once 
serviced TVs now specialize exclusive-
ly in cleaning and repairing VCRs. 

Why this special report? 
If the opportunities for servicing 

VCRs are great, so are the problems. 
For example, VCRs are complex sys-
tems, and an understanding of them re-
quires a considerable amount of study. 
An attendant problem is the newness of 
the technology — it takes quite a leap 
in knowledge to become thoroughly 

comfortable with VCR servicing. Even 
worse, many (if not most) brands of 
VCRs are not actually manufactured by 
the organization name that appears on 
the product, making it difficult or im-
possible to determine where to go to 
find servicing literature or parts. If the 
name on the unit is the manufacturer, 
you're still not out of the woods — many 
of the VCR manufacturers are not famil-
iar, and it's very difficult to find the 
company to obtain information and 
parts. 

ABC Intl. Traders 
216 South Oxford Ave. 
Los Angeles. CA 90004-5195 
Telephone: 213-380-4030 
Fax: 213-380-4730 

ALAKH. Div. of Hi-tech 
25 Green St. 
Hackensack, NJ 07601 
Telephone: 201-343-2300 
Fax: 201-343-7989 
Brands: -Spartan" by Hi-Tech 

Amco Group 
3380 Livonia Ave. 
Los Angeles. CA 90034 
Telephone: 213-838-2626 
Fax: 213-559-2600 

Arrow Trading Co.. Pierre Cardin 
Electronique 

1115 Broadway 
New York, NY 10010 
Telephone: 212-255-7688 

AV Distributors 
2427 Bay Area Blvd. 
Clear Lake City, TX 77058 
Telephone: 713-486-3939 
Fax: 713-486-8300 

VCR manufacturers 

Canon USA. Video Div. 
One Canon Plaza 
Lake Success, NY 11042 
Telephone: 516-488-6700 
Brands: Canon. Canovision 8. Accu-
Vision 

CBM America. (Citizen Watch Co. 
Ltd.. Electronics Group) 

2020 Santa Monica Blvd.. Suite 410 
Santa Monica. CA 90404 
Telephone: 213-828-8245 
Brands: Citizen 

Daewoo Electronics Corp. of America 
100 Daewoo Place 
Carlstadt, NJ 07072 
Telephone: 201-935-8700 
Brands: Portland. Daytron 

Electro Star 
1000 Stanford Ave. 
Los Angeles. CA 90021 
Telephone: 213-622-5290 
Brands: Dynasty, Technidyne 

Emerson Radio 
One Emerson Lane 
North Bergen. NJ 07047 
Telephone: 201-854-6600 

E&S Intl. Enterprises 
7849 Canoga Ave. 
Canoga Park, CA 91303 
Telephone: 818-887-0700 
Fax: 818-708-2254 
Brands: Stereo Sports, Giant 

Getwin Trading 
1225 Broadway. Suite 504 
New York. NY 10001 
Telephone: 212-685-6618 
Fax: 212-889-4069 

Goldstar Electronics Intl. 
1050 Wall St. W. 
Lyndhurst. NJ 07071 
Telephone: 201-460-8870 
Brands: Goldstar 

Grundig/Lextronix 
3520 Haven Ave.. Unit L 
Redwood City, C494063 
Telephone: 415-361-1611 
Brands: Grundig 

Hitachi Sales Corp. of America 
401 W. Artesia Blvd. 
Compton, CA 90220 
Telephone: 213-537-8383 
Brands: Hitachi 
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This special report is intended to pro-
vide some basic information to help 
readers who have chosen to specialize 
in VCR servicing. The article "A VCR 
Repair Notebook" explains some basic 
procedures to follow when you are faced 
with a malfunctioning machine. The 
other feature on VCRs, "Head Clean-
ing Tapes: Should You Recommend 
Them?" covers some of the basic facts 
about the interface between the VCR 
and the videotape, the reasons video 
heads get dirty, and some practical ad-

vice on how to (and how not to) clean 
them. 
Another part of the special report is 

right here in this introduction: a list of 
all of the VCR manufacturers we are 
aware of, with addresses and phone 
numbers that might help you track down 
servicing literature. 
If VCR servicing is an idea you've 

been considering, this special report 
might give you an idea of what you 
would be up against in this potentially 
lucrative new field. 

Brands: Kenwood Instant Replay 
2951 S. Bayshore Drive. 8th Floor 
Miami, FL 33133 
Telephone: 305-448-7088 
Brands: Image Translator, 
CaptionMaster 

Japan America Electronics 
2624 Wilshire Blvd. 
Santa Monica, CA 90403 
Telephone: 213-453-0440 
Fax: 213-470-6176 

Japanese Distributors 
1641 E. Del Amo Blvd. 
Carson, CA 90746 
Telephone: 213-603-2600 

JVC Co. of America 
41 Slater Drive 
Elmwood Park, NJ 07407 
Telephone: 201-794-3900 
Brands: JVC 

Kenwood USA 
2201 E. Dominguez 
P.O. Box 22745 
Long Beach, CA 90801-5745 
Telephone: 213-639-9000 
Fax: 213-604-4487 

KLH—Wald Sound 
11131 Dora St.: P.O. Box 1085 
Sun Valley, CA 91352 
Telephone: 213-875-0480 
Brands: KLH, Linear Dynamics. 
Maximus 

Lloyd's Electronics, Div. of Dynascan 
200 Clearview Road 
Edison, NJ 08818 
Telephone: 201-225-2030 
Fax: 201-287-3060 
Brands: Lloyds 

Marantz 
20525 Nordhoff St. 
P.O. Box 2577 
Chatsworth. CA 91313-2577 
Telephone: 818-998-9333 
Fax: 818-998-5475 
Brands: Marantz 

MGN Technology 
9724 Kingston Pike, Suite 106 
Knoxville, TN 37922 
Telephone: 615-690-5755 
Fax: 615-690 5756  Continued 

SAVE YOURSELF 
TIME fp WOK 
EVEN MORE 
PROFESSIONAL 

with the 

"TOOL 
TOTE" 

Here is the telecommunications 
service technician CARRYING CASE 
Model CDT that you want. Holds 21 
tools and a test meter. PLUS rotary and 
rotary/tone hancset. This soft-sided, 
expensive-looking luggage is a TOOL 
TOTE which is water-resistant with 
sturdy web handles; has heavy duty 
zipper; is easy to use and easier to 
carry. In your choice of luxurious black 
and attractive brown that conveys a 
professional look. 15'/2" x 11" x 3". 

I 
I ofel  I j 

Keep your tools more organized 
with the "INDESTRUCTO"® 
SUPREME 
TOOL PAL 

ghest. largest 
adillac" of our line! 
hicago Case Company has designed 
ese hand-stitched supreme tool 
allets to handle the toughest jobs. 
ade of high impact polyethylene 
shell, unbrea•cable feet, extra heavy 
aluminum frame with fully riveted 
hardware for extra strength; storage 
space in case bottom for parts, mete 
extra tools, etc.; combination recess 
locks for ext-a protection. Illustrated 
Model DST9H-HINGED PALLET. 3 
pallet case. 173/4" x 14 '/2" x 9'/4". 

CHICAGO CASE COMPANY 
continues to 3et the pace and indu 
standards. with competitively-price 
high quality cases. Full color 
catalog available; contact 
your distributor; if he 
cannot supply you, 
call or write: 

Chicago Case Co. 
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Panasonic, Matsushita Electric Corp. 
of America 

One Panasonic Way 
Secaucus, NJ 07094 
Telephone: 201-348-7000 
Brands: Panasonic. Technics 

Philips/Philips Consumer Electronics 
One Philips Drive 
P.O. Box 14810 
Knoxville, TN 37914-1810 
Telephone: 615-521-4316 
Brands: Philips 

Quasar. Matsushita Electric Corp. of 
America 

1325 Pratt Blvd. 
Elk Grove Village, IL 60007 
Telephone: 312-228-6366 
Fax: 312-228-3767 
Brands: Quasar 

Randix Industries Ltd. 
Granite Park 
Milford, MA 01757 
Telephone: 508-478-8989 
Fax: 508-359-4896 
Brands: Randix, Audiologic by 
Randix 

Samsung Electronics America 
301 Mayhill St. 
Saddle Brook. NJ 07662 
Telephone: 201-587-9600 
Brands: Samsung 

Sanyo Fisher (USA), Consumer 
Electronics Div. 

21314 Lassen St. 
Chatsworth, CA 91311 
Telephone: 818-998-7322 
Fax: 818-701-4170 
Brands: Sanyo, Fisher 

H.H. Scott 
5601 Westside Ave. 
North Bergen. NJ 07047 
Telephone: 201-662-2000 
Brands: Scott 

Sharp Electronics 
Sharp Plaza 
Mahwah. NJ 07430-2135 
Telephone: 201-529-8200 
Brands: Sharp 

Shintom West Corp. of America 
20435 S. Western Ave. 
Torrance, CA 90501 
Telephone: 213-328-7200 
Fax: 213-328-4462 
Brands: Shintom 

S.R. Electronics 

3840 N. Harlem 
Chicago, IL 60634 
Telephone: 312-625-5676 
Fax: 312-625-5943 

Symphonic 
100 North St. 
Teterboro, NJ 07608 
Telephone: 201-288-2606 
Brands: Symphonic, Funai, Avertura 

Teknika Electronics Corp., Consumer 
Electronics 

353 Route 46 W. 
Fairfield. NJ 07006 
Telephone: 800-TEK-NIKA 
Brands: Teknika, Fujitsu, General, 
Janie! 

Tele-Com Products 
1075 Hamilton Road 

•Duarte, CA 91010   
Telephone: 818-303-1183 
Fax: 818-358-8485 
Brands: Tele-Corn 

Thomas America 
122 Tices Lane 
East Brunswick, NJ 08816 
Telephone: 201-238-6860 
Parts and servicing information: 
800-242-7158 

Brands: Thomas, Crosley 

Toshiba America Consumer Products 
82 Totowa Road 
Wayne. NJ 07470 
Telephone: 201-628-8000 

Tote Vision 
901 Thomas St. 
Seattle, WA 98109 
Telephone: 206-682-4343 
Brands: Tote Vision 

Unisonic Products 
1115 Broadway 
New York, NY 10010 
Telephone: 212-255-5400 
Brands: Unisonic, Compu Chron, 
Chronosonic. HEALTH WATCH 

Vector Research 
1230 Calle Suerte 
Camarillo, CA 93010 
Telephone: 805-987-1313 
Fax: 805-987-1956 
Brands: Vector Research. Carrera 

Yamaha Electronics Corp. USA 
6722 Orangethorpe Ave. 
Buena Park, CA 90620 
Telephone: 714-522-9105 
Brands: Yamaha • 
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When you come up with 
a superior product, 
people talk. 

Scotoll  
OAP 
c0FAsis6 

Scotch' Head Cleaning Videocassettes. 
Easy. Safe. Sure. 

"This is the first head 
• • cleaning system I feel 
confident I can recommend': 
George Blu:e, CET/CSM, Largo, FL 

"We sell it and recommend it': 
Don Erwin, CSM, San Diego, CA 

"Protects my customers' in-
vestment and my reputation." 
Art Nelson, CET Milwaukee, WI 

"It works better than tradi-
tional wet or dry methods!' 

Sperry, CET/CSM, Lincoln, NE 

"A quality product and safe 
to user 
Bill Warren, CET/CSM, Kno.vville, TN 

"Great product ...it's safe and 
effective!' 
George Weiss, CSM, Chicago, IL 

NESDA experts agree that the best solu-
tion to cleaning video recorder heads is 
the simplest. Unique to its category, the 
Scotch Head Cleaning Videocassette 
is the only recorded magnetic tape-based 
head cleaning cassette. 

"It's effective, it's safe and it's economical." 
As leatured in the +Anna Technology ,Vm./Dec. '87 supplement 

$1.00 Rebate Offer 
For every case (10 cassettes) of Scotch 
Head Cleaning Videocassettes NESDA 
members purchase, 3M will give a $1.00 
rebate to the NESDA Association. 
Members please send in copy of Scotch 
Head Cleaning Videocassette invoice to 
NESDA, Fort Worth, TX. 
Ofer good through Dec. 31, 1990) 

Call 1-800-443-6975 to order the 
Scotch Head Cleaning Videocassette 
model SCO-3198-4. 

You may obtain information by writing: 
3M Consumer Video and Audio Products 
Division, 3M Center Building 233-5N-01, 
St. Paul, MN 55144-1000. 

3M 1990 
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Head cleaning tapes: Should you 

recommend them? 

W ear and tear causes problems in 
VCRs ranging from poor video and 
sound quality to inability to operate be-
cause the machine is dirty. As with any 
sophisticated home appliance, the VCR 
requires proper care and periodic main-
tenance to continue operating at maxi-
mum effectiveness. 
According to manufacturers, as often 

as nine times out of 10, the primary 
cause of problems in VCRs returned for 
repair is simply a dirty machine in need 
of thorough cleaning. Of particular con-
cern is the proper maintenance of the 
delicate record and playback heads in 
the machine. 
In response, a number of different 

head-cleaning systems have been intro-
duced for consumer use. Some use liq-
uid solvents. Others use a dry abrasion 
method. 
Each promises to do an effective job 

of keeping the VCR's record and play-
back heads clean and in proper operat-
ing condition. Unfortunately, not all de-
liver on that promise. Some, in fact, can 
cause more harm than good, as wit-
nessed by widespread consumer com-
plaints over head cleaning systems that 
may have caused damage and necessi-
tated expensive repairs. 
So serious has the problem become 

that the California Bureau of Electron-
ic and Appliance Repair recently held 
hearings on a proposal to ban the mar-
keting of video head-cleaning systems 
intended for home use. 

The video recording process 
Recording and playing back video in-

formation involves placing and sensing 
magnetic signals onto a thin polyester 
film coated with magnetic oxide parti-
cles suspended in a binder. To record 
the signals, a magnetic field is created 
in the VCR's recording heads. An ex-

Adapted from a paper compiled by 3M. 

Figure 1. The video heads are mounted in a rotating drum assembly. The heads protrude 
slightly from the drum, which allows them to push into the tape coating. This design pro-
vides the extremely intimate contact between head and tape that is essential to record and 
resolve the high-frequency video information. 
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Figure 2. Contaminants as tiny as microscopic dust or airborne smoke particles can cause 
interference with magnetic signals and result in unacceptable video recordings or noisy play-

back images. 

tremely small space, or gap, in each 
head provides a place where the mag-
netic signal can be transferred to the 
videotape as the tape is pulled past the 
head by the VCR's transport mecha-
nism. In playback mode, the process is 
reversed, allowing the gaps in the play-
back heads to detect the magnetic sig-
nals and convert them back into the 
electronic signals that recreate the sound 
and picture information stored on the 
tape. 
The video heads are mounted in a 

rotating drum assembly. The heads pro-
trude slightly from the drum, which al-
lows them to push into the tape coating. 
This design provides the extremely in-
timate contact between head and tape 
that is essential to recording and resolv-

ing the high-frequency video informa-
tion. (See Figure 1.) 
A video signal is much more complex 

than the audio-only signal carried on 
typical audiocassettes. For each second 
of taped video picture viewed on a TV 
monitor, the videotape carries 30 frames 
of magnetic information, each frame 
consisting of two lines — one line re-
corded in alternating sequence by each 
of the two heads. In addition, separate 
synchronization and audio tracks are 
also recorded on the tape as it passes 
over the rotating heads at the equivalent 
of up to 80mph. 
So small are the distances and toler-

ances in video recording that the 
microscopic gap in the heads measures 
approximately one-half micron across. 

A human hair, by comparison, has a 
thickness of about 75 microns — 150 
times the size of the head gap. It is also 
in this tiny gap that the magnetic flux 
lines, which are representations of the 
video images, are either generated or 
sensed. Any interference with the sur-
face of these tiny record heads, or the 
even smaller head gap, will cause prob-
lems ranging from a noisy picture to 
complete loss of the video image. (See 
Figure 3A.) 
Because of the complexity of this re-

cording process, keeping the video 
heads, and particularly the head gaps, 
clean and free from contaminants is es-
sential for proper video imaging. Con-
taminants as tiny as microscopic dust or 
airborne smoke particles can cause in-
terference with magnetic signals and re-
sult in unacceptable video recordings or 
noisy playback images. (See Figure 2.) 
In addition, it is very important to 

keep the entire path taken by the mag-
netic tape clean, and to properly main-
tain the VCR's tape-guiding mechanisms 
and tension adjustments, because these 
components can also adversely affect 
video performance. 

Videotape quality 
The tape that carries the picture and 

sound information is an important fac-
tor in proper VCR operation. Videotape 
consists of a thin, tough, flexible poly-
ester film that is coated with microscop-
ic particles of magnetic oxide suspend-
ed in a binder. There are three important 
components, each of which affects the 
quality of the tape's performance and ul-
timately the cleanliness of the VCR's 
heads. 
• The oxide particles are magnetically 
imprinted by the heads with the video, 
audio and synchronization signals. The 
greater the number and the more uni-
form the shape of the particles, the bet-
ter the quality of the video image. 
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• The binder holds the microscopic 
magnetic oxide particles in suspension. 
The better the formulation quality of the 
binder, the better the oxide particles will 

remain in suspension against the 
backing. 
• The tape backing must be strong, non-
stretchable and environmentally stable. 

Figure 3. Compared to the small dimensions ot the video heads and especially the microscopic 
gaps in those heads, the fiber materials used in many wet cleaning systems are relatively 
large. Figures 48 and 4C show two different brands. (Magnification: 1,000X.) 

The weaker the backing, the more sub-
ject it will be to stretching and damage 
from continued use and environmental 
conditions such as heat. 
Because of the physical nature of the 

recording process — involving the 
penetration of the recorder's heads into 
the tape itself during a stressful, high-
speed operation — only high-quality, 
rugged, technologically advanced tapes 
can ensure reliable video recording. 

Sources of head contamination 
VCRs are exposed to a wide variety 

of environmental conditions, a vast 
cross-section of users, a selection of 
tapes whose quality can range from ex-
cellent to poor, and an abundance of 
handling and mishandling. Videotapes 
are also subject to a broad range of en-
vironmental conditions, users and forms 
of use and misuse. The combination of 
users, use conditions and tapes inevita-
bly will affect the condition of the 
VCR's delicate recording and playback 
heads. 
Contaminants come in many shapes 

and sizes, and from a wide variety of 
sources. Dust is present in every home 
environment. Smoke particles from 
cigarettes, cigars and pipes are many 
times larger than the head gaps. Some 
debris may be generated by the machine 
itself. Particles of the magnetic oxide 
from videotapes may be worn off by 
repeated passes over the heads. The way 
in which both recorder and tapes are 
stored and used is also a key element 
in the generation of tape and head con-
taminants. 
A major, often unappreciated source 

of head contamination is rented tapes. 
These cassettes are used by consumers 
of all ages and with varying levels of 
awareness of proper tape care and han-
dling. They are played in a variety of 
machines, many of them not maintained 
in pristine condition, and critical adjust-
ments to the tape-guiding mechanisms 
are rarely made. All of these factors can 
lead to undue wear, stress and damage 
to the thin, delicate magnetic tape and 
may increase the deposit of debris from 
the tape to the VCR's heads. 
Another source of head contamination 

is the use of unlicensed and cheaper 
quality videotapes. The VHS format is 
a licensed product of JVC; Beta is 
licensed from Sony. Bargain tapes may 
not be produced to the standards speci-
fied in these formats, and there is an un-
avoidable trade-off between quality and 
price. The result can be a greater poten-
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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 thosc 
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. 

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 
Exaniination 

Send today for the new NRI Self-
Study Course in VCR Servicing for 

Y ES I• GvcetRmsee rsvtarticiendg.inRpurosh  me m profitable 

NRI sell-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 FORM AT DESIRED 7  VHS 

Name (please print)   

Company   

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 
4401 Connecticut Avenue, NW, Was tgon. DC 20008  

ArAVAr SCHOOLS 
114  McGraw-Hill Continuing 
e:,1• LI Education Center 
le II  4401 Connecticut Avenue, NW 

Washington, DC 20008 

7  RFT\ 

Street   

City/Stale/Zip   

Enclosed is my D check D money order for SI79.95 (D.C. residents add b i tax) Make check payable to NRI 

Charge to D VISA D MasterCard   
Interbank Number 

Card Number   Expiration Date   

Signature   
(required for credit card sales)  Accredeed Member Nat,onal Home Study Council 2630.020 

AD.4 



tial for tape pigments and binders to be 
transferred from the tape to the record-
er's heads, especially as the poorer qual-
ity cassette's performance deteriorates 
with repeated use. 
Over time, contaminants from a com-

bination of all these sources can build 
up on the heads and across the head 
gaps. The intrusion of these con-
taminants between the heads and the 
videotape impairs the heads' ability to 
properly record and play back signals. 
As the heads become progressively dirt-
ier, picture quality deteriorates, leading 
ultimately to a complete clogging of the 
gap, at which point a complete loss of 
the video image occurs. 

Preventive maintenance 
Unofficial reports from some VCR 

manufacturers suggest that as many as 
90% of the machines returned to them 
in need of repair are simply dirty. All 
they need to restore them to proper 
working condition is a thorough clean-
ing. Although recommendations for 
periodic machine maintenance and 
cleaning — with particular attention to 
head conditioning and removal of clogs 
— are now standard in most VCR own-
er manuals, that advice is generally 
ignored. 
Basic VCR maintenance includes 

tape-path alignment, tension adjustment 
and general cleaning. Without proper 
maintenance and cleaning, performance 
quality can be expected to diminish over 
time, resulting not only in poorer vid-
eo but also the possibility of damage to 
the videotapes played in the machine. 
This level of maintenance is not some-
thing that can or should be done by the 
consumer. A consumer's VCR should 
be periodically reconditioned by expe-
rienced service technicians to maintain 
machine and tape integrity. The fre-
quency of maintenance is naturally dic-
tated by the frequency and type of use. 

Video-head cleaning 
In addition to a regular schedule of 

professional machine maintenance, the 
video heads require regular attention to 
prevent deterioration or loss of the vid-
eo signal. 
It is important to note that recording 

tapes and video recorders are generally 
self-cleaning. The manufacturers of 
good- and premium-quality videotapes 
add trace amounts of cleaning agents to 
their oxide formulations to help prevent 
the buildup of debris on the VCR's 
heads. In addition, the recorder's own 

threading and tension adjustment 
mechanisms are designed to help keep 
debris build-up to a minimum. 
Predictably, though, contaminants 

and other debris will accumulate on the 
video heads over time. This problem 
can be treated by the consumer. Head-
cleaning videocassettes can provide an 
effective and inexpensive means of 
removing foreign matter from the VCR's 
heads and getting the equipment safely 
back into operation. 
Three basic types of head-cleaning 

systems designed specifically for use on 
VCR heads are currently available to the 
consumer: wet systems, dry abrasive 
systems and a magnetic-tape-based sys-
tem. This selection of VCR head-
cleaning products is available in a mar-
ketplace characterized by conflicting 
claims, variations in product quality and 
aggressive pricing and marketing 
strategies. 

Wet/fabric systems 
Wet systems rely on a liquid solvent 

that is applied to a fabric material 
housed in a videocassette casing. The 
cassette is then played in the VCR, al-
lowing the solvent to be transferred to 
the heads. This form of cleaning de-
pends on the ability of the solvent to 
safely and effectively dissolve all the 
various types of debris from tapes and 
other sources present in the VCR. Fur-
thermore, solvent-type cleaners cannot 
refurbish the ferrite surfaces of the vid-
eo heads, which is a necessary part of 
restoring the VCR's performance and 
video signal. 
Even when properly formulated, wet 

systems present a number of problems, 
not the least of which is the fact that the 
solutions used may damage plastic and 
rubber components inside a VCR. To 
effectively dissolve debris left on the 
heads, the wet system's fluid must be an 
aggressive solvent. Unfortunately, the 
process of transporting the solvent-
soaked fabric past the VCR heads re-
quires contact with other internal parts, 
which the solvent may also attack. 
The primary danger is to the rubber 

pinch rollers of the VCR's tape-transport 
mechanism. These rollers are a vital 
part of the main tape-drive system, and 
even the least deterioration can cause 
failure, typically resulting in a tape be-
ing "eaten" by the machine. 
The fabric media used as a carrier is 

also a potential danger to proper VCR 
operation. Video recording equipment 
is specifically designed and manufac-

tured to safely and reliably handle an ex-
tremely thin, polished magnetic tape. 
The introduction of the thicker and rela-
tively coarse fibrous materials employed 
by some wet cleaning systems can put 
unintended stress on the tape-transport 
mechanism and conceivably the fragile 
video heads themselves. 
Compared to the small dimensions of 

the video heads (and especially the 
microscopic gaps in those heads), the 
fiber materials used in many wet clean-
ing systems are relatively large. (See 
Figure 3.) Given these relative sizes, it 
is easy to understand how physical dam-
age can be sustained by the delicate re-
cording heads. 
Finally, professional-quality camcord-

ers and most home VCRs have a dew 
sensor to detect the presence of excess 
moisture and shut off the machine when 
conditions are too moist for safe opera-
tion. In some older VCRs, the dew sen-
sor must be manually reset by a service 
technician, but even in those that auto-
matically reset, the introduction of un-
necessary moisture is not recommend-
ed. Liquid cleaning solutions are best 
left to qualified service technicians. 

Dry/abrasive systems 
Dry/abrasive systems offer a second 

alternative to the consumer. These sys-
tems avoid the problems associated with 
the use of a wet solvent on a fabric and 
are not prone to attack the rubber pinch 
rollers or plastic internal parts of the 
VCR. 
However, although many dry/abrasive 

systems are capable of doing an effec-
tive job of contaminant removal, they 
are often too aggressive and may cause 
premature video head wear. Some of the 
materials used in dry/abrasive cleaning 
systems are equivalent to very fine sand-
papers. The cleaning effectiveness of 
abrasion is clear, but the abrasive na-
ture of the system itself creates the dan-
ger of improper use or overuse. 
In most typical dry/abrasive systems, 

there is no reliable way for the con-
sumer to judge how much cleaning is 
needed or when the VCR's heads have 
been properly cleaned and conditioned. 
As a result, the consumer must make a 
best guess regarding how long to leave 
the dry/abrasive cassette in the VCR. 

Magnetic-tape-based systems 
The third consumer alternative is a 

magnetic-tape-based head-cleaning sys-
tem. The chief advantage of such a sys-
tem is that magnetic tape is the medi-
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urn for which the VCR has been 
designed. It will not cause damage or 
degradation of the VCR's delicate heads 
and internal mechanisms. 
In a magnetic-tape-based video-head 

cleaning system, the level of cleaning 
agents in the tape formulation is in-
creased to produce a head-cleaning cas-
sette. Because the system is based on 
magnetic recording tape, the tape can in-
clude instructions for the user. As the 
system is played in the VCR and the 
heads become clean, a prerecorded vid-
eo message tells the user when the re-
corder heads are clean and the machine 
should be stopped. 
In tests conducted by 3M, testers 

found that with the magnetic-tape head 
cleaner, most cleaning can be accom-
plished within 30 seconds or less. On 
this basis, the consumer can expect 240 
or more cleanings. If all 240 or more 
cleanings were made, head life would 
be reduced by an average of only 2.2% 
on clean heads. 
Because new machines with clean 

heads were tested, the tape would ap-
pear to do less damage in everyday use 

because the tape is not in intimate con-
tact with the record head until the head 
is clean, at which time the tape's 
prerecorded video message alerts the 
user to stop the machine. 
As noted, good- and premium-quality 

recording tapes from most major man-
ufacturers already contain trace amounts 
of head-cleaning agents in their formu-
lations, along with lubricants and other 
necessary additives. This small amount 
of cleaning agent helps keep the video 
heads free of debris during operation 
and under normal conditions. Without 
it, the extremely small head gaps of the 
typical VCR would be subject to fre-
quent clogging. 

The user's responsibility 
In a best-case scenario, a consumer 

using exclusively premium tapes in a 
clean, smoke-free home environment 
could expect a very low incidence of 
dirty or clogged heads. In reality, this 
is almost never the case. More typical-
ly, video recorders are used with a wide 
variety of recording tapes of vastly vary-
ing quality and condition, including 

tapes that may be rented, borrowed and 
of less than good quality. 
Also, most home video equipment is 

not periodically adjusted or maintained 
in accordance with the manufacturer's 
recommendations. The result can be un-
due wear, stress and damage to the thin 
magnetic tapes used in the VCR and, al-
most inevitably, an occasional head clog 
that renders the video heads partially or 
totally inoperable. 
The amount of cleaning agent in 

good- and premium-quality tape formu-
lations does provide a basic form of 
preventive maintenance. It is not in-
cluded in sufficient amount, however, 
to remove more than a small amount of 
contaminants under normal operating 
conditions because too much cleaning 
agent compromises the tapes' recording 
qual ity. 
When problems occur, consumer 

head-cleaning tapes can help keep the 
VCR in operation. However, periodic 
cleaning and adjustment by an electron-
ics servicer should be part of the preven-
tive maintenance for all VCRs, and can 
prevent more costly damage. 
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A VCR repair notebook 
By Victor Meeldijk 

Have you ever faced a VCR with a jit-
tery picture and voices that sound as if 
the actors are gargling while speaking? 
Or have you wrestled with a top-loading 
VCR that doesn't latch closed? Or per-
haps you've been stumped by an 8mm 

Fisher FVH-510 
Problem: jitter 

This Fisher FVH-510. which had 
had its idler tires replaced a few 
months earlier. now exhibited picture 
jitter in playback and the sound was 
slightly garbled (quivering). Audio-
cassette recordings exhibit similar 
problems when the tape warps. but 
the cassette used with the machine 
was not damaged or warped. A 
known-good tape also exhibited pic-
ture and sound jitter. 
For a start, I closely watched the P 

tape transport during play mode to 
see whether any of the tape-guide 
rollers or the pinch roller were stick-
ing or moving erratically. I paid par-
ticular attention to the area near the 
audio/servo head. During this exami-
nation. I noted that a tape guide on 
the left side of the machine was 
vibrating. This vibration did not 
seem to be caused by the tape. 
Closer examination revealed that 
the supply reel was moving slightly 
erratically. Figure 1 shows that this 
tape guide is part of the tension-arm 
assembly and is connected to the 
supply-reel band-brake assembly. 
After six years, the band brake had 
become worn and dirty. and move-

camcorder that seems to work tine when 
you defeat the sensors, but when a tape 
loads, it doesn't move. If you have, that's 
great — you're building a "repair note-
book" for future reference. If you have-
n't built up that kind of experience, here 

are some VCR repair case histories that 
illustrate VCR problems you might run 
into some day. 

Meeldijk is reliability/maintainability engineering man-
ager at Diagnostic/Retrieval Systems. Oakland. Ni. 

Figure 1. A worn band brake causes vibration in the supply reel, which transmits to the 

tape guide and the tape. 

ment of the supply reel during play-
back caused the band brake to vi-
brate. This vibration was transmitted 
to the tape guide and ultimately to the 

tape. 
Replacement details for the band-
brake assembly are explained in the 
sidebar. "VCR band brake replace-
ment." To avoid tension misadjust-
ments. I recorded the position of the 
old band brake by tracing an outline 

of it with a pencil. It was a simple 
matter to quickly adjust the new band 
brake by adjusting it to fit this out-
line. (If the tension adjustment is too 
low, the tape will not be pressed 
properly by the guide and will have 
minimal contact with the erase head. 
If the tension is too high. the supply 
reel movement will be impeded, and 
picture and sound distortion — jitter 
— will result.) 
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I. Remove the two tape-transport cover 
screws, press the cassette eject button, 
and lift off the tape-transport cover. 
2. Press the tape-stage assembly down. 
Pry off and remove the fix washer for the 
hand-brake assembly, visible through a 
hole in the tape-stage assembly (cassette 
holder tray). (See Figure 2 

. With the tape-stage mechanism up, 1 
the free end of the band-bralce assemb 
and move it away from the supply ree 
Push the tape stage back down. 
4. Unplug the VCR  and  turn  it upsid  
down. 

5. Remove the bottom cover. (Remembe 
where each screw goes; they are not al 
the same length.) 

6. CAUTION: ICs on the printed circuit 
board mentioned next are sensitive to 
electrostatic discharge You should wear 

VCR band brake 
replacement 

a grounding wrist strap to perform the 
next operation. lhou don't, be sure not 
to touch the circa!, areas of the cards. 
Locate the eight hold-down screws on 

the circuit board (at the ends and center 
of the board; they are identified by ar-
rows on the circuit board) and remove 
them. As noted before, keep track of 

ift  where each one goes; they are not all the 
ly  same length. 

1.  7. Gently push the circuit card assembly 

back. Using the center metal bar, lift the 
e  printed circuit assembly at the front; it 

will pivot at the rear end of the card. Prop 
r  the card up (a screwdriver can be used 
I  at the left side). 

8. Locate the other side of the band-brake 
assembly (see Figure 3), and trace 

sition. 
around it with a pencil to recor d its po-

Figure 2. One of the steps n the replacement of the band brake 
is to remove  the  band-orake fix washer  through  this  hole  in the  
cassette stage as sembly.   

9. Remove the screw, then lower the cir-
cuit board and hold it in place with one 
screw. Turn the VCR over, press the cas-
sette eject button and remove the old band 
brake. Insert the new band brake and use 
the fix washer to hold it in place. Press 
the tape-stage assembly down and again 
turn the VCR upside down. 

10. Lift and prop up the printed circuit 
board again. Screw the new band brake 
into position, within the outline traced in 
step 8. 

11. Lower and temporarily secure the 
printed circuit board. Turn the VCR over. 
load a cassette and check the VCR oper-
ation. If necessary, adjust the band-brake 
tension. (See the text on page 16 for prob-
lems caused by too high or too low ten-
sion.) lithe tension is properly set, reas-
semble the VCR. 

Figure 3. To make adjustment of the new band brake easier, trace 
the outline of the band-brake assembly on the VCR chassis. The 
new one can be adjusted to that outline. 
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Fisher model 
FVH-510 
Problem: tape 
stage assembly 
won't latch 

The same Fisher model FVH-510 
also exhibited another problem: The 
stage would not always latch closed. 
Again, visual inspection revealed the 
simple cause of this problem: a loose 
screw. (See Figure 4.) The solution 
was easy — tighten the screw — but 
the execution wasn't so easy because 
the screw was impossible to reach 
without a lot more disassembly. To 
tighten a single screw, 18 others had 

Fisher FVH-525 
Problem: 
Inoperable; 
never serviced 
or maintained. 

A 6-year-old Fisher F V H-525 that 
had an estimated 15,000 EP-mode 
hours on it and had never needed re-
pair before had completely stopped 
working. The owner reported that it 
was sluggish in fast forward/rewind 
modes before it stopped working. 
An initial examination of the ma-

chine revealed signs of extensive use: 
the black finish was worn off of the 
cassette stage assembly and the take-
up reel fix washer was missing. The 
machine was very dirty, with dust 
and magnetic tape particles on the 
tape heads. (See Figure 5.) 
When I turned the machine over 
and removed the bottom cover, I 
found not only the reel fix washer, 
but a safety pin as well. Under the 
printed circuit board was a note that 
said, "Do not touch, please." How 
it managed to work itself deep inside 
the machine is a mystery. (The own-
er said later that it was originally on 
top of the VCR to warn people not 
to tamper with the machine while it 
was being used to make a recording.) 

Figure 4. A loose screw in the tape-stage assembly kept the tray from latching properly. 

to be removed (screws that secured  bly had to be lifted to reach this one 
the front of the VCR, the RF assem-  screw. Total repair time was more 
bly and the transport mechanism it-  than an hour. A simple problem, but 
self). The complete transport assem-  tough to repair. 

Figure 5. The dirt on the head drum around the video head and in other areas of the 

VCR suggests that the unit needs a good cleaning. 

After making a physical examina-
tion and removing all foreign matter, 
I reviewed the failure symptoms: 
• play — the cylinder rotated; the 
tape was not drawn out of the cas-
sette, but the loading motor did run. 
The machine automatically went into 

stop mode. 
• fast forward — I could hear the 
loading motor running, but nothing 
else happened. Stop mode didn't 
work, and depressing the power 
switch did not turn the VCR off. The 
cassette eject switch did work, how-
ever, and was not defeated. 
• fast rewind — worked, but it was 
sluggish, with slipping noises. 
The first thing I suspected in the 
failure of the tape-loading mecha-
nism was the motor or the drive belt. 
The motor was running, and the belt 

was turning. However, that doesn't 
necessarily mean the worm gear and 
pulley are turning, so I checked 
them. Touching the pulley confirmed 
that it was stuck. Applying a slight 
force to the pulley caused it to start 
moving. It appeared that the tape-
loading mechanism was stuck be-
cause of the lack of maintenance over 
the years. 
Lubricating the machine (particu-

larly the tape loading arm tracks), 
replacing the idler tires and check-
ing and replacing the other belts and 
pinch roller, as well as cleaning the 
machine and heads, completed the 
repair — a repair that a little preven-
tive maintenance could have prevent-
ed. (For information on replacing the 
idler tire, see "A VCR Repair Case 
History" in the February 1988 issue.) 
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THE 

Canon VM-El Canonvision 8 camcorder 
Problem: tape loads but doesn't move 

Figure 6. The tape in an 8mm camcorder is wrapped around the cylinder and en 
gaged by the pinch roller. 

8mm specifications 
The specifications for the 8mm format 
were agreed upon by 127 electronics 
companies at a conference held in Tokyo 
in 1983. Camcorders were first marketed 
in 1984, and in 1985 more than a million 
pieces of equipment (more than 500,000 
camcorders) were sold. (This format is 
called "8mm" because the tapes used are 
8mm wide.) The other format — VHS-
C — which rivals 8mm for small size, 
uses a length of VHS tape in a smaller 
cassette shell (the TC-20 is 20 minutes 
in SP mode and 60 minutes in EP mode); 

the format was introduced in the spring 
of 1986. 
The 8mm wrap is similar to a reversed 
Beta tape wrap but has less twists and 
turns. Therefore, less strain is put on the 
tape. (See Figure 6). Metal oxide tape 
are used to increase data packing densi-
ty to make up for the smaller tape size 
8mm tapes are designated PX-Y. The P 
stands for metal particle tape: the X dig-
it is either 5 for the PAL system or 6 for 
NBC; the Y digit is the recording time 
in standard play mode. 

This camcorder, a Canon VM-El 
Canonvision 8. was taken to Disney 
World in Florida, where it was hand-
carried out of the plane and in and 
out of air-conditioned vehicles. On 
the day it was used, the temperature 
was 110°, and the tape became stuck 
to the rollers in the transport mech-
anism. The unit was repaired, but it 
was not checked or used for another 
six months, when it failed again af-
ter a few minutes of use. Only a still 
picture was observed in the view-
finder, and the tape did not move in 
any mode of operation. 
The initial observations were as 

tbllows: 
• A small spring was hanging from 
a plastic post opposite the tape sen-
sor LED (as reported by the owner). 

• The tape loaded when inserted into 
the camcorder. 
• The tape did not move in any mode 
but would be pulled back into the 
cassette when the eject button was 
pressed. 
I found that the dangling spring 

was supposed to provide tension for 
the reel brake. If this spring were dis-
connected, it would not stop the tape 
from moving but would result in the 
reel not braking when the stop but-
ton was pressed, according to the 
Canon Service Department. 
I then suspected that perhaps a 

slipping belt might be involved, but 
there are no belts in this very com-
pact unit: motors drive each reel. 
(An 8mm VCR is so compact that it 
has been coupled with a 3-inch LCD 

Battery powered 
InfraRed Detector 

Until now, the only way to test infrared 
emitting devices was with a 
phosphor chip  Until the 
B.I.R.D. The world's first 
handheld,  Battery 
powered, InfraRed De-
tector. This instrument 
is so unique,  it's 
patented!The 
B.I.R.D.  instantly 
recognizes infrared 
light from televi-
sion, VCR, and 
stereo remote 
controls, VCR 
tape stop 
circuits, 

alarm 
perimeter 

detectors, and 
thousands of 
other IR con-
trolled products. 
The B.I.R.D. allows 
you to confirm the 
presence of infrared 
in normal room light-
ing. No longer do you 
need to turn the lights out 
to see the phosphor on an 
infrared detector card. Slim 
one hand operation makes it 
easy to reach IR emitters on 
crowded VCR tape mechanisms. 
The B.I.R.D. will soon become 

one of the most important time saving 
instruments in your tool box. You will 
be able to test your customers' hand 
held remotes in seconds...even in the 

customer's own home! 

CALL TOLL FREE 
FOR COMPLETE DETAILS 

1-800-338-0531 

/8.3 A tifeg  

340 E. First St. 
Dayton, Ohio 45402 
Phone: 513-222-0173 
FAX: 513-222-4644 
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Figure 7. Tape in an 8mm camcorder won't move if the pinch roller doesn't engage. 

screen color TV for a hand-held 
TV/VCR combination that is only 
5" x2.5" x8" (WxDxH) and weighs 
only 2.5 pounds. This unit provides 
a nice contrast to an earlier model 
made for the industrial market in 
1986. In that unit, the 8-inch color 
monitor and 8n.un VCR combination 
weighed 18 pounds without the bat-

teries.) 
When the tape sensor was defeat-
ed (covered with a piece of black 
electrical tape), the reels turned in all 
modes with plenty of torque. (The 
cassette reel locking mechanism 
could not have caused the problem 
because the tape was drawn out of 
the cassette when the camcorder was 

loaded.) 
Looking at the way the tape load-
ed, I found that the right side of the 
tape was not wrapped around the cyl-
inder and that the pinch roller was 
not engaged. (See Figure 7.) The 
pinch roller is mounted on a metal 
semicircle gear. When the tape is 
loaded, the gear rotates the pinch 
roller into place, engaging the tape. 
In this case, the metal gear had dis-
engaged from the plastic drive gear, 
and the improperly loaded tape was 
stalling the reel drive motors. (See 
Figure 8.) 
Disassembling the transport mech-

anism to take out and realign the met-
al pinch roller gear would have been 
a lengthy task because the mecha-
nism is fastened from under the top 
of the chassis. However, the gear is 
just flexible enough that the end of 
the gear can be lifted up and slipped 
over the drive gear to engage it. (This 
flexibility may have had something 
to do with the problem in the first 
place and may have disengaged if the 
recorder received a sudden shock. ) 

Figure 8. The problem with this 8mm camcorder was ultimately traced to a semicircular   metal gear that had disengaged  from  the  plastic  drive  gear.  The  pinch  roller,  which  —  • 

ngagtng the gear allowed the reel  

rotated by the gear, would not  en gage to load  the  tape  properly.  drive  motors  to pull the tape.  III 

is  t 
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 News   
ETA announces convention dates 
The Electronics Technicians Associ-

ation (ETA) has set the 1990 Annual 
Technicians Convention for April 27-28 
in Auburn, IN. The convention is co-
sponsored by the Indiana Satellite Deal-
ers Association and the Indiana Elec-
tronics Service Association. The head-
quarters hotel will be the Country 
Hearth. Other activities will occur at lo-
cations in and around Auburn. 
Technical seminars will cover a range 

of technician interests: VCR repair, CD 
servicing, microwave oven servicing. 
TV shutdown circuits, customer rela-
tions, terrestrial interference, private ca-
ble systems and the SAM school. 
The SAM school, requested by the In-

diana Professional Licensing Agency, 
will allow technicians to qualify for In-
diana's mandatory license to install and 
service satellites, antennas and master 
antenna systems. The 2-day school will 
end with the Indiana License Exam or, 
for those out-of-state, the Certified Elec-
tronics Technicians Examination. 
For more information, contact the 

ETA at 604 N. Jackson, Greencastle, IN 
46135; 317-653-8262. 

Conway acquires Beltron system 
Conway Manufacturing has acquired 

the rights to manufacture the Beltron 
System picture-tube restorer product 
family from Edtron Instruments. The 
purchase involves all patents, copy-
rights, design and manufacturing rights. 
Two new models — an all-electronic 
manual model and a microprocessor-
controlled automatic model — will be 
available from Conway. For more infor-
mation, contact Conway at 8393 Cap-
well Drive, Oakland, CA 94621-2113; 
415-568-5282. 

NAE lists greatest engineering 
achievements 

The National Academy of Engineer-
ing (NAE) has announced what it con-
siders to be the ten greatest engineer-
ing achievements of the past 25 years. 
The achievements are: the moon land-
ing, application satellites, the micro-
processor, computer-aided design and 

manufacturing, the CAT scan, advanced 
composite materials, the jumbo jet, 
lasers, fiber-optic communication and 
genetically engineered products. The list 
is significant for those interested in elec-
tronics because six of the 10 are ad-
vances in electronics, and two others — 
the moon landing and the jumbo jet — 
would not have been possible without 
modern electronics. 
"Taken together, these 10 outstanding 

engineering achievements demonstrate 
how completely new technologies have 
transformed our lives and improved hu-
man welfare in the last 25 years," said 
Robert.M. White, NAE president. The 
NAE plans to mail 20,000 booklets to 
high school students and others to en-
courage young people to consider en-
gineering as a career option. 
Copies of Engineering and the Ad-
vancement of Human Welfare: 10 Out-
standing Achievements 1964-1989 are 
available for $8.95 each. Contact the 
NAE at 2101 Constitution Ave. N.W., 
Washington, DC 20418; 202-334-3313 
or 800-624-6242.  • 

ATTENTION 

TECHNICIANS 

* JOB OPENINGS 

* MONTHLY TECHNICAL 
TRAINING PROGRAM 

* BUSINESS MANAGEMENT 
TRAINING 

* SDC SATELLITE NEWS 

* CERTIFICATION 

* TECHNICAL SEMINARS 

All of this in a nonprofit 
international association 
for technicians 

FIND OUT MORE 
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604 N. Jackson St. 
Greencastle, IN 46135 
1-800-359-6706 

Extend Your Frequency 
Counter Range To 1.3GHz 

Without Extending Your Budget. 
FC130A Frequency Counter 
• .01Hz to 1.3GHz Frequency 
Range 

• 8-Digit LED Display 

• Measures Frequency, Period 
and Rate per Minute (RPM) 

• 10mV Sensitivity (Typical) 

III.. As r..ois Irml wetro..1  Ft 130 A 
,M OVfkl, o-0 .11110 

Beck man Industrial" 
ire of Emerson Elecfr,c Co 

For more information and the location of your nearest authorized 
Beckman Industrial dealer call 1-800-854-2708 (in California 1-800-227-9781). 
Instrumentation Products Division, 3883 Ruffin Road, San Diego, CA 92123-1898 
© 1989 Beaman Industrial Corporation.  Specifications are suhtect to (tha w without II( i( 
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 Business Corner   

Keeping in touch 
By William J. Lynott 

"I am compelled to regard the post of-
fice, next to Christianity, as the right 
arm of our civilization." So said the 
popular American orator, Edward 
Everett, many years ago. 
I ran across that quote recently and 

couldn't help but think that Mr. Everett 
would likely be more restrained in his 
compliments if he were around today. 
The U.S. Postal Service as he knew it 
doesn't exist any more. Still, too many 
service dealers do not fully appreciate 
the business potential of the postal serv-
ice — even with all of its faults. 
The postal service that most of us take 

for granted today is actually a marvelous 
luxury that our early forefathers were 
denied. Direct person-to-person com-
munications of the sort that are handled 
every day by modern postal facilities 
were, in fact, prohibited by law or im-
perial mandate in early civilizations. In 
those days, it was felt that free commu-
nications among ordinary citizens was 
unnecessary — even dangerous. 
Uncle Sam's Postal Service now car-

ries more than 150 billion letters and 
packages annually (more than 700 for 
every man, woman and child each 
year). Despite the occasional mishaps 
that we tend to magnify, the overwhelm-
ing majority of them reach their desti-
nations quickly and safely. 
No, this isn't a plug for your neigh-

borhood post office. It's my way of 
reminding you that direct mail is one of 
the least expensive and most effective 
ways of keeping in touch with your pres-
ent customer base. 
Over the years, I've had the opportu-

nity to design, analyze and otherwise 
work with hundreds of direct mail pro-
motions for many different service com-
panies. During that time, I have come 
to feel strongly that direct mail is not 
a cost-effective way to bring new cus-
tomers into a service firm. This is not 
to say that a professionally prepared 
mail promotion will not produce any 

Lynott is president of WI Lynott. Associates, a man-
agement consulting firm specializing in profitable serv-
ice management and customer satisfaction research. 

new customers, only that the results will 
not justify the time and money invested 
in the project. In other words, that part 
of your budget intended to find new cus-
tomers will be better spent elsewhere. 
When it comes to staying in touch 

with present customers, however, there 
may be no better tool than direct mail. 
It's an effective way to let them know 
you appreciate them, that you want to 
keep their patronage, even that you have 
a special offer exclusively for them. 
But why all the fuss over old cus-

tomers? After all, they're already your 
customers. 
The answer to that question is easy: 

llordes of customers 
leave servi  yea 

ce 

tmsinesses every  r 
simply because tlie 
have been offended 
by the lack of 
interest shown to 

then. 

Industry studies show that finding a new 
customer for a business costs up to 20 
times as much as keeping an old one. 
With that kind of arithmetic, it makes 
sense to do everything within reason to 
keep a customer comfortably in the fold 
once that customer has been found. 
Although it's true that some of your 

customers will die or move away each 
year, it's also likely that some will leave 
you simply because they have been 
romanced away by a competitor. You 
can't do anything about the former, but 
if you let the latter happen, shame on 
you. You may be smart enough to love 
your customers dearly, but your affec-
tion may be wasted if you're not care-

ful to communicate it clearly. The fact 
is that hordes of customers leave serv-
ice businesses every year simply be-
cause they have been offended by the 
lack of interest shown to them. 
So why not do the obvious? Why not 

spend a small amount of time and mon-
ey to let your customers know you ap-
preciate them enough to keep the flame 
alive? 
Sound like a big job? Not at all. The 

U.S. Postal Service makes it easy and 
inexpensive. 
Ordinarily, I would advise you against 

the use of post cards in a direct mail pro-
gram — they're too small to carry a con-
vincing sales message. However, when 
it comes to keeping in touch with exist-
ing customers, post cards can be a high-
ly effective medium. Existing customers 
don't need to be given a lot of back-
ground on your company; they already 
know you. Therefore, the full space on 
a post card can be used to get right down 
to the business at hand. 
I can still remember a post card I 

received from a local service company 
many years ago. It went something like 
this: 
"Dear Customer: 
Just a line to let you know that we 

here at XYZ Service Company appreci-
ate having had the opportunity to serve 
you in the past. Our customers are very 
important to us, and we're anxious to 
stay in touch. 
As a little token of our appreciation, 

we will accept this post card as $10 to-
ward the cost of your next service call. 
It's good for up to one year from the 
postmark date. This offer is valid only 
to our present customers. It is not ex-
tended to anyone else." 
How would you feel about a compa-

ny that sent you a message like that? 
How I felt is evident from the fact that 
I still remember it after all those years. 
That's the way people are. A little in-
terest goes a long way. 
Your customer list is probably the 

most valuable asset in your company. 
Don't let it wither and die from lack of 
a little attention.  • 
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 Books/Photofact   

50 Powerful Printed Circuit Board 
Projects; by Dave Prochnow; TAB 
Books; 210 pages; $15.60 
paperback, $23.95 hardbound. 
This book gives intermediate-to-

advanced electronics hobbyists ready-to-
prepare PCB templates for building 50 
different digital projects. Each project 
includes a schematic diagram, parts list, 
and PCB template. Two appendices 
provide pinout diagrams and list manu-
facturers' addresses for obtaining the 
ICs and products described in the book. 

TAB Books, Blue Ridge Summit, PA 17294-0850; 

717-794-2191. 
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MOVING? 
TAKE US WITH YOU. 

Just peel off your sub-
scription mailing label 
and attach it to the 
address change card 
inside this issue. Please 
allow 6-8 weeks to 
process your address 
change. 

R5861AAC01, R5862APCO MPE01. 
R5865TAK01/2/3/4. 

R5870TAK01/2/3/4, R5872TPE01, 
R5880WAK01/2/3/4, 

R5882WPE01/2/3/4, R5884WPE01, 
R6852TPE01/2, R6860WAK01, 
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36/37/46/52/56/62) 

Quasar 
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RCA 
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G27140TNK01, G27143TNC01, 

Continued on page 58. 
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N E S D A 

Plug in! 
To the NESCIA system. 
YOUR BUSINESS is in the world's fastest changing 
industry.  If you're not careful, you could find 
your business in the dark. 

But, you don't have to stay there. 

Through a system of local, state, and regional groups, 
the National Electronics Sales & Service Dealers Assn. 
INESDAI keeps members up-to-date with the fast pace 
of advancing technology while offering: 

• Managerial and technical training. 
• Business contacts. 
• Technical and management certification. 
• Information on new products. 
• Legislative activities that affect the industry. 

Don't be left in the dark. Let the NESDA system work 
FOR YOU! 

For more information and an application, write to: 
NESDA, 2708 W. Berry St., Ft. Worth, TX 78109; Ph (817) 921-9061 
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Address   

Slide   Zlp   Phone 

Member of State 0 Local 0 Assn 
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Test your 
electronics 
knowledge 
By Sam Wilson, CET 

I. Which of the following is a meas-
ure of power? 
A. ergs 
B. joules 
C. joules per second 
D. erg-seconds' 

2. +3dB corresponds to doubling 
power. An increase of +6dB cor-
responds to 

Wilson is the electronics theory consultant for ES&T. 

A. doubling the voltage. 
B. increasing the voltage by 25%. 
C. multiplying the voltage by four. 
D. multiplying the power by eight. 

3. The power dissipated by a certain 
200 resistor is 4W. What voltage is 
across the resistor? 
A. about 5V 
B. about 9V 
C. about 12V 
D. about 27V 

4. The two capacitors in the circuit 
shown in Figure 1 have voltage rat-
ings of 100V each. Is there an excess 
voltage across each capacitor? 

5. Refer to the crystal radio in Fig-
ure 2. The radio is tuned by the com-
bination of L and C. In this circuit, 
L and C are in 
A. series 
B. parallel 

6. The voltmeter in Figure 3 has a 
resistance of 10MS/. The voltage 
reading should be about 
A. 33.33V 
B. 50V 
C. 66.33V 

7. In the circuit shown in Figure 4, 
what is the impedance seen by the 
generator? 

8. The dc resistance of a transform-
er primary winding is measured with 
an ohmmeter. The value is 1.80. The 
dc resistance of the secondary wind-
ing is measured the same way and is 
0.99. Can you determine the turns ra-
tio of the transformer? (N/N = ?) 

9. The physical length of a hertz an-
tenna is about 
A. 5% less than its electrical length. 
B. 5% greater than its electrical 
length. 

10. The period (T) or time for one 
cycle of a pure sine wave is 0.001 sec-
ond. Can you find the second har-
monic frequency of this waveform? 

Answers are on page 37 
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Answers to the quiz 
Questions are on page 24. 

1. C — Power is the rate of doing 
work or expending energy. 

2. A — The 3dB power and 6dB volt-
age values are convenient ways of 
remembering decibel relationships. 

3.  B —  P=V2/R, so V=NrPTR = 
4(4)(20) = -ail The square root of 
81 is 9, so the answer will be about 
9V. 

4. Yes. The higher voltage will be 
across the lower capacitance value: 

V2 =V1xCl/(Cl+C2)= 
175 x 0.01/(0.01+0.001)=159V 

That is greater than the voltage rat-
ing of the capacitor. 

5. A — The voltage induced in L is 
in series with the windings. Anoth-
er way of looking at it is that a series-
tuned LC circuit passes one narrow 
range of frequencies and rejects all 
others. That is the purpose of the 
tuned circuit in the radio. 

6. B — 50V. It is a simple series/par-
allel resistor circuit. You are finding 
the voltage across the meter. The par-
allel resistance of the resistance be-
ing measured and the meter's inter-
nal resistance is equal to R1, so half 
of the applied voltage will be across 
it. 

7. 1,2000. The turns ratio (N1/N2) 
equals 

V1/V2=120/6=20/1 

Zl/Z2=N12/N22=(20)2/(1)2 
Z1=Z2 x(20)2=3 x(20)2=1,20011 

8. No! The wire size of the primary 
is surely different than the wire size 
of the secondary winding. Therefore, 
the resistance ratio is not the same 
as the turns ratio. 

9. A — less than. The equation is dis-
tance = rate x time. The distance 
in this case is the length of the an-
tenna. However, the rate of wave 
travel is slower in the antenna metal 
than in air, so the physical antenna 
length will be less than the electri-
cal length. 

10. No! A pure sine wave has no har-
monics. 
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Servicing Zenith microcomputers 
Part VII: The video card 
John 1. 1(41, 

Most of us have made a living servic-
ing and installing video products that 
range from TVs to satellite TV 
receivers. Because a microcomputer 
system includes a video display moni-

Ross is a technical writer and a microcomputer consul-
tant for Fort Hays State University. Hays. KS. 

,Ijk _  111,_ 
II---_----., = 
, 1111 /10,000$ ..:-. 

tor and video output circuitry, this ex-
perience pays off when you are servic-
ing microcomputers. 
As with the other cards in the 

microcomputer, the floppy con-
troller/video output card requires a bus 
interface. This article will only be con-
cerned with the portions of the interface 

that directly affect video. These connec-
tions allow communication to take place 
between the central processing unit and 
the video card through the system in-
put/output lines. In addition to the bus 
interface, the video portion of the card 
includes a CRT controller, with associ-
ated buffers and latches; video RAM 
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ICs and video RAM multiplexers; and 
data latches. Other circuitry on this card 
seems more familiar to the video-
oriented technician: video timing and 
control circuitry, video enhancement 
and synchronization circuitry, and vid -

eo output circuitry. 
Figure 1 shows a diagram of the flop-

py controller/video output card. Shad-
ed sections designate circuitry only used 
in the floppy disk controller portion of 
the card. As with the other cards in the 
Zenith system, the video card has a 
backplane edge connector that provides 
a connecting point for several different 
signals. Capacitors C362, C364 and 
C363 and inductor L301 filter and 
decouple the +5Vdc voltage from the 
system bus. This voltage becomes the 
operating supply voltage for the video 
output transistors and transistor-
transistor logic devices located on the 
card. 
U348 acts as a data transceiver and 

determines whether the data, found on 
lines DO through D7, should go to the 
card from the system bus or from the 
video I/O channel bus, consisting of 
lines DBO through DB7, to the system 
bus. A signal from pin 15 of U338, the 
PAL address decoder, establishes the 
direction in which the data should trav-
el. When this signal, called the XCVRD 
signal, goes to a digital active low state, 
the data transfers from the card databus 
to the system databus. When the 
XCVRD signal goes to an active high, 
data transfers from the system databus 
to the video databus. 
After the data flows onto the video 

databus, it arrives at the CRT controller 
IC, U325. Data signals are used by 
U325 to interface the controller with the 
system microprocessor, the video R A M, 

character generator logic and the mon-
itor. Figure 2 shows a diagram of the 
CRT controller and the associated sig-
nals. Some of these signals — chip se-
lect, register select, read/write, enable, 
clock and reset — provide communica-
tion between the card and the system. 
Within the IC, 19 registers define the 
display and control parameters of the 

0'0-g 

lif=u)(2 
0 c.f 

U  o W  

V'EcEn 

OCI.C4r1 

VIDEO PORT  SERIAL PORT 

0 0) 
0 1 

7 O. —. 

O 2  rn0 

— 

— 

-L 

g  cc 

88  
36." 

0 0 a) 

us 
i— Cr  ).  

so 4 US 

2tE  2 .. 0 
' Irso  -- 0 s-

ss. 

E n 
es 2 
<, 0 
cc 
c, 

AL 

0, 1.0 
LL 

0 0 
LL. 

AIL 

- 
e. 
'C O 
0 0 

I _ 

INTERRUPTS 

.1877) 

ZOO 
'flY  ECCul 
(..) 

'Crg  L'S 

FLOPPY/VIDEO CARD 
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monitor. Configuration through soft-
ware applications sets the hexadecimal 
addresses for the registers. 
One group of the internal registers 

sets the horizontal format and timing 
parameters. Another group sets 
parameters for the vertical format and 
timing. These parameters combine to 
determine the horizontal and vertical 
sync frequencies. Horizontal sync pulse 
duration varies with the type of moni-
tor used as a display device. 
The total number of displayed and un-

displayed characters minus one, defined 
as a character clock, determines the hor-
izontal sync frequency. Each horizontal 
sync pulse refers to the left-most charac-
ter position displayed on the scan line. 
You can adjust the horizontal sync pulse 
duration within a range from one to 16 
character clocks. Again, this adjustment 
sets the horizontal pulse duration for a 
designated monitor. Vertical sync pulses 
always have a duration of 16 scan lines. 
Each vertical sync pulse uses the top-
most character position on the screen as 
a reference point. 
Monitors, like TVs, require standard 

horizontal and vertical synchronization 
signals for display stability. Listed at pin 
18 of the controller, the display enable 
(DISPEN) signal goes to a digital active 
high state when a video signal at the 
CRT becomes active. The DISPEN sig-
nal acts as a video blanking signal be-
cause it goes to an active low state dur-
ing vertical and horizontal retrace. Even 
though the vertical and horizontal sync 

signals seem to come from internal 
registers of the controller, sync prob-
lems may arise from other trouble 
sources. 

Troubleshooting spie problems 
Incorrectly setting jumper 302 on the 

video card can cause the starting charac-
ters on the left side of the raster to dis-
play off the screen. Figure 1 illustrates 
possible positions for all jumpers. Aside 
from the jumper, a defective U341 quad 
multiplexer may produce similar prob-
lems. Furthermore, an incorrectly posi-
tioned jumper 305, a defective U340 hex 
inverter or a bad U349 hex inverter buff-
er may cause the loss of horizontal sync. 
Incorrectly set jumpers 302, 303 and 
313 can cause a loss of vertical sync. 
More than likely, the video will either 
roll or have poor linearity. A defective 
U340, U341 or U349 can cause the 
same symptom. In all instances, also 
suspect the CRT controller and the vid-
eo gate array. 
Other registers establish cursor char-

acteristics and the addresses for the 
screen memory. Changes of these 
registers allow scrolling of raster con-
tents or positioning of the cursor on the 
screen. In addition, these registers es-
tablish whether the cursor will blink or 
move. At pin 56 of the controller, the 
cursor-enable (PCURSOR) signal exists 
as a result of the register settings and 
allows the definition of the cursor on the 
screen. Finally, one other set of 
registers, called the top-of-page 

registers, define the screen-memory ad-
dress that contains the displayed first 
character of the top-left corner of the 
raster. 
Screen memory and character gener-

ation require two sets of signals. Lines 
MAO through MA13 serve as screen-
memory address-output lines. These 14 
lines let the controller address the 
16kbytes of video memory. Lines RAO 
through RA4 work as the raster-address 
signals for character generation logic. 
Character generator logic determines 
which scan line of a character row func-
tions. Scan line counts range from zero 
to 31 per character row. Each scan line 
count becomes a part of the horizontal 
sync rate. 

The video controller gate array 
The video controller gate array con-

trols many different tasks, such as vid-
eo synchronization and control, mul-
tiplexing, decoding and timing. Figure 
3 shows a block diagram that illustrates 
the various signal paths used during the 
gate array operation. Aside from show-
ing the signal paths, the diagram also 
gives a good representation of how the 
entire video circuit works. Not surpris-
ingly, when you troubleshoot the vari-
ous fault symptoms associated with the 
video section of the card, the gate ar-
ray usually becomes a likely culprit. 
The gate array works more efficiently 
and effectively than the standard ICs 
used in earlier video cards. Figure 4 il-
lustrates the signals found at each pin 
of the gate array. Again, internal circuit 
actions define system parameters. Us-
ing data found on the system bus, the 
gate array configures the video I/O ports 
of the floppy/video card. This option es-
sentially gives the user the choice be-
tween medium or high resolution, mon-
ochrome or color, enabling or disabling 
a video interface and the intensity of 
background colors. 
Because some modes of operation 

provide 16 foreground and eight back-
ground colors, the user can also decide 
whether to define screen borders or en-
hance screen characters. Monochrome 
operation allows reverse video opera-
tion, blinking and highlighting of a de-
fined character. Figure 5 lists the modes 
made available to the user by the video 
gate-array action. All of these options 
become possible as the internal databus 
of the gate array reads character and at-
tribute bytes. However, several individu-
al ICs may produce color-display 
problems. 
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Mismatched colors and lowered in-
tensity defects can be caused by the dual 
4-to-1 multiplexers, U327, U334, U333; 
the video RAMs; resistor pack RP306; 
the CRT controller; the tri-state buffer, 
U345; an octal flip-flop, U330; or the 
quad multiplexer, U342. Problems with-
in U326, U327, U330, U333 and U334 
may show up as incorrect background 
colors. Once again, there may be other 
causes of these symptoms, so also look 
at the CRT controller, the video gate ar-
ray and the video RAM ICs. After mul-
tiplexing, the character output byte and 
the attribute byte are loaded into their 
respective character- and attribute-
serialization registers. 
Many possible symptoms are caused 

by this part of the video circuitry. A bad 
CRT controller may keep the cursor 
from blinking. In the graphics mode, 
defects in U326 and U327 (dual 4-to-1 
multiplexers), U324 and U325 may 
cause the loss of video dots. Malfunc-
tions in U330 (an octal flip-flop), the 
video RAM ICs and U334 (a dual 4-to-
1 multiplexer) cause the display of the 
wrong data in the graphics mode. Oth-
er problems involve the display of ran-
dom characters and attributes across the 
raster. Internal defects in U319 (an 8-bit 
latch), U323, U326, U327, U328, U330, 
U333, U334 and the video RAMs also 
will cause this problem. A white raster 
or a wrong font displayed points to 
switch 301 along with the same areas 
that may cause the random character 
symptom. Again, don't forget the ma-
jor roles played by the CFtT controller 
and the video gate array. 

The video RAM 
Another section of the floppy con-

troller/video output card, the video 
RAM, stores the attribute and charac-
ter bytes. Video RAM address bytes are 
derived from multiplexing signals on 
MA! through MA10 from the controller 
and the TO, T1, VA11 and VA12 signals 
from the gate array with signals from 
the main address lines (AO through 
A13). As the NRFSH or refresh signal 
at pin 18 of U335, an octal buffer, goes 
to a digital active low, the multiplexed 
output of U326, U327, U333 and U334 
supply two bits of data to the video 
memory AO through A7 address bus. 
Each video RAM latches onto an ad-
dress byte when the row-address select 
signal at pin 20 of the gate array goes 
to an active low state. When the column-
address select signal at pin 3 of U353 
(a quad positive OR gate) becomes ac-
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Figure 3. The video controller gate array controls many different tasks, such as video syn-
chronization and control, multiplexing, decoding and timing. This block diagram shows the 
various signal paths used during the gate array operation. 

tive, the video RAMs latch onto a sec-
ond address byte from lines VMA1 
through VMA6 of the video memory 
address bus. Character and attribute 

data bytes are stored at the addressed 
memory location. 
The video data RAM devices work in 

a manner similar to the data RAMs seen 
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Figure 4. This diagram shows the signals found at each pin of the gate array. 

in earlier articles. The same cycles 
called read, write and refresh occur in 
video RAMs, as in data RAMs. Two 
ICs — U331 and 332 (see Figure 1) — 
make up the 16kbyte storage banks. Two 
different video display modes, graphic 
and alphanumeric, cause the video 
RAM circuitry to function in different 
ways during the read cycle. A display 
of graphics causes the allocation of 16K 
of video RAM space. Because the gate 
array must decide whether a displayed 
pixel has turned either off or on, the gate 

array directly reads both bytes of data. 
A loss of video RAM output data im-
plicates the CRT controller, the video 
RAMs, U326, U327, U330, U333 and 
U334 as possible trouble sources. 
During the display of alphanumeric, 

8K of RAM is available for attribute 
storage; 8K stays available for charac-
ter storage. During the read cycle for al-
phanumeric data, both video RAMs al-
ternately output two bytes of data. One 
byte acts as attribute data byte and is 
directly read by the gate array. This hap-

pens when the write-enable signal at pin 
11 of U318, a quad NAND gate, goes to 
an active high state and the RAMG sig-
nal from pin 5 of the gate-array goes to 
an active low state. A digital active low 
RAMG signal causes the tri-state buff-
er, U330, to transfer data from the vid-
eo RAM data lines to the gate array 
databus during the read cycle. When the 
ROMG signal becomes active, the oth-
er byte addresses the character genera-
tor read-only memory, which supplies 
a character data byte to the gate array. 
Both the write and refresh cycles re-
main the same for either the alphanu-
meric or graphic mode of video display. 
With the memory-write signal at pin 2, 
U340 (a hex inverter) drives the signal 
at pin 11 of U318 (a quad NAND gate) 
to a digital low state. This action pro-
vides a write-enable signal for the vid-
eo RAMs. The digital active low state 
at pin 18 of U318 turns on the tri-state 
buffer, U329. Data is transferred from 
the gate array databus to the video data-
bus. Looking back at the data RAM ar-
ticles, you will find that a refreshing of 
data stored in the memory locations pre-
vents the loss of that data. NRFSH sig-
nal pulses from pin 16 of the gate array 
flow to pin 4 of U318 and to the video 
RAM multiplexers. A low NRFSH sig-
nal sends the signal at pin 6 of U318 
high. With the resulting digital high lev-
el at pin 6, the binary counter, U336, 
supplies the tri-state buffer, U337, with 
a byte of data. All this means that a spe-
cific row within the video RAM has 
been addressed. The row-address strobe 
(RAS) signal at pin 20 of the gate array 
goes to an active low state and refresh-
es the designated row of data. 
Any discussion of vertical and hori-

zontal sync, character attributes and 
modes of video operation leads to the 
familiar-looking video output section. 
Once again, the gate array plays a ma-
jor role. RGBi signals from pins 40, 41, 
42 and 43 of the gate array feed data into 
a multiplexer found at U342. When the 
video-select signal (VSEL) at pin 53 
goes to a digital active high state, the 
multiplexer outputs the RGBi signals. A 
digital high VSEL signal also causes the 
horizontal and vertical signals found at 
pins 45 and pin 44 of the gate array to 
output from U341, a multiplexer. 
After U345 buffers and drives the 

RGBi signals to the monitor connector, 
a resistor pack designated as RP306 
converts the signals to an analog level. 
Those signals, seen in different combi-
nations by the base of Q301, change the 
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Alphanumeric text (monochrome or color) 

40 characters per line by 25 lines per screen 

80 characters per line by 25 lines per screen 

Notes: 
• In monochrome text mode, reverse video, blinking and highlighting are 
available. 

• In color text mode, sixteen colors are available. 
• The character generator can generate 256 different characters in 2 fonts. 

Color graphics 

Medium resolution (monochrome or color): 
200 rows of 320 pixels defined 
40 characters per line by 25 lines per screen 

High resolution (monochrome only): 
200 rows of 640 pixels defined 
80 characters per line by 25 lines per screen 

Notes: 
• One pixel is one picture element, or one definable position on the video screen. 
• Available colors: 
foreground: cyan, magenta, white, green, red, brown 
background: sixteen text colors (black, blue, green, cyan, red, magenta, brown, 

light gray, dark gray, light blue, light green, light cyan, light red, light magenta, 
yellow, white) 

Figure 5. Some modes of operation provide 16 foreground and eight background colors. 
Monochrome operation allows reverse video operation, blinking and highlighting of a de-
fined character. 

bias voltage of the Q301 base. A change 
in the bias voltage produces video step-
ping voltages at the emitter of Q301. If 
no RGBi signals arrive from the mul-
tiplexer, pin 8 of U346 goes to an ac-

tive low and cuts off transistor Q301. , 
This action causes blanking of the vid-
eo signal. Potentiometers R319 and 
R320 adjust the peak-to-peak voltage at 
the base of Q301 and vary the video 

contrast and black level. 
U346 acts as an OR gate and sends 

the horizontal and vertical signals to 
U349, where the inverted signals be-
come the composite horizontal/vertical 
signal. A composite signal adds syn-
chronization between the horizontal and 
vertical retrace and the video output sig-
nals. During retrace, the composite sig-
nal becomes a part of the composite vid-
eo signal. If the monitor displays no 
composite vertical or horizontal sync, 
look at jumpers 302, 303 and 305. 
Along with the possible jumper settings, 
consider a defective U341, U346 (a quad 
OR gate) and U349 as probable culprits. 
With no retrace action, the composite 
RGBi signal, seen at the emitter of 
Q301, is applied to the base of both 
Q302 and Q303. Output voltages at the 
emitters of Q302 and Q303 provide 
composite video signals to the monitor 
connector, P305. 
All the circuit operations combine to 

produce a display on the monitor. Com-
ing from an earlier 150-series 
microcomputer, the display resolution 
has some limitations. Currently, the en-
hanced graphics adapter and video 
graphics adapter (both offer higher pixel 
resolution and increased color options) 
have replaced the color graphics adapt-
er as a standard. Nevertheless, the flop-
py controller/video output card stands 
as a good model for microcomputer vid-
eo circuitry. Nationwide, many CGA 
adapters remain in use. When we look 
at monitors, we will also take a more 
detailed look at the characteristics of the 
EGA and VGA cards.  • 

STOP NEGLECTING YOUR VCR's 

Tape Tension Gauge 

Mechanical problems in VCR's cause approximately 75% of VCR 
malfunctions. Adjustments are necessary to keep your VCR equip-
ment operating properly. Tentel gauges can help! They allow 
technical measurements to be made, even by non-technical people. 

Tentel covers the entire mechanical performance of VCR's with easy 
to use, universal tools. These gauges are a MUST if your job includes 
VCR repair, and many non-technical users merely want to set up an 
effective preventative maintenance program. 

Call now and find out how these four gauges can perform 28 critical 
measurements, including hold back tape tension, elevator latching, 
spindle height, guide height, various tape handling torques, video 
head tip wear and others, to help maintain or repair your VCR's. 

Tentel® Corp. 
1." fib 4475 Golden Foothill Parkway 

Dial Torque Gauge  El Dorado Hills, CA. 95630 

(800) 538-6894 
In Calif. (916) 939-4005 

Circle (17) on Reply Card 
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Surviving success: 

Software for managing your shop 
By Conrad Persson 

If your business takes off, are you prepared for more 
customers, more employees, more paperwork? Management 
software can help you stay on top of that mountain of 

paperwork. 

Success. Everyone dreams about it; 
everyone wants it. The only problem is 
that when success comes in a small 
business, many of the people who 
dreamed about success are not ready for 
it. In fact, some companies never sur-
vive success. Sounds paradoxical, but 
in many cases it's true. 
The problem with success is that 

companies expand beyond 
the ability of the prin-
cipals to manage 
everything. Such 
is the case with 
consumer 
electronics 
servicing fa-
cilities. Suc-
cess means 
there  are 
dozens of 
defective 
products in 
the shop in 
various stages 
of repair: Some 

just taken in, some 
just put on the bench, 

some waiting for parts, 
some waiting for service infor-

mation, some finished but on burn in. 
Now, when some impatient customer, 
who may be the source of a lot of busi-
ness in the future, calls in to inquire 
about his set, what do you do? Do you 
try to find the records? Do you scour 
the shop to see where it is, only to find 
that the tech who's working on it is out 
to lunch or sick that day and you have 
no idea what the story is? Or do you 
have perfectly kept records that tell ex-
actly where the set is, what condition 
it's in and when it should be ready to 

Persson is editor of ES&T. 

return to service? 
Think about all of the paperwork that 

has been generated by those sets: cus-
tomer order form, work order, order for 
parts. How do you keep track of it all? 
Some service shops do it very well. 

Individuals who have good managerial 
and administrative skills set up elaborate 
tracking and recording systems and are 
able to stay on top of everything. Un-
fortunately, many servicing technicians 
who have become shop owners are great 
servicing technicians, but lousy 
managers and administrators. It's not 
something to be ashamed of; the world 
needs good technicians and not every-
one is cut out to be a perfect manager. 
However, it could spell trouble for the 
management of the shop. 

The computer as manager 
As the world has become more com-

plex, technology has developed products 
to help us handle that complexity. One 
of the most important tools of today is 
the personal computer. All kinds of bus-
inesses are finding that computers can 
help with the day-to-day administrative 
chores. Spread sheets were one of the 
first classes of programs to really make 
the computer a useful tool for the small 
business owner. The user can perform 
masses of calculations and perform 
"what if' comparisons. 
Since that time, programmers have in-

troduced a number of good word pro-
cessor programs that reduce the chore 
of preparing correspondence and, in 
some cases, virtually automate the 
preparation and mailing of letters and 
other paperwork. 
Another class of computer software 

that provides support for the servicing 
facility in just about every aspect of the 
business is service facility management 
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software. With one of these packages, 
you enter the customer's information 
and the nature of the problem with the 
product. If this is a repeat customer, you 
may just have to type in his phone num-
ber, and the rest of the information is 
brought up automatically from the com-
puter database. 
One of the companies that offers this 

type of software, Automated Systems, 
has an office just a few miles from the 
ES&T offices, so recently we paid the 
company a visit. Here's a rundown of 
the features of its software product. We 
assume that the features of any of the 
other software products listed in the ac-
companying list of companies will be 
generally similar to the features de-
scribed here. 
Our use of this particular software to 

describe features of service management 
software is not an endorsement of the 
product, merely an example with which 
we have become familiar. Because soft-
ware such as this can vary considerably 
in its usefulness, depending on the part-
icular needs and management style of 
the managers, we recommend that be-
fore you make a commitment to pur-
chase such a system, compare the fea-
tures and ease of operation of several 
packages. 

Job tracking/scheduling 
As the customer's job information is 

entered into the system, the computer 
automatically creates a job ticket and 
stores the information. The software 
helps the servicer in several areas: 
• You can more easily handle customer 
telephone inquiries. You enter the cus-
tomer's phone number or name and the 
job information appears on the screen. 
• You can access a job's current status 
by supplying the appropriate code num-

ber. You have several options on how to 
access the information: by a customer's 
phone or I.D. number, or by a job, deal-
er or bill-to number. 
• You can get detailed job-status infor-
mation, such as which jobs are complet-
ed, which are in progress, what parts 
are on back order, the date back-ordered 
parts are received, and which jobs are 
waiting for approval of the estimate. 
• You can maintain a history of each unit 
by serial number or by customer 
number. 
• With bar-code technology, you can 
speed up service and minimize opera-
tor errors. If you need to add parts to 
a job or change the job status, you can 
scan the bar code printed on the job 
ticket. 
When it's a field job, these features 

are added: 
• Time increments defined by the user 
allow you to use 15-, 30- or 60-minute 
time increments on job-scheduling 
tables. 
• A summary schedule lets you see the 
day's schedule. 
• You can schedule by territory. 
• A printout of technician routing sheets 
and a management summary sheet can 
be output. 

Inventory management 
The inventory program gives you the 

individual parts movement by the 
month, plus cross-reference data, 
prices, quantity and a re-order report. 
By checking the movement record, you 
can adjust quantities ordered to make 
sure you have adequate inventory of 
parts without being stuck with a large 
inventory of slow-moving parts. By cou-
pling this information with manufactur-
er's shipping time, you can order re-
placement parts early enough to cut 

down on back orders. 
This parts module allows you to put 

together detailed information on parts, 
such as the location and manufacturer 
of parts, the vendors you buy from, the 
number of parts on order, the last and 
average costs, quantities in stock, mul-
tiple price levels and generic part num-
bers. It also allows you to maintain a 
history of part usage and to charge out 
parts to jobs by entering the part num-
ber. When parts charged to jobs are not 
in stock, the system automatically cre-
ates or adds to purchase orders. 

Invoicing 
There is room for 576 repair descrip-

tions for each type of product repaired. 
All repair descriptions and labor pric-
ing are entered ahead of time. The in-
formation is then on record and can be 
pulled up and printed on invoices. For 
example, if a customer brings in a VCR 
for general maintenance, the user could 
make a number selection on the com-
puter to print out a standard repair 
description of the work to be performed 
and the labor prices. 
The software prints customer and 

standard NARDA invoices, and can au-
tomatically print post cards informing 
customers of the status of their units. 

Warranty and service literature 
The software can be used as an index 

to where service literature is stored in 
your shop. Once you describe where 
servicing literature for a particular mod-
el of product is stored (file cabinet A, 
drawer number 2, for example), that in-
formation will appear automatically on 
job orders for that model, so the tech-
nician who has been assigned the job 
doesn't have to search for it. 
When service literature information 
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is entered, technicians can look up 
where to find manufacturer's literature 
or service tip literature. If the literature 
has been checked out, it lists the date 
and the name of the technician who 
checked it out 
Once warranty information is en-

tered, the program allows access to 
manufacturer warranty policies (such as 
warranty exclusions, warranty lengths 
and labor rates) and the manufacturer's 
address, telephone number and contact 
people. 

Cash receipts 
Cash, charge and received-on-account 

payments can all be handled from the 
front counter. With bar-code capabili-
ty, you scan the invoice to bring the job 
on to the screen and enter the amount 
of payment. The computer does the rest. 
including figuring the balance due. 

Codes and tables 
User-defined codes and part-pricing 

tables let you customize your system and 
speed up data entry. The technician 
presses a special key to see the list of 
possible code entries. They include 
codes for unit types, brands, manufac-
turers, technicians, job status (such as 
"parts on order" or "estimate ap-
proved"), shipping (how a customer 
wants a unit returned), sales taxes, and 
vendors. 

Forms and reports 
A service management software sys-

tem can save you time and money in 
several ways by doing much of the 
paperwork for you. First, a valuable 
technician will have to take less time 
away from repair work to do paper-
work. Second, you only have to enter 
the customer data once. After that, the 
computer will automatically generate 
the information in the proper format to 
match your different forms. Finally, the 
various computer-generated reports al-
low you to see where your money is go-
ing and how fast. The following are 
some of the forms and reports available: 
• Management reports, which can show 
you the daily work in process, work that 
is completed but not picked up, which 
units were worked on by a particular 
technician, and technician productivity. 
• Job tracking/scheduling reports, in-
cluding routing sheets and job tickets. 
• Warranties and service literature lo-
cation reports. 
• Inventory management reports, in-
cluding purchase orders, parts that need 

Service management software 
companies 

Active Software 
1208 Apollo Way, Suite 507 
Sunnyvale, CA 94086 
408-732-1740 

America West C&E 
311 Washburn Drive 
Rock Springs, WY 82901 
307-382-5663 

Applied System Technologies 
350 S. Main St. 
Doylestown, PA 18901 
215-345-1111 

Automated Systems 
P.O. Box 6142 
4827 Pioneers Blvd., Suite 100 
Lincoln, NE 68506 
402-489-2717 

C&L Computer Consultants 
205 Regency Executive Park Drive, Suite 
306 
Charlotte, NC 28217 
704-521-8113 

Computer Transaction Systems 
58 Lochmere Ave., P.O. Box 56 
North Weymouth, MA 02191 
617-331-6968 

Core Software 
26303 Oak Ridge Drive 
Spring, TX 77380 
713-292-2177 

The Data Group 
77 S. Bedford St. 
Burlington, MA 01803 
617-272-4100 

Image Network 
2001 Ruppman Plaza 
Peoria, IL 61614 
309-679-4233 

Magic Solutions 
610 Vermeulen Place 
Franklin Lakes, NJ 07417 
201-891-6383 

Mini Computer Software Specialist 
200 Executive Drive 
Brookfield, WI 53005 
800-543-2130 

National Electronics Sales and Service 
Dealers Association 
Service Control System II 
2708 W. Berry St. 
Fort Worth, TX 76109 
817-921-9062 

Ogment Group 
P.O. Box 781 
Lafayette, CA 94549 
415-284-4142 

Service Management System 
931 Sunset Blvd. 
W. Columbia, SC 29169 
803-798-5860 

Sidon Data Systems 
18001 S. Mitchell 
Irvine, CA 92714 
714-553-1131 

Soft-Serve 
7042 Marco 
Pontiac, MI 48054 
313-334-8115: 800-458-6909 

to be ordered and the total value of parts. 
• Edit lists, such as customer name or 
inventory parts lists. 

A caveat 
A service management system won't 

make your business run any smoother 
all by itself, any more than an oscillo-
scope will diagnose a problem in a 
product. It's a tool. You have to learn 
how to use it and teach other people in 
your business how to use it. And you 
have to use it consistently and correctly. 

These systems are probably not for 
every servicing facility. A low-end sys-
tem — software only to run on your own 
PC — may cost several hundred to more 
than a thousand dollars. A high-end sys-
tem for a large shop — software or soft-
ware and hardware — may cost several 
thousand dollars. On the other hand, if 
a shop is large enough to use one of 
these systems, and the people who will 
use it are dedicated enough to make it 
work, the benefits may far outweigh the 
cost.  • 
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Products   
Video sweep generator 

Leader Instruments has introduced 
the model 430 video sweep and mul-
tiburst generator. The sweep and mul-
tiburst output can be continuously var-
iable or preset. The sweep signal repeats 
at the field rate and sweeps from 
100kHz to 10MHz. Five sets of drop-
out markers can be selected. The gener-
ator provides a 100% white reference 
pulse for multiburst operation at the be-
ginning of each visible line. 

Circle (73) on Reply Card 

Analog/digital scopes 
Two analog/digital storage oscillo-

scopes from John Fluke Mfg. offer real-
time sampling speeds of up to 250MS/s, 
four 4K memories, post-trigger capabil-
ity of up to 5,000 divisions, averaging, 
digitally delayed timebase, and an enve-
lope mode. The 60MHz PM 3355 DSO 
and the 100MHz PM 3375 DSO also 
have cursors and autoset. The DSOs can 
store 64 front-panel settings. 

Circle (74) on Reply Card 

AM/FM stereo analyzer 
Sencore has introduced an AM/FM 

stereo analyzer that generates modulated 
RF signals. The SG80 integrated-
microprocessor-controlled, IEEE488 
and RS-232 compatible analyzer 
produces RF, IF, C-QUAM, MPX, 
SCA, audio, and tunable sweep and 
marker generators. Tests include sensi-
tivity, selectivity, separation and pilot 
threshold parameters. 

Circle (75) on Reply Card 

Power supplies 
Beckman Industrial has introduced 

the MPS Series, a line of dc power sup-
plies. The MPS60 and MPS100 feature 
full output power and digital metered 
displays for output voltage and current. 
Remote sensing on the MPS100 regu-
lates the output voltage at the load to 
compensate for test-lead voltage loss. 
Dual output ratings are ± 15Vdc at 2.0A 
for the MPS60 and 30Vdc at 3.5A for 
the MPS100. 

Circle (76) on Reply Card 

Adapter kit 
Pomona Electronics is offering the 
model 5514 SOIC clip adapter kit. The 
adapters are designed for high-density, 
surface-mount, small-outline ICs 
(SOICs). The kit includes one each 8-, 
14-, 16-, 20-, 24- and 28-pin SOIC clips. 

Access pins are 0.025-inch square, gold-
plated pins on 0.100 centers. SOIC con-
tacts are also gold-plated. 

Circle (77) on Reply Card 

Magnetic sensing probe 
The Lil Devil Mag-probe, available 
from HMC, detects residual magnetism 
and transient current pulses as fast as 
10ms. It also identifies north and south 
poles in ac- and dc-powered solenoids, 
relays and other devices that use a coil. 
The LED in the probe's handle lights if 
the device under test is energized. 
Standard- and high-sensitivity models 
are available. 

Circle (78) on Reply Card 

Fax maintenance kit 
The Fax Maintenance System from 

PerfectData cleans fax components, 
printheads and cabinets. The system in-
cludes PerfectDuster II with Ozone 
Guard, a cleaning solution with 10 
double-ended flexible swabs, a case and 
cabinet solution, and 25 non-residual 
wipes. 

Circle (79) on Reply Card 

Miniature wire stripper 
The PA 1115 Mini-Stripax miniature 

wire stripper from Paladin Corporation 
cuts 30- to 60-gauge solid and stranded 
wires in a single motion. The front-feed 
stripper removes the insulation from 
multiple conductors without touching or 
nicking the internal wires. The tool is 
insulated to 600V. 

Circle (80) on Reply Card 

Solder joint repair kit 
The Dot-Maker kit from ESP contains 

tools and materials used for surface-
mount and electronic solder joint repair. 
The Dot-Maker precision hand dispens-
ing tool dispenses solder cream and 
paste flux from prefllled caplettes. The 
VAC tweezer, with interchangeable 
pad/tips, handles and places SMT com-
ponents with a squeeze-bulb that 
reduces lead and board scratching. 

Circle (82) on Reply Card 

Liquid electrical tape 
Star Brite liquid electrical tape is a 

liquid vinyl that seals out moisture and 
prevents corrosion of wires or terminal 
junctions. The liquid dries to form a 
flexible protective coating that also 
helps hold wires and terminals together. 

Circle (83) on Reply Card  • 

LEARN VCR 
CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK, WORKING 

PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

•  NO Special 
1  -Tools or 

Equipment 
Needed.  A 

‘.7) 
A • ! , 

0 0,0 a v 

r- v. 

THE MONEYMAKING OPPORTUNITY OF THE 1990's 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able 
to use voltmeter, understand DC electronics)... 
IF you possess average mechanical ability, and have 

a VCR on which to practice and learn...then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due 

to simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 

Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 

photos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR 
maintenance and repair - "real-world" information that 
is NOT available elsewhere! 
Also includes all the info you'll need regarding the 

BUSINESS-SIDE of running a successful service 
operation! 

FREE INFORMATION 

CALL TOLL-FREE 1-800-537-0599 
Or write to Viol° Publications, Inc. 

3540 Wilshire 131., STE 310 
Los Angeles, CA 90010, Dept. EST 

Circle (16) on Reply Card 

Your Ticket To 

SIJCCESS 
Over 25,000 technicians have gained admit-
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 

ISCET offers Journeyman certification in 
Consumer Electronics, Industrial, Medical, 
Communications, MATV, Radar, Computer, 
and Video. For more information, contact 
the International Society of Certified Elec• 
tronics Technicians, 2708 West Berry St., 
Fort Worth, TX 76109 • (817) 921-9101 

Name 

Address   

City   

State  Zip   

Send material about ISCET and 
becoming certified. 

Send one "Study Guide for the 
Associate Level CET Test." Enclosed 
is $10 (includes postage). 
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What do you know about electronics? 

27rf  co 
By Sam %Nilson, CFI' 

Let's look at the differences (and 
similarities) between linear motion and 
angular motion. Linear motion is mo-
tion on a flat surface. For all practical 
purposes, it is motion on the surface of 
the earth. 
The rate of change of distance is 

called speed, often represented by V. 
The overbar means average. A very ba-
sic equation for linear motion is: 

distance =rate x time 

Distance is often represented by the 
letter s. Don't confuse it with speed (V). 
Using symbols: s=Vt. Written as a func-
tion of speed: 

V =sit 

Angular motion is circular motion. It 
is expressed as revolutions per minute 

Wilson is the electronics theory consultant for Fs&T. 

Figure 1. If you take the radius of a circle (r) 
and lay it along the circumference, the an-
gle marked is one radian. 

(rpm) by the celebrated man on the 
street. However, in science, the second 
is the basic unit of time. The symbol w 
is used to represent angular velocity. 
Therefore, in science, w is measured in 
revolutions per second. 
If you take the radius of a circle (r) 

and lay it along the circumference, as 
shown in Figure 1, the angle marked is 
one radian. You can lay the radius along 
the circumference exactly 27r times. 
Therefore, circumference is equal to 
27rr. 
It follows that when a circle turns 

through one complete revolution, a 
point on the circumference travels 
through 27r radians. Angular velocity is 
most often expressed in science as ra-
dians/second. If a wheel is turning at a 
rate of 10 revolutions per second, its an-
gular velocity is the same. There are 
360 degrees in each revolution. 
Therefore: 

= (10 revolutions \ (360 degrees  
CO  \ 

second  ik revolution / 
w=3,600 degrees per second 

Note that after revolutions are can-
celled, all you have left is degrees/sec-
ond. In scientific work, you use 27r ra-
dians instead of 360 degrees. For the 
above example: 

(10 revolutions\ (27r radians\ 
CO = 

second  1k revolution/ 
w=207r radians per second 

Figure 2. The phasor is marked V,„ . As it rotates counterclockwise, 
it projects a sine wave onto the time axis. Four representative projec-
tions are shown. V,,, , with a solid arrow, is in the starting position. 

A sine wave is generated on a time 
axis by the tip of a phasor rotating coun-
terclockwise. (See Figure 2.) Assuming 
that the phasor represents voltage, you 
can find the voltage at any instant from 
this simple equation: 

v=V,„ sin 0 

where theta (0) is the angle the phasor 
makes with the starting position. 
This relationship is illustrated by the 

drawing in Figure 3. However, you may 
not know the value of 0. Let's look 
again at the rotating phasor that pro-
duced the sine wave. Its angular veloci-
ty is: 

w =2r radians/second= 
27r radians/time=27r rad/T 

Because the phasor completes one cy-
cle in the time represented by T, T is 
called the period of rotation. The equa-
tion can be written: 

w=(27r radians)(1/T) 

However, 1/T equals frequency. Sub-
stituting frequency (f) for 1/T: 

w=27rf 

So, w is the rate at which the phasor 
is turning, and 27rf is a way of express-
ing the frequency of the signal. 
The reactances of inductors and capa-

Figure 3. Assuming that the phasor represents voltage, you can 
find the voltage at any instant from the equation sin 0=vN,„ . There-
fore, v=V„,sin 0 =V„,,sin wt. Distance X equals the angular velocity 
multiplied by the time (distance=ratextime). 
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Figure 4. Some kinds of paints are also unconventional piezoelec-
tric materials. Load cells, which measure force or weight, have been 
made by pressing two insulated, freshly painted surfaces together. 

citors depend on the frequency of the ac 
signal. That is why you write: 

XL=2rfL=wL 
and 

Xc= 1/2 rk=1/coc-

Different materials 
Over a period of time. I have run 

across some unusual materials used in 
electronics. Also, I have run across un-
usual applications of some basic com-
ponents. From time to time. I like to 
share some of them with you. 
• Piezoelectric: There are certain 
materials — such as barium titanate, 
quartz and tourmalene — that produce 
a voltage when under pressure. In ad-
dition to the materials mentioned, 
piezoelectricity is found in some uncon-
ventional places. For example, your 
bones are piezoelectric materials. 
One theory is that the bones generate 

a voltage when strained, which may be 
perceived by the brain as a warning that 
the bone is in danger of breaking. 
Some kinds of paints are also uncon-

ventional piezoelectric materials. Load 
cells, which measure force or weight, 
have been made by pressing two insu-
lated, freshly painted surfaces together 
as shown in Figure 4. I'm not sure I un-
derstand why paint works, but I am go-
ing to experiment with that idea. 
• Electrostatics: People have been ex-
perimenting with the use of electricity 
as a cure for diseases, aches and pains 
since the days of the Roman Empire. 
There is a company (called Polarin) 

in West Germany that makes electrostat-
ically charged bandages to hasten cures. 
The bandages are not highly successful 
for some types of wounds. However, 
they are supposed to work well on ma-
jor burns. There are many testimonials 
regarding those cures. 

Figure 5. A magnetic anomaly detector (MAD) system can detect 
small changes in magnetic fields. Problems encountered with the 
MAD gear illustrate the prevalence of unnoticed magnetic fields, 
such as those found in wood and many types of plastic and those 
generated by the electric currents used in normal plane operation. 

One problem with electrostatic band-
ages is that they attract dust, pollen, 
spores and every other air impurity you 
can think of. 
Electrostatic charges are easily stored 

in teflon. Also, that is a very good non-
stick, neutral material for bandages. You 
might be surprised to learn that cotton 
can hold an electrostatic charge for as 
long as a day and a half. A company 
once hired me to design and build a ma-
chine that could put an electrostatic 
charge into a cotton bandage. 
A lab was set up for me in Fort Col-

lins, CO. I hired six students from 
Colorado State University and we got 
right down to it. After several failures. 
I finally got a machine to work. It put 
so much charge in the cotton that it 
glowed blue in the dark! (I used 300kV 
in the machine.) 
Just as we finished the job, the own-

er of the company flew into town wear-
ing a lot of anger. He accused us of fool-
ing around and not really getting 
anywhere with our work. He was very 
nasty. 
We charged a cotton bandage to full 

capacity and I told him: "If you don't 
think we are doing a good job, see if you 
can wash the charge out of this one." 
When he touched the cold water faucet, 
he became immediately convinced. I 
don't know if he ever got the feeling 
back in his arm, but that was the end 
of that project. 
I never claimed to be smart about 

business. 
• Magnetics: Magnetic materials come 
in three classes: ferromagnetic (materi-
als that are strongly attracted to a mag-
netic field and offer an easy path to mag-
netic flux lines); paramagnetic 
(materials that, in theory, are not affect-
ed by magnetic flux lines); and diamag-
netic (materials that move away from a 

magnetic field if free to do so). 
Just as there is no such thing as a per-

fect resistor or conductor (at room tem-
perature), there is also no perfect mag-
netic material. 
The paramagnetic materials are of 

present interest. When the magnetic 
anomaly detector (MAD) was first de-
signed for antisubmarine work, there 
were some basic problems that had to 
be overcome. 
The MAD system can detect small 

changes in magnetic fields. For exam-
ple, when an airplane, carrying the 
MAD gear, flies over the surface of the 
ocean, it can detect the way the earth's 
magnetic field is distorted by a sub-
marine. 
One problem encountered in the de-

sign was the electric currents used in 
normal plane operation. For example, 
currents for running lights, landing 
lights and instruments all have accom-
panying magnetic fields. These magnet-
ic fields confused the MAD gear. 
To solve that problem, the MAD gear 

is positioned on a boom in back of the 
plane to get it away from those fields. 
A second problem was that the detec-

tor had to be mounted on a platform of 
non-magnetic material. (See Figure 5.) 
Materials that are normally paramagnet-
ic turned out to be too magnetic for the 
detector. Would you have guessed that 
wood and many types of plastic are too 
magnetic? 
They finally did find a material that 

worked, but they don't like to talk about 
it. 
An example of an unusual magnetic 

material is hydrogen. There are also oth-
er magnetic gasses. They are considered 
to be paramagnetic under ordinary cir-
cumstances, but their magnetic proper-
ties are now being put to work in new-
er MAD equipment. 
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Thyristors from A to Z 
Part I: Silicon-controlled rectifiers 

It) Bert 'lune:Ault, CET 

This article is part one in a series of 
articles on thyristors. In this part, we 
will focus on SCRs. Part II will describe 
diacs and Shockley diodes. 

M ost consumer electronics techni-
cians have encountered thyristor circuits 
such as the one shown in Figure 1, in 
which a silicon-controlled rectifier 
(SCR) is used as a simple switch. In this 
case, it turns the FM stereo lamp on or 
off, depending on whether or not a 
stereophonic station is tuned in. Today, 
the switching function is usually per-
formed within a multiplex decoder IC 
and the stereo lamp is commonly 
replaced by an LED indicator. The sim-
ple discrete circuit in Figure 1 was cho-
sen to introduce thyristors and illustrate 
the fact that they are basically switches 
— contactless solid-state switches. 
In this example, when the receiver is 

Huneault is an electronics instructor and head lithe REE 
department at St. Clair College of Applied Arts & Tech-
nology in Ontario. Canada. 

tuned to an FM stereo station, the 
19kHz pilot (part of the composite ster-
eo signal) is converted into a 38kHz sig-
nal by a frequency doubler and boosted 
by tuned amplifier Ql. The 38kHz sub-
carrier is then coupled through Cl to the 
gate of the SCR. As long as the 38kHz 
pulses are present at the gate, the SCR 
is triggered on (switched into conduc-
tion) during each positive alternation of 
anode voltage supplied by power trans-
former TI. This causes the lamp to light 
up. When the receiver is tuned to a 
mono station or between stations, there 
is no pilot signal; hence no 38kHz sub-
carrier is applied to the gate of SCR1. 
In the absence of gate pulses, the SCR 
switches off even though 60Hz ac volt-
age continues to be applied to the an-
ode. Thus, no current flows through the 
stereo lamp. 
Troubleshooting this particular circuit 

should be quite simple. If the FM ster-
eo lamp doesn't light up even though 
stereo reception is normal, suspect the 

Figure 1. In thyristor circuits, an SCR can be used as a simple switch — in this case, to 
turn the FM stereo lamp on or off, depending on whether or not a stereophonic Station iS 
tuned in, 

lamp first. If it's OK, an open Cl, open 
R2 or open T1 winding are likely can-
didates, as well as a defective SCR. 
What if the SCR becomes internally 
shorted, anode to cathode? The stereo 
lamp will be on permanently, of course. 

Thyristors galore 
Welcome to the world of thyristors. 

The SCR discussed above is just one 
member of the large thyristor family, 
which also includes such devices as the 
triac, silicon-controlled switch (SCS), 
programmable unijunction transistor 
(PUT), gate turn-off switch (GTO), 
light-activated SCR (LASCR) and 
others. Often referred to as PNPN 
switches because of their multi-layered 
semiconductor construction, thyristors 
even include, in a generic way, 2-
terminal trigger devices such as diacs 
and Shockley diodes. 
In this and subsequent articles, we'll 

survey the field of thyristors, discuss 
their principles, characteristics and rat-
ings, and illustrate each type with prac-
tical examples. We'll also mention test-
ing methods and consider the effects of 
thyristor failures in specific circuits. 

Thyristors defined 
To get things going, we should per-

haps ask one question: What is a thyris-
tor? Essentially, it's a bi-stable switch-
ing device that features latch-on 
characteristics equivalent to those of its 
predecessor, the thyratron, from which 
the name thyristor was derived. 
Old-timers undoubtedly remember 

the thyratron, a hot-cathode, gas-filled 
tube in which a control electrode (grid) 
determines the conditions for ionization 
of the gas. Thyratrons were widely used 
in industrial electronics before the ad-
vent of their solid-state counterpart, the 
SCR. Today thyristors are found every-
where: in radios, TV receivers, audio 
and videotape recorders, computers, 
electrical appliances, CD players, power 
tools, battery chargers, lamp dimmers, 
ignition systems, microwave ovens and 
more. 
Technicians should not lose sight of 
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CONTROLLED RECTIFIER ORDINARY RECTIFIER 

Figure 2. When used in an ac circuit, the silicon device is a rectifier, but unlike an ordinary 
diode, it is a controlled rectifier. In Figure 2A, which features a simple silicon diode rectifier, 
we have no control over the average current flowing through the load. In Figure 2B, howev-
er, the control circuit connected between gate and cathode of the SCR has the ability to 
vary the device's duty cycle and thus the average value of load current. 

the fact that, whether they are used as 
rectifiers, relays, logic elements, oscil-
lators, heat controllers, timing devices, 
protective elements, power-supply regu-
lators or motor-speed controllers, 
thyristors are still essentially on-off 
switches. They have two stable states, 
acting as open circuits capable of block-
ing applied voltage until triggered. 
When triggered on, they become closed 
switches (very low impedance) and con-
tinue to conduct even after the trigger 
is removed (latching feature). 
Although some thyristors have maxi-

mum current ratings of only milliamps, 
others can control whopping amounts of 
current, as high as a few thousand am-
peres. And they come in a variety of 
packages: small, medium, large and 
jumbo. 
Before examining specific types, a 

brief comparison is in order. Thyristors 
differ from bipolar junction transistors 
in that the latter are variable resistance 
devices — the resistance between emit-
ter and collector can be varied gradual-
ly by changing the amount of base cur-
rent. Thyristors, on the other hand, are 
either completely off or fully on, with 
no in-betweens. That's why they are 
switches, not linear amplifiers. 

SCRs: The thyristor family's grandpa 
We'll begin our study of thyristor 

devices with the granddaddy of them all, 
the silicon-controlled rectifier (SCR). 
Although some sources credit Bell Tel-
ephone Laboratory engineers with hav-
ing first introduced the SCR in 1956, 
others suggest that it was first produced 
by the General Electric Company in 
1957. Regardless of its birthplace and 
age, the SCR ushered in a new era in 
control electronics and generated 
numerous offspring along the way. 
Its name was well-chosen. When used 

in an ac circuit, the silicon device is in-
deed a rectifier, but unlike an ordinary 
diode, it is a controlled rectifier. 

Figure 2 illustrates the concept. In 
Figure 2A, which features a simple sili-
con diode rectifier, we have no control 
over the average current flowing through 
the load; it's strictly determined by 
Ohm's law (I=V/R). In Figure 2B, how-
ever, the control circuit connected be-
tween gate and cathode of the SCR has 
the ability to vary the device's duty cy-
cle (duration of conduction in each 
power-line cycle) and thus the average 
value of load current. 
To understand just how this control 

is achieved, it's necessary to become fa-
miliar with the fundamentals of SCRs. 
We'll study this device in a fair amount 
of detail to gain a solid understanding 
of thyristor concepts. Subsequent types 
will be discussed much more briefly, be-
cause they're all based on practically the 
same principles. 

SCR basics 
Figure 3 shows that the SCR is a 4-

layer, 3-terminal device featuring three 
semiconductor junctions (J1, J2, J3). 
The simplest way to illustrate the oper-
ation and characteristics of this PNPN 
device is to hook it up in dc circuitry, 
as shown in Figure 4. 
With no voltage applied to the gate, 

it makes no difference whether we ap-
ply forward or reverse voltage between 
anode and cathode — the SCR remains 
in the blocking state (open switch) ei-
ther way. We can see why by examin-
ing the polarity of junction voltages. In 
Figure 4A, the dc voltage applied across 
the device reverse-biases junction J2 
(positive on the N-side and negative on 
the P-side of the junction). The reverse-
biased junction naturally behaves like an 
open circuit; no current (other than a 
negligible amount of leakage) can flow 
through that gap. It should be noted in 
passing that if the anode voltage were 
increased sufficiently to exceed the 
device's forward breakover voltage rat-
ing, an avalanche condition would oc-

Figure 3. The SCR is a 4-layer. 3-terminal de-
vice featuring three semiconductor junctions 
(J1, J2. J3). 

cur and the thyristor would conduct. 
However, this situation is normally 
avoided in SCR applications. 
Reversing the polarity of applied volt-

age, as in Figure 4B, doesn't help be-
cause we then have two reverse-biased 
junctions (J1 and J3); obviously no cur-
rent can flow. So, in both cases, the 
SCR remains in a non-conducting state, 
just like an open switch. Because no 
current flows, the load drops OV. Thus 
the full applied voltage (100V) appears 
between the anode and cathode termi-
nals of the SCR. 
Now, let's get down to business. Fig-

ure 4C shows what we have to do to in-
itiate conduction. With forward voltage 
still applied between anode (+) and 
cathode (—), a forward-bias voltage (V2) 
is also applied across the gate-to-
cathode junction (J1), resulting in gate 
current (Ii). R, limits this gate current 
to a safe value. (Note: Arrows indicate 
electron flow.) 

Foreigners get in on the act 
To see how this action turns on the 

SCR, compare Figure 4A and Figure 
4C. In Figure 4A, no conduction was 
possible because the majority carriers 
in the P-region below J2 are holes (posi-
tive charges), and these are repelled by 
the positive voltage above J2; thus no 
charge carriers cross the reverse-biased 
junction. But in Figure 4C, V, tricks the 
majority carriers (electrons) from the 
cathode's N-region into crossing J1 into 
the P-type gate region. In other words, 
negative charges get injected into the 
gate, where they become foreigners in 
P-land! Although some electron-hole 
recombinations do occur and result in 
a certain amount of gate current, the 
gate quickly becomes overpopulated 
(saturated) with these foreigners. And 
here's the crux of the whole thing: The 
positive voltage (from VI) on the other 
side of J2 looks pretty good to those 
foreigners (grass is greener on the oth-
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er side), so the electrons drift right 
across that junction, thus initiating cur-
rent flow through the entire thyristor. 
The whole device becomes saturated 
with charge carriers, resulting in a very 
low resistance (closed switch) between 
anode and cathode. Current now flows 
through the whole circuit, and most of 
applied voltage VI appears across the 
load. The voltage across the thyristor 
drops to a very low value, typically 1V 
or so. 
Note that the SCR is not a perfect 

switch. Unlike the OV normally meas-
ured across the closed contacts of a me-
chanical switch, the small voltage across 
the terminals of a conducting SCR 
represents power dissipation. A volt or 
so may not seem like much, but if the 
current is heavy, the power dissipation 
can be considerable. For example, 
1,000A at 1.5V represents 1,500W of 
heat. For this reason, SCRs must be 
heat-sinked well in heavy current appli-
cations. In typical home entertainment 
equipment, current is likely to be only 
a few amps, so the heat-sink require-
ments are less severe but still important. 
Finally, see Figure 4D. Here we note 

that even though gate current is now in-
terrupted by Si. the thyristor continues 
to conduct; this figure demonstrates the 
latching property of SCRs. Although 
gate current was necessary to initiate 
cathode-to-anode conduction, once the 
SCR is turned on, the gate loses con-
trol just like the grid does in a thyratron. 
This situation brings up a good ques-

tion: How can the SCR be switched off? 
There are three simple methods: inter-
rupting anode current by momentarily 
opening the load circuit; reversing the 
polarity of applied voltage Vl; and 
reducing the anode current (for exam-
ple, by lowering VI) below the mini-
mum value necessary to maintain con-
duction. This latter value, called holding 
current (I,) is typically a few milliam-
peres in low-power SCRs. 

Testing an SCR 
To reinforce and confirm the theory 

we just looked at and to illustrate a prac-
tical method of testing SCRs, a simple 
experiment is in order. All you need is 
a VOM and a low-power SCR rated at 
just a few amps — the kind most likely 
found around the shop. Switch the VOM 
to the R xl range of the ohmmeter func-
tion, and ascertain the polarity of its 
leads. Remember that the red lead is not 
always the positive one. 
Connect the ohmmeter between the 

Figure 4. The simplest way to illustrate the operation and characteristics of this PNPN de-
vice is to hook it up in dc circuitry. In Figure 4A, we have forward A-K voltage and no gate 
voltage; the SCR is an open switch. In Figure 4B, we have reverse A-K voltage and the SCR 
is still open. In Figure 4C, forward-biasing the gate turns on the SCR. In Figure 4D, gate 
current is no longer needed once the SCR latches on. 

Figure 5. To illustrate a practical method of testing SCRs, connect an ohmmeter between 
the SCR's anode and cathode, with the polarity shown in Figure 5A. Note that the ohmmeter 
shows infinite resistance because, without the required initial gate current, the thyristor is 
essentially an open switch. If you touch the gate lead to the anode, as shown in Figure 5B, 
the ohmmeter shows low resistance. With positive voltage applied to the gate, the SCR fires. 
If you disconnect the gate as shown in Figure 5C, the ohmmeter continues to read low resis-
tance, demonstrating the latching property of the SCR. 

SCR's anode and cathode, with the 
polarity shown in Figure 5A. Leave the 
gate terminal open. Note that the ohm-
meter shows infinite resistance, con-
firming that without the required initial 
gate current, the thyristor is essentially 
an open switch. Actually, the SCR's in-
ternal resistance is not really infinite be-
cause of a small amount of leakage, but 
the leakage is so small that the ohm-
meter virtually shows infinite resistance. 
If it reads low resistance, the SCR is ei-
ther shorted or extremely leaky. 
Next, keeping the ohmmeter leads 

where they are, touch the gate lead to 

the anode, as shown in Figure 5B. Note 
that the ohmmeter now shows low re-
sistance, confirming that with positive 
voltage applied to the gate, the SCR fires 
(switches into conduction). If it doesn't 
turn on, throw it away. 
Finally, disconnect the gate as shown 

in Figure 5C. The ohmmeter continues 
to read low resistance, demonstrating 
the latching property of the SCR. In-
cidentally, the gate doesn't have to be left 
connected for any length of time to in-
itiate conduction because it takes only 
a microsecond or so for an SCR to 
switch on. That's why, in many practi-
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Figure 6. One way to visualize an SCR is as consisting of a pair of interconnected com-
plementary transistors: a PNP (02) and an NPN (01), as shown in Figure 6A. Figure 6B shows 
that, with gate voltage, the SCR is off. In Figure 6C, the voltage applied by the V, source 
initiates a rapid regenerative action, which latches the SCR on. 

cal circuits, gate control is achieved by 
means of very brief triggering pulses. 
Maintaining gate current longer simply 
wastes energy. 
Now, if you temporarily open the an-

ode circuit and then connect the SCR 
as in Figure 5A again, it will be obvi-
ous that the thyristor has reverted back 
to its blocking state (infinite resistance) 
because the anode current was momen-
tarily allowed to drop below the hold-
ing current value. 
Note that although low-power SCRs 

will respond nicely to this testing meth-
od, high-power SCRs may not. Large 
SCRs with current ratings of tens or 
hundreds of amps may not stay latched 
on after the gate is disconnected be-
cause, in order to latch on, these SCRs 
need more current than the ohmmeter 
can supply. That's why we suggested 
switching the ohmmeter to its R x I 
range: Higher ranges such as R x10,000 
usually introduce so much series resis-
tance that the latching current cannot be 
supplied. 

Let's get a little more formal 
If all that jazz about electrons becom-

ing foreigners in P-land didn't exactly 
turn you on, perhaps we need to get a 
little more formal in our explanation of 
SCR action. An entirely different but 
helpful approach is to visualize the SCR 
as consisting of a pair of interconnect-
ed complementary transistors: a PNP 
(Q2) and an NPN (Q1), as shown in Fig-
ure 6A. The base of the PNP transistor 
is also the collector of the NPN; like-
wise, the base of the NPN (SCR gate) 
is also the collector of the PNP. 
In Figure 6B we can see that with OV 

applied to the gate terminal (equivalent 
to the gate being grounded) no base cur-
rent flows in Ql; therefore, Q1 is off. 
No collector current through Q1 means 
no base current for Q2; therefore, Q2 
is also off and no current flows through 
the load. 
Now look at Figure 6C. The voltage 

applied by the V, source causes base 
current to flow in Ql and the NPN tran-
sistor turns on. Ql's collector current 

Figure 7. When Si is closed momentarily, a 
pulse of gate current flows and the SCR 
latches into conduction. If S2 is then closed 
briefly, load current is shunted around the 
SCR, and anode current drops below the 
minimum IH value, causing the thyristor to 
switch off. 

flows into the base of the PNP transis-
tor and is sufficient to turn it on. As Q2 
turns on, its collector current results in 
increased base current in Ql. The result 
is more Q1 collector current and more 
base current for Q2, and so on. The net 
result is that when V, is applied, the col-
lector current increases in both transis-
tors, and the cathode-to-anode im-
pedance of the whole thyristor becomes 
very low (equivalent to a closed switch). 
The load is therefore energized. 
Subsequent removal of V, doesn't turn 

off the thyristor because of the regener-
ative feedback action just described. 
The regeneration will be sustained as 
long as the anode current is not allowed 
to drop below the IN value. 
Whether you understand this 2-

transistor-equivalent explanation or pre-
fer the foreigners-in-P-land analogy, we 
can sum it all up with Figure 7, which 
clearly illustrates simple on-off control 
of an SCR in a dc circuit. 
When Si is closed momentarily, a 

pulse of gate current flows and the SCR 
latches into conduction. If S2 is then 
closed briefly, load current gets shunt-
ed around the SCR, and anode current 
drops below the minimum I. value, 
causing the thyristor to switch off. The 
circuit action just described is quite fast. 
It occurs even if the pushbuttons are 
tapped only briefly because it takes only 
one or two microseconds for the SCR 
to latch on and perhaps 25µs or so to 
turn off. 
In a future article, we'll discuss SCRs 

in ac circuits where the thyristor can ac-
tually control the amount of load cur-
rent, in addition to rectifying the ac.• 
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 Audio Corner   

Solving RFI complaints  Part I 
By John Shepler 

Radio frequency interference (RFI) 
can be one of the biggest headaches you 
will encounter when you're servicing 
audio components. Equipment that 
works perfectly in the shop will sudden-
ly glitch, distort or conjure up mysteri-
ous voices when installed. Worse, the 
problems seem to come and go. 
RFI infects radios, TVs, guitar ampli-

fiers, intercoms and church PA systems 
with extraneous noises. Even lamp dim-
mers, computers and industrial equip-
ment can be affected. Any equipment 
in strong electromagnetic fields, such as 
radio or TV transmissions, is vulnera-
ble. By understanding the causes and 
cures of RFI, you can make your pres-
ent customers happy, plus pick up extra 
income solving these problems when 
others have given up. 

What causes RFI? 
A typical complaint is that the cus-

tomer can hear weak voices in a home 
intercom or stereo system. Upon inves-
tigation, you find that the house is with-
in two blocks of a radio station anten-
na. A few feet of wire connected to an 
oscilloscope input shows a signal 
strength of IV to 10V. 
Such a strong signal literally over-

whelms the small signal amplifiers 
within the intercom. The power cord or 
multiconductor cable acts as an anten-
na to pick up the signal. If the intercom's 
case is not a complete metal box, even 
switch wiring or pc foil traces will act 
an antennae. 
The same intercom in a house sever-

al blocks further from the station also 
picks up the signal. However, no inter-
ference is audible. Why? 
The problem arises only when the op-

amps or transistors in the intercom are 

Shepler is an electronics engineering manager and broad-
cast consultant. He has more than 20 years of experience 
in all phases of electronics. 

driven out of their linear operating 
range. As long as the RFI signals are 
small enough, they will simply be su-
perimposed on the audio within the am-
plifiers. Most small RF signals are soon 
filtered out by RC input filters and feed-
back loops. Wideband amplifiers will 
pass the low-level RF signals along with 
audio or data signals. The RF has no ef-
fect on speakers or headphones. 
Once an amplifier is driven out of its 

operating range, however, non-linear 
mixing between the audio and RF oc-
curs and the RF becomes demodulated. 
This is exactly how a diode detector in 
an AM receiver works. 
When the RF audio becomes 

demodulated, it mixes with the intend-
ed audio, and it is impossible to sepa-
rate the two. The only solution is to go 
back and attenuate the RF signal so that 
it no longer is strong enough to be de-
tected. 

Grounding and shielding 
An easy and inexpensive solution is 

to get rid of the antenna effect by shield-
ing and grounding the equipment. 
Sometimes you can just connect the 
ground wire from a turntable to an am-
plifier. For a problem in the intercom, 
a ground wire from the case to a cold-
water pipe might do the trick. 
Shielded cable with the braid ground-

ed to the equipment prevents long runs 
of signal wire from picking up RF sig-
nals. Installing shielded cable makes 
more sense when the wiring is accessi-
ble than when replacement cables have 
to be pulled through walls. 
One simple measure is to coil up un-

used wire or power cord. On some 
computer equipment, wrapping alumi-
num foil around the loose power cords 
is enough to stop data glitches. 
Be especially careful of ground loops. 

A ground loop is created anytime both 
ends of a cable are grounded. The path 

that connects the grounds through the 
earth forms a loop with the cable and 
tends to pick up stray signals, such as 
hum, SCR controller buzz, TV sync 
noise and radio transmissions. Even two 
pieces of equipment grounded through 
their power plugs and connected by ca-
ble braid can experience this effect. If 
the equipment is otherwise grounded, 
try connecting the shield at one end 
only. 

Filtering and bypassing 
Filtering and bypassing are the brute-

force methods for getting rid of inter-
fering signals. RF chokes, ferrite beads 
and RC filters are very effective. They 
can be installed directly in the circuits 
or at the inputs and outputs of the 
equipment. 
Many filters are available commer-

cially. Most of these are inductor-
capacitor filters that are specifically de-
signed for telephone lines, power strips, 
coaxial or twin-lead TV cable, even 
phono inputs. Computer components 
are often called EMI (electromagnetic 
interference) rather than RFI filters. 
Check your distributors or catalogs for 
these. 
The simplest filter is a common ce-

ramic capacitor. For the intercom prob-
lem, you might get rid of the RF signal 
by installing some 100V, 0.001µF ceram-
ics from each screw terminal to the case 
or ground terminal. The capacitor val-
ue will vary. Smaller caps — 100pF or 
less — are useful for FM and TV inter-
ference. Larger caps — 0.001pF to even 
0.01 pF — are needed for AM signals. 
Make sure you use caps with high 
enough voltage ratings. A supply of 
100V and 500V disks will cover most 
situations. Low-voltage disks are useful 
for speaker cables. 
Next month, we'll talk about addition-

al filtering you can try if the problem 
persists despite these corrections. • 
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 Computer Corner   

Those hexadecimal numbers 
By Conrad Persson 

One of the difficulties of servicing 
personal computers is that the servicing 
literature often refers to numbers in hex-
adecimal form rather than decimal or 
binary. There are actually very good 
reasons for using hexadecimal numbers. 
Binary is not a very good number sys-
tem to use in any case because, by the 
time you get to the binary equivalent of 
the decimal number 16, you're up to four 
digits. By the time you get to the binary 
equivalent of 32, you've reached five 
digits. In fact, every time you double the 
decimal number again, you add anoth-
er binary digit — 64 is six digits, 128 
is seven digits, etc. 
Decimal numbers can also be un-

wieldy. It's not really practical to give 

Persson is editor of ES&T. 

hexadecimal address locations, for in-
stance, in decimal, because decimal 
numbers don't express the relationships 
of locations to each other as do hex-
adecimal numbers. 
Here's a brief explanation of how hex 

and binary numbers relate to decimal, 
and a table of the decimal, binary and 
hex numbers through 64. 

Binary numbers 
Binary numbers use only numbers 

that comprise the digits 1 and 0. Binary 
numbers are used in computer calcula-
tions because digital electronics is based 
on two conditions of an electronic cir-
cuit: on or off. Any other system used 
to encode numbers would be subject to 
ambiguity because it would rely on a 
continuum of voltages rather than on 

Decimal 
1 

2 
3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 
14 

15 

16 

Number system equivalents 

Binary 
00000001 

00000010 
00000011 
00000100 

00000101 
00000110 
00000111 

00001000 

00001001 

00001010 

00001011 

00001100 

00001101 

00001110 
00001111 

00010000 

Hexadecimal 

01 
02 

03 
04 

05 

06 
07 

08 

09 
OA 

OB 

OC 
OD 

OE 

OF 

10 

Figure 1. This table shows the decimal numbers from one to 16 and the binary and hex-
adecimal equivalents. Note that in each case the rightmost four digits of the binary number 
is the exact equivalent of the rightmost digit of the corresponding hex number, and the left-
most four digits of the binary number is the exact equivalent of the leftmost digit of the cor-
responding hex number. 

two distinctly different states. 
As in our decimal number system, the 

rightmost digit in a binary number is the 
smallest digit. Counting in the binary 
system proceeds as follows: 1, 10, 11, 
100, 101, 110, 111. Note that because there 
is only one digit other than zero in the 
binary system, each place farther to the 
left that a digit (1) occupies causes its 
value to be doubled. Thus the binary 
number 1 is the same as the decimal 
number I. The binary number 10 is the 
same as the decimal number 2. The bi-
nary number 100 is the same as the dec-
imal number 4. 
The binary number Ill, therefore, 

consists of one 4, one 2, and one 1, and 
is therefore equivalent to the decimal 
number 7. 

Hexadecimal numbers 
Computers don't actually use hex-

adecimal numbers as some people sug-
gest. They use only binary numbers. 
There is a neat correlation between hex 
numbers and binary numbers that makes 
it simpler for humans to handle such 
numbers in hex notation rather than in 
binary. Keep in mind that the binary 
equivalent of 255 is 11111111. You don't 
have to try to handle too many numbers 
like that to get confused. The hex 
equivalent of that same number is the 
neat FE 
Hexadecimal numbers (numbers to 

the base 16) count to 15 using a single 
digit: 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, 
D, E, E Thus in the hex system, the 
number 10 is one greater than F. and is 
equivalent to 16 in decimal. 
Try counting to the decimal equiva-

lent of 15 in both binary and hex. You 
will find, if you do it right, that one digit 
in hex can be used to represent the same 
quantity as can be expressed by four 
digits in decimal. 
Figure 1 lists the decimal numbers 

from 1 to 16, with both the binary and 
hexadecimal equivalents. 
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 Video Corner   

The amplifier as 
a troubleshooting aid 
Skplicn  \Idler 

Time-saving techniques can be real 
lifesavers in the service industry, espe-
cially if you, like me, are accustomed 
to eating regularly. This month, we will 
look at a simple amplifier that has saved 
me countless troubleshooting hours on 
many types of A-V equipment. 

Buy or build? 
This amplifier is available already as-

sembled from Radio Shack (part num-
ber 277-1008C). A similar amplifier 
could be constructed from scratch, but 
because of the low price of the commer-
cial item, a home-brewed device would 
probably be more expensive. However, 
don't let its low price fool you; it can 
be invaluable when properly used. It is 
battery-operated, so it can be safely con-
nected to even hot ground circuits with-
out an isolation transformer. This fea-

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

CTL 
OUTPUT C2021 

1, C2020  TP2008 

TO CTL 
HEAD 

ture is extremely helpful when you are 
servicing out in the field. 
The amp's internal speaker allows you 

to listen to the amplifier input signal. An 
earphone jack permits the output signal 
to be coupled to either headphones or 
another device. This amp can be used 
to check the audio output on any type 
of equipment: phono cartridge outputs, 
tape deck outputs, FM tuner outputs or 
about any type of audio signal you can 
think of. However, don't think of it as 
just an audio amplifier. Rather, consider 
it an amplifier of all frequencies from 
30Hz to 30kHz. With a slight modifi-
cation, which will be discussed in de-
tail later, this amplifier starts with a gain 
of 700 at 30Hz, rises to a gain of more 
than 800 at 8kHz, and still has a gain 
of 300 at 30kHz. This device can am-
plify any signal within this frequency 
range. The signal need not be an audio 
signal. In fact, it has been most useful 
to me in amplifying non-audio signals. 

iR2021  

C2024 
---- C2025 1 

C2023 

Figure 1. The CTL pulse is derived from the vertical sync signal and recorded on the bottom 
edge of the tape. During playback, these pulses phase-control the capstan motor, produc-
ing a noise-free picture. The frequency of the CTL signal tells the system-control circuit which 
playback speed to use. 

An example will demonstrate its use-
fulness. 

A frequency-selective pre-amp 
A dog of a portable VCR was mak-

ing the rounds at the shop. The GE 
model number of the miniature night-
mare was 1CVD 5021X. When the unit 
played an SP tape, it would alternate be-
tween a clear picture and total snow. On 
an EP tape, the unit would not speed-
select properly — EP tapes would play 
at the SP speed with rapidly moving vid-
eo and "chipmunk" audio. Several tech-
nicians had looked at the VCR, and 
everyone had agreed that the playback 
servo problems were due to a missing 
control track (CTL) pulse. 
The control track pulse is a 30Hz sig-

nal, which is derived from the vertical 
sync signal and recorded on the bottom 
edge of the tape. During playback, these 
pulses am used to phase-control the cap-
stan motor, thus producing a noise-free 
picture. Also, by monitoring the fre-
quency of the CTL signal, the system-
control circuit can select the correct 
playback speed (SP, LP or EP). Many 
units, including this GE, will default to 
the SP playback speed if no CTL pulse 
is present. 
Figure 1 shows the control-pulse am-

plifier circuit. All dc voltages on IC2003 
were correct. Likewise, all external 
components coupling the CTL signal 
into the IC were OK. Yet, even after 
IC2003 was replaced, no CTL signal 
was present at TP2008. 
Could the CTL head be defective? It 

seemed that this head was the only re-
maining suspect. However, it did have 
continuity, and it did not have any leak-
age to ground. Furthermore, tapes re-
corded on this machine played fine on 
other VCRs. Therefore, the CTL head 
was capable of correctly recording 
pulses. Because the CTL head is part 
of an assembly, it is fairly expensive and 
we were reluctant to order a new one 
without proof that it was our culprit. 
The question was how to test the head. 
I tried to scope the incoming signal 
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10 F 25V 
N P 

GND 

TEST PROBE 

CHANGE TO 
10.,F/25V 
N.P 

01 

V  CHANGE TO  R5 

10.,F/25V 

C4 

--CHANGE TO 
47.F/25V 

CO 

CHANGE TO 
100,F/25V 
N.P. 

•  

OUTPUT 
JACK 

NOTE: N.P. STANDS FOR NON-POLARIZED CAPACITOR 

Figure 2. The low-frequency response of the Radio Shack 277-1008C mini-amp can be lowered by increasing the values of three capacitors. 

from the CTL head, but even with the 
scope's gain cranked up, all I could see 
was a screen full of hash. It seemed the 
CTL head was acting as an antenna and 
coupling all types of RF noise into the 
scope. Because the scope is an extreme-
ly wide-band device, it amplified and 
displayed all this noise on its screen. 
What I needed was a frequency-
'selective pre-amp to amplify and clean 
up the signal before it was input into the 
scope. Such a scope accessory is avail-
able, but I didn't have one. Being fru-
gal (all right, cheap), I began to look 
for a substitute pre-amp. Realizing that 
the CTL signal is only 30Hz, I thought 
of the Radio Shack mini-amp. 

Altering the amplifier 
Unfortunately, the manufacturer's 

quoted low-frequency response was 
100Hz. I wondered if this frequency 
could be easily lowered. Looking at the 
schematic inside the unit's case, I real-
ized that increasing the values of three 
capacitors would do the trick. (See Fig-
ure 2 for the modifications.) If R5 is not 
present in your unit, be sure to add it 
when you increase C5 to 47µF. The ca-
pacitor from the volume control to Q1 
should be a non-polarized capacitor. 
Likewise, if the mini-amp is to be 

used to drive another circuit, the out-
put capacitor, C9, should be changed to 
a non-polarized type. With the original 
capacitor in the output circuit, you can 
use the mini-amp to drive another cir-
cuit as long as its input voltage is less 

than 4Vdc. If the input voltage is great-
er than 4Vdc, C9 will be reverse-
polarized. By changing C9 to a non-
polarized type, this restriction is re-
moved. Several versions of this mini-
amp have been marketed, so parts place-
ment and component call-outs may vary. 
However, by following Figure 2, you 
can locate the correct components. 

Troubleshooting with the amp 
Having modified the mini-amp, I con-

nected it across the CTL head and put 
the VCR into play with an SP tape. 
Much to my surprise, I heard a low-
frequency tone, much like a cat's purr, 
coming from the amp's speaker. Con-
necting the output of the amp to the 
scope displayed a beautiful, perfectly 
normal CTL pulse. The mini amp 
helped me prove that the CTL head was 
OK, but I still didn't know what was 
wrong with this GE VCR. 
After entering at pin 6 on IC2003, the 

CTL signal is amplified, exits on pin 3 
and re-enters this IC on pin 2. Could I 
inject the mini-amp's output signal into 
pin 2? I thought it was worth a try. With 
the power off, I connected the amp's 
output between pin 2 and ground. Be-
cause the amp contains an internal 
blocking capacitor in the output circuit, 
no external coupling capacitor was 
needed. 
Powering up both the amp and the 

VCR and adjusting the amp's volume 
control, I found that the VCR worked 
normally. Servo lock, speed select and 

tracking control functions all operated 
properly. Therefore, the problem had to 
be in the circuitry before pin 2 but after 
the CTL head input. 
With renewed determination, I decid-

ed to recheck all the discrete compo-
nents and the wiring interconnections 
around IC2003. About ten minutes later, 
I had the VCR repaired. After check-
ing numerous components, I discovered 
a microscopic break in the foil between 
R2025 and pin 8 of IC2003. Although 
the IC's block diagram doesn't show that 
pin 8 is part of the playback CTL amp, 
it obviously is. Bridging this foil was all 
it took to complete the repair. 
Using the mini-amp was a great help 

in troubleshooting this VCR. First, I 
verified that the CTL head was OK. 
Second, by injecting the amp's output 
back into the VCR, I verified that a large 
part of the machine was OK, narrow-
ing down the possible problem areas. 
Without the amp's assistance in narrow-
ing the search area, the problem would 
have been extremely difficult to find. 
Next month, we will detail other uses 

for the mini-amp. In the meantime, give 
it a try. It can be extremely useful in am-
plifying all types of waveforms within 
the range of 30Hz to 30kHz. Just re-
member, although the mini-amp does 
have an internal dc blocking capacitor 
in its output, it does not have an inter-
nal input blocking capacitor. However, 
an external input blocking capacitor can 
be connected in series with the center 
conductor of the input cable.  • 
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Readers' Exchange   
Continued from page 23. 

G27149TKC01, G27250CPC01, 
G27251TNC01, G27255NPC01, 
G27259HPC01, G2734OCKC01, 
G27350CPC01, G27360GMC01 

(CH. CTC140AD/AJ) 
2715-2  F2058OWNN01, 

F20581EGN01, F20583MKNO1, 
F20590HGNOI, F20591EGFOI, 
F20595BHNOI, F20597AKNO1 

(CH. CTC148P) 

Sears 
2711-1  580.42801850 

Sony 
2712-2  KV-27DS20/21/22/23/24 
(CH. SCC-A81S-A/T-A/U-A/V-A/W-A) 

Sylvania 
2711-2  CLH242PE01/ 

246PE01, RLH342PE01/ 
346PE01, RLH350AK01, 

RLH351AK01/AL01, RLH353HP01, 
RLH355PE01, RLH910AK01, 
RLH912PE01, RNH352AK01/ 

354HP01/356PE01, RNH601WA01/ 
611CHOI, RNH921AK01/926AK01, 

RNH937PE01/938PEO1 
(CH. 25B104/106/107/110) 

2713-2  RNH372AK01/375HP01/ 
378PE01/613CH01/957PE01/ 
958AK01/980AK01/982PE01, 

RPH540AK01/542AK01/ 
546PE01/590AK01/598PE01/ 
713CH01/990AK01/995AKOI 

(CH. 26C902/904, 27C902/03/09/10) 
2714-2  CXH165WA01/2. 

RKH178WA01/2/3/4. 
RKH190WA01/2/3/4. 

RXH169WA01 (CH. 19B105/6. 
20B103/5) 

Toshiba 
2705-2  CF2655J/R, 
CX28409/519 (CH. TAC8910/13/15) 

2706-2  CF2628 (CH. TAC8811) 
2707-2  CF2033J, 

CX21319 (CH. TAC8901/7) 
2708-2  CX2657J, 

CX28579 (CH. TAC8912/17) 
2709-2  CF20413, 

CF2044J, CX21419/49 
(CH. TAC8900/05) 

Zenith 
2710-2  D1920W, 

D3920W, D3930W, D3960W, 
SD1923W/W3, SD1925W, 
SD1995W/W3, SD3923W, 

SD3933W. SD3961Y. SD3961YH 

Back by popular demand — 
FREE Readers' Exchange 

Readers' Exchange has been reinstated as a 
free service, effective with the February is-
sue. If you, as a reader, have an item for sale 
or are looking for an item to buy, or if you're 
wanting to buy or copy a manufacturer's serv-
ice literature or schematic from another reader, 
send in your item and we will publish it at no 
charge. 
The following restrictions apply to Readers' 

Exchange: 
• Publication of Readers' Exchange items is 
on a space-available basis. We make no 
promises or guarantees that any Readers' Ex-
change item(s) will ever be published. 
• Only individual readers may use Readers' 
Exchange, and items must be restricted to 
those that are ordinarily associated with con-
sumer electronics as a business or hobby. If 
you're in business to sell the item(s) you want 
to offer for sale, the appropriate place for your 
message is in a paid advertisement, not Read-
ers' Exchange. 
• Readers' Exchange items must be restricted 
to no more than three items each for wanted 
and for sale, and may be no more than approx-
imately four magazine column lines in length 
(about 30 words, including address). Please 
don't ask the editorial staff to edit your copy 
to fit within the space alloted. 
• Items must be legible and understandable. 
Make sure you write clearly, and explain any 
abbreviations that the editors or our readers 
might not understand. 
• Any Readers' Exchange items that do not 
follow these rules will not be published. We 
regret that we cannot return these items. 
Send your Readers' Exchange submissions 

to: 

Readers' Exchange 
Electronic Servicing & Technology 

P.O. Box 12901 
Overland Park, KS 66212 

WANTED 

Magnavox picture tube I3VAKTCO2, new or good 
used. Devin Lynch, 423 N. White, Kansas City, 
MO 64123; 816-483-6281. 

Service manual for YORX model M268I AM/FM 
stereo. Will purchase or copy and return. Steve 
Beach, 1857 Carina Court, Rio Rancho, NM 
87124; 505-892-8726. 

TUBES WANTED — receiving and transmitting 
tubes. Send your list for bid. New tubes in origi-
nal boxes only. Also need radio IF XFMRS. An-
tique Electronic Supply, 688 W First Sr., Tempe, 
AZ 85281; 602-894-9503, Fax: 602-894-0124. 

Schematic and/or service manual for a Grundig 
model UC-440 car stereo with autoreverse cas-
sette player and AM/FM/MPX radio. John 
Phipps, 1412 Navaho Trail, St. Charles, MO 
63303. 

Mitsubishi flyback, part number 334B07006, for 
model VS506U projection TV. Charles Morgen, 
646 Devon Drive, Nashville, 7N 37220. 

Schematic — compt. ESP volt-syn-timer block, 
model 686-5067-00, manufactured by JCPenney, 
Japan. WM. D. Browning, 311 Saipan, San Anto-
nio, TX 78221; 512-923-7879. 

Part or source for I8-pin IC AM/FM frequency 
synthesizer, part number (SA)8X08N and 
(SA)8XI8N (plastic DIP); or (SA)8X08F and 
(SA)8X18F (ceramic dip). Made by Signetics in 
late 70s to early '80s. Desperate! Mike Kirk. 4502 
Bluejay Court, Woodbridge, VA 22193; 202-822-
2653 (work). 

New or used, discontinued Astatic model X-26 
crystal cutting cartridge (recording head), need 
several. Michael Ames, 7 Hyatt St., Cortland, NY 
13045; 607-255-1941. 

Sams Photofacts — #2411-#2591. Will pay a 
reasonable price. Jennings Hanson, 735 Clema-
tis Road, Venice, FL 34293; 813-493-4159. 

Source for parts and schematics for OEM car ster-
eos in Toyota, Nissan, Mazda and Honda automo-
biles. Anthony Morganti, Amherst Electronics, 
3243 Sheridan Drive. Amherst, NY 14226; 
716-837-6601. 

Source for control-panel re-hab on Amana. Pen-
neys microwave ovens and others not covered by 
known leaders in this business. Charles M. Kel-
ly, 3336 Chatham. Waukegan, IL 60087 

B&K 747B tube checker; RCA/Zenith test jig; 
B&K 1248 color bar generator; waveform moni-
tor; vectorscope; test equipment for A-V repairs. 
Far: 403-473-0931-11. 

FOR SALE 

TV-VCR sales and service. Established more than 
25 years in southern Oregon. Illness forces sale. 
Price and terms negotiable. Paul, 503-476-5613. 

Sams Photofact folders from AM to 2023, $2 each. 
Ray Piper, 6608 12th St. W, Brruknton, FL 34207: 
813-755-3863. 

Cordless phone test equipment and cobra parts: 
telephone line simulator, $180; B/K 1047 phone 
analyzer, $475; RCA test jig adapters, $100 each; 
Panasonic phone technical manuals, $50; cordless 
parts inventory (new), $200; phone batteries 
(new), $3.00 each. Bouletard Radio and 7V Serv-
ice, 1431 Robinson Ave., Havertown, PA 19083: 
215-446-4519. 
Sencore VA62, VC63, SC6I and TP2l2. Boxed, 
all cables and manuals, $3500. Charles 14bodhurd, 
601-482-6106. 

Sams Photofacts #147I-2039, $475; Eico 667 tube 
tester, $45. Bruce McFarland, 220 Norman Ridge 
Drive, Bloomington, MN 55437; 612-835-3759. 

Sencore VA62 with VC63, new condition, in origi-
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nal boxes. Not one scratch, never left on, used 
very little. $2500. 904-767-5879. 

Photofacts: 1160-2648 with filing cabinets. Add 
shipping. Dwight's TV, 1207 Strauss Ave., Indian 
Head, MD 20640: 301-753-9181. 

New 13&K model 290 electronic multimeter; new 
13&K model 1602 high-voltage power supply; new 
Sencore model DVM56A Microranger digital volt-
meter with acc.; recent NRI A-V video servicing 
course. J. McCabe, 208 Geneva St., Elizabeth, 
NJ 07206; 201-289-2235 (evenings). 

Sencore model FS74 Channelizer Sr. TV-RF sig-
nal analyzer. Brian Olin or Marla, 308-848-2590 
evenings, 308-848-2220. 

Well-established A-V service shop in beautiful Se-
dona, located in the temperate, central part of Ar-
izona, Red Rock country. Will sell with or with-
out inventory/equipment. $35,000. Sudden Service, 
2035 Contractors Roqd, Sedona, AZ 86336; 

602-282-2350. 

Parts for Webcor, VM, Symphonic, Arvin, Wes-
tinghouse Glasers, Collaro, Pentron, Norelco and 
others. Will sell or trade. Steve Frank Sr., 525 First 
Ave., Farrell, PA 16121; 412-342-0633. 

Heathkit exhaust gas analyzer, model CI-1080, 
$85; Eico grid dip meter, model 710; $35; tubes, 
new and used; Sams, $5 each, 0-1200. Eddie 
Bryant, 9809 Hilgen Drive, Cleveland, OH 44104; 
216-721-9435. 

Sams Books, all types. all numbers. Loeb, 414 
Chestnut Lane, East Meadow, NY 11554. 

Sencore VA62, 63, 64. EX231, $2,450; Tentel 
VHS gauge package, $1,250. Bob Hendrickson, 
5116 Hutchins St., Winston-Salem, NC 27106; 
919-922-4571. 

Nutronix model TRICOCB light box. $350; Green-
tron model 300A NTSC vector analyzer. $150; 

Panasonic model VFKSOOIC FM detector adjust-
ment jig, $100. Mason, 317 Dorchester Drive, Lin-
itood, NJ 08221; 609-927-7083, evenings. 

Still under warranty: Sencore VA 62 and VC 63; 
Tektronix 2247A oscilloscope with five probes and 
cover. Original shipping containers. 707-823-1103. 

6L6GA. $5 (COD); some XL 100 PCBs (send # 
and will send, if available). $8 each (COD). 
Charles M. Kelly, 3336 Chatham, Kiwkegan, IL 
60087 

MUST SELL: Parts and service data dating from 
1946. Send your needs. Ronald Jensen, 401 N. 
Minnesota, Marshall, MN 56258; 507-532-6458. 

ES&T issues, dated 3/62, 4/62 and 11/65 through 
the present. H. Young, 365 Laughbaum, Galion, 
OH 44833; 419-468-2427 

CFtT equipment, five years old. Best offer. 
815-965-6668. 

 Classified   

Effective with 
March, 1990 Issue 

Classified advertising is available by-the-
word or per column inch. By-the-word: 
$1.65 per word, per insertion. Initials and 
abbreviations count as full words. Blind 
ads (replies sent to ES&T for forwarding) 
are $40 additional. Minimum charge: $35 
per insertion. 

Per Column Inch (Classified Display): 
$235 per column inch, per insertion, with 
frequency discounts available. 1" mini-
mum, billed at 1/4"  increments after that. 
10" maximum per ad. Blind ads are $40 
additional. Reader Service Number $25 
additional to cover processing and han-
dling co.:ts. (Free to 4-inch or larger ads.) 

Optional color (determined by magazine) 
$150 additional per insertion. No agency 
discounts are allowed for classified adver-
tising. 

Contact RenEie Hambleton, 913-888-4664, 
for information on frequency and pre-
payment discounts, or to place your clas-
sified ad. Or send your order and materi-
als to Renee Hambleton, Electronic Serv-
icing & Technology, P. O. Box 12901, 
Overland Park, KS 66212. 

WANTED 

WANTED: NTSC Vectorscope, in good operating condition 
Call BUT Appliance and TV at 507-532-5714 Monday • 
Saturday, 8:00 a.m. - 5:00 p.m.  1-90-11 

WANTED: Sams Photofacts - $2411 through $2591. will pay 
a reasonable price. Jennings Hanson. 735 Clematis Road. 
Venice, Fla. 34293. 813-493-4159  01-90-1t 

FOR SALE 

VHS-VCR Repair Solutions Sets I, II, Ill, IV, V. Each con-
tains 150 symptoms and cures, cross reference chart, free 
assistance, $11.95 each all five $49.95. Eagle Electronics, 
52053 Locks Lane, Granger, IN 46530  12-89-TFN 

PHOTOFACTS: Folders under e1400, $4.00. Above /11400. 
$6.00. Sent same day first-class postpaid. Loeb, 414 Chest-
nut Lane, East Meadow, NY 11554.  12-89-3t 

TV TOUGH DOGS: 300 symptoms and cures. Send $8.95 
to DAVIS TV, 11772 Old Fashion Way, Garden Grove. CA 
92840.  10-87-tin 

REDUCED 75%, Diehl Mark V scanner $219, Diehl Mark 
III scanner $89. New. 2805 University Ave., Madison, Wis. 
53705, 608-238-4629, 608-233-9741.  3-89-tfn 

FOR SALE: Sam's Photofacts set 1091-2660. Minimum 
price $1500. Hennepin Technical College. 9000 Brooklyn 
Blvd., Brookly Park, MN 55445. 612-425-3800. Ade Olson. 

1-90-11 

VCR SYMPTOMS & SO WTIONS Including Emerson, Fish-
er, RCA. Over 100 symptoms and solutions for the most pop-
ular brands - $10.95. Johnsons TV - Video, Helmwood Pla-
za, Elizabethtown, KY 42701  1-90-1t 

TV TROUBLESHOOTING: Over 300 problems/solutions. 
Nothing old listed. $12.00. add $1.50 shipping. Refund if not 
satisfied. Jones Enterprises, Box 702, Niceville, FL 32578. 

12-89-TFN 

450 MHz SPECTRUM ANALYZER 

Adapted from Nov 85 OST article by Al Helfrick, 
K2BLA. Features: Three Digit LED Center Fre-
quency Digital Readout. 12 Position Calibrat-
ed SCAN WIDTH, 1 KHz to 50 MHz, Switcha-
ble Bandwidth; Wide = 300 KHz, Narrow 
10 KHz. Use your Low Frequency Scope for the 
Display Portion. Switchable 10 KHz video fil-
ter: Variable IF Attenuator, LOG output calibrat-
ed in 10 db steps. For complete kit, order #450-
KIT $459.95 plus $4.50 s/h. Calif Residents add 
6% sales tax. Foreign orders add 15% for 
shipping. 

A&A ENGINEERING 
2521, W. LaPalma, #K, 
Anaheim, CA 92801 
(714) 952-2114 

BUSINESS OPPORTUNITIES 

VCR, TV, STEREO SERVICE CENTER, OWNER FINANCE, 
1130 West Camp Wisdom, Dallas, Texas 75232. 214-228-
2779, Mr. Cannings. Owner must travel.  1-90-1t 

LARGE AUDIONIDEO SERVICE BUSINESS. In sunny SW. 
city. Established 20 yrs. Well-equipped. Price 8 terms 
negotiable. (602) 298-8827. eves.  8-89-tin 

HELP WANTED 

Clear Aire Audio located in the forest 
community of Flagstaff at the base of the 
San Francisco Peaks is looking for an ex-
perienced TV technician for bench and 
field service. Audio/VCR experience help-
ful. Largest service center in Northern Ar-
izona. Established 1976. 602-774-5103. 

Experienced TV/VCR Technicians. Looking for high qual-
ity and high production for an expanding shop in Burbank, 
California. Call Arc TV, (818) 848-9998.  1-90-11 

Just the fax... 
Now it's easier than ever to run 
your ad in Electronic Servicing 
& Technology's Classified 
Advertising section. All you 
need to do is fax your ad and 
we'll take care of the rest. 

Easy, right? 
Fax #913/541-6697 

Attention: Renee Hambleton, 
Classified Ad Mgr. 
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"Sperry  Tech's 
Pricing Guide" 
Updated new 6th edition...a 
framework for setting rates 
that  apply  to  Hi-Tech pro-
ducts...a  for mula  that 
guarantees SUCCESS! 

"Call Toll Free for details 
1-800-228-4338 

Circle (20) on Reply Card 

TUBES 'TUBES 'TUBES 
World's Largest Range 

(  105 Maxess Road. Melville. New York 11747 Over 2 000 Types Domestic 6 Foreign 
UP TO 85% OFF zTrsi 
International Components Corporation 
Toll Free 800-645-9154.N Y State 516-293-1500 

Itt  

Circle (22) on Reply Card 

WE'RE THE ONE... 
• With over 12,000 Electronic Products 
• With LOW Prices & Volume Discounts 
• With the PRB LINE of Replacement 
Belts & Tires 

Call Toll FREE 
1-800-558-9572  in Wis. 1-800-242-9553 
24 HOUR ORDERING: FAX: 414-473-4727 

"First in Quality And Service" 

t 2 R 1  E , t ELECTRONICS CO; 
P 0 Box 28 • Whitewater. Wisconsin 53190 

Circle (19) on Reply Cart 

a  SECURITY SYSTEMS 
VCR SERVICING 

DIAGNOSTICS 
REMOTE CONTROLS 

CD LASERS 

TESTING 

THE PZB107 IS A LOW COST HAND HELD BATTERY OPERATED UNIT 
FOR EASY TROUBLESHOOTING OF INFRARED I700.1100nm) EMITTING 
PRODUCTS MODES CAN BE CONTINUOUS on PULSED METER FOR 
THRESHOLD ADJUSTMENTS. SIGNAL PRESENCE / ABSENCE AND 
OSCILLOS COPE TEST JACKS OPTIONAL FILTER, FIBER OPTIC PROBE 
107F0. AND RIGHT ANGLE ADAPTER. 107RA 

P28107 S178 50  107E0519 50  107RA $24 50 

SEND CHECK OR MONEY ORDER TO: 

ZyBCO ENGINEERING 
PO BOX 785  AURORA C,0 80010  13031343-4462 

Circle (21) on Reply Card 

 Advertisers' Index   

Company 

Reader 
Pages Service  Advertiser 

Number Number  Hotline 

Beckman Industrial Corp   21 

Chemtronics, Inc   1 4   

Chicago Case Co.  7 7   

ETA  45    

Fluke, John Mfg., Co., Inc.  5 6   

Fordham Radio Supply Co  IBC 2   

International Components Corporation  60 22   

Iscet  45    

Leader Instruments Corp.  3 5,11   

MOM Electronics   15 15   

Microwave Filter Company  15 14   

Nesda  23,37    

NRI Schools-Electronics Division  13 

Nutronix Inc  37 10   

Parts Express Intl Inc.   19 12   

Prime Electronics  60 19 

Sencore, Inc.   IFC 1  800/SEN-CORE 

Sperry Tech, Inc.  60 20 

Tentel  43 17   

Viejo Publications  45 16   

Viejo Publications  60 23   

Zenith  BC 3 

Zybco Engineering Services  60 21   

3M Magnetic Media Group  9 8 

13 .  .619/495-3200 

800/645-5244 

312/927-1600 

800/359-6706 

800/227-3800 

800/645-9518 

800/645-9154 

817/921-9101 

800/645-5104 

800/543-4330 

800/448-1666 

817/921-9061 

313/939-4710 

513/222-0173 

 414/473-4727 

 800/228-4338 

800/538-6894 

800/537-0589 

800/537-0589 

303/343-4462 

 612/733-4343 

GET IN NOW ON THE $12 BILLION A YEAR 
COMPUTER SERVICE INDUSTRY EARN 

UP TO 
LEARN HOW TO CLEAN/  4 5 /14R , 

MAINTAIN/REPAIR PRINTERS... 
VIEJO S AWARD-WINNING MASHING VIDEO AND 

-  COMPANION TRAINING 
MANUAL OVER 300 
ACTION PACKED PAGES 
REVEALS SECRETS 

riWITH YOUR AVERAGE OF PRINTER REPAIR 

MECHANICAL ABILITY 
WE CAN SHOW YOU 
HOW TO REPAIR UP TO 
95̀.. Of ALL PRINTERS 

START EARNING EXTRA 
CASH IN BAVSI 

• RUSE UNTAPPED MARKET! 
• SERIOUS LACK Of TRAINED TECHNICIANS 

OVER 37 MILLION  APPROXIMATELY 135.. HAVE A PHA  - 
ATTACHED  VASTMAIDRUY OF PRINTER BREAKDOWNS ARE DUE 10 SAG', 
MECHANICAL OR ELECTRO MECHANICAL FAILURE 

OR WRITE '0 VIEJO PUBLICATIONS FREE INFO 
CALL 1-800-537-0589 

ADVERTISING SALES OFFICE 

KOVnomo 
HOME OFFICE 
Stephanie Hanaway, Associate Publisher 
Melissa Langstaff, Advertising Coordinator 
Renee Hambleton, Classifieds 
9221 Ouivira Rd. 
Overland Park, KS 66215 
Telephone: (913) 888-4664 
Fax: (913) 541-6697 

EASTERN U.S. 
Carol Summers 
866 Third Ave. 
29th Floor 
New York, NY. 10022 
Telephone: (212) 702-3402 
Fax: (212) 702-7802 

WESTERN U.S. 
Len Keeler 
27475 Ynez Road, #374 
Temecula, CA. 92390 
Telephone: (714) 694-0774 
Fax: (714) 694-0781 

 • 
Circle (23) on Reply Card 
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ROWE SHOOT RS! 
PRECISION HAND-HELD INSTRUMENTS 

B & K 
Precision Test k W 
• 41 range voltmeter • Ammeter 
• Ohmmeter • Frequency counter 
• Capacitance meter • Logic probe 
• Transistor & diode tester • Extra 
large LCD display 

t 1 1 9 00 

Reg 5'29 95 7 

KOK 
Digital Muitimeter 
• 11 function, 38 ranges including 
Logic Level Detector Audible and 
Visual Continuity, Capacitance & 
Conductance measurements 

Model 
Dv11-638 
Reg S87 50 $79" 

SOX 31/2 Digit 
LCD Mini Meter 
• 05% accuracy • AC/DC Voltage 
• DC current • Resistance • Diode 
test • 300 hrs battery life 
• Overload protection DC-500V, 
AC-350V, ohms • 250V DCIAC 

model 
DVM-630 
Reg S50 00 $32" 

SCOPE Hand-Held 
31/2 Digit LCR Meter 
• Measure capacitance, resistance 
and induction • Overload 
Protection • Includes test leads test 
clips 9V battery and spare fuse 

=0 IS" 

SCOPE Pocket Size 
Audo Signal Generator 
• Sine/square wave patterns • 20Hz 
to 150 KHz • Battery operated 
• Frequency accuracy +3% or less) 
• Output 1 2V rms max no load) 
• Low battery indicator • Test leads 
& 9V battery included 
Model 
RC-555 
Reg 569 95 

$5995 

DUAL TRACE OSCILLOSCOPES 

LW. SPERRY 20 MHz 
OSCILLOSCOPE — 

.1,1  • Built-in component checker 
• Z-axis input • Low power 

IP  consumption • TV Video sync 
• 6, filter • High-sensitivity X-1, mode 

x; • Front panel trace rotator 
• Includes 2 test probes 

Model 620C $ 34995 

HITACHI 35 MHz 
OSCILLOSCOPE 
• 19 calibrated sweeps • 6" 
CRT with internal graticule, 
scale illumination & photo-
graphic bezel • Auto focus 
• kV operation • TV sinc 
separation • Includes 2 
probes 110 1 and 111 

Model V-355 $ 5 
Reg 5899 95 

TRAINERS AND TOOLS 

SCOPE DIGITAL ALL PURPOSE 
TRAINER 92-PC. TOOL CASE 

• Learn log ic circuits and • Complete kit for home, 
equipment design • Connects 

to oscilloscopes, signal 
generators and more • Logic 
probe included • Solderless 

breadboard and cnb sheets help 
you build almost any cirCut 
• Runs off 4 "AA batteries or 

AC adapter included) 

• Reg 5149 95 
M 111 1 1 0 00  $1 2 995 

- _at  

workshop and auto • Includes 
52-pc socket set with extenders 
• 2 tool pallets with roomy 
rear storage compartments 
• Attractive, rugged carry Case 

Model FTK-28 

Reg 5169.95 

ASK FOR YOUR FREE CATALOG 

Fordham TOLL FREE 800•645-9518 
260 Motor Parkway 
Hauppauge, New York 11788 

(In NY State 800-8321446) 

Money orders, checks accepted 
COD's require 25% deposit. 

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

FO n ORDERS 
$O-50 
$51-100 
$101-200 
S201-300 
$301-100 
$4401-5C0 
SS01-750 
$751-1000 
$10011250 
$1.251-1500 
$1.501-2.000 
$2001 and U0 

ADO 
$0150 
81300 
$800 
$1900 
$1000 
$12 00 
$1S00 
$1150 
$20 50 
M OO 
$5000 
$3500 

Circle (2) on Reply Card 



INSIST ON Tf,w,ro of the m exchanging pogt im 
'Zenith replace-GENUINE reasons ace-GENUINE ZENITH ment parts  through your participating dis-

FACTORY-FRESH 
REPLACEMENT PARTS 1) Your replacement 

part will most likely 
contain the latest AUTHORIZED Zenith engineering 

updates, 
EXCHANGE COUNTERS 2) You will be assured 

THROUGHOUT THE U.S 

NOW AVAILABLE AT 

tributor's Exchange 
P   

of receiving a factory-
• fresh replacement part 

remanufactured and serviced 
for reliability by Zenith people 

as knowledgeable and dedi-
cated as those who made 
the original. 
Don't risk exchanging sophis-
ticated Zenith modules, tuners, 
channel selectors and sub-
assemblies anywhere else. 
Write today and we'll help 
you locate an authorized 
distributor Exchange Counter 
near you! 

The quality goes in before the name goes on. 

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


