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Oops Proof. Now Even Better. 
Industry's Most Popular Heavy -Duty DMMs.. 
Now Even Better With Dual -Fuse Protection 

And A Tougher Case. 
The tough just got tougher. When 
Beckman Industrial introduced heavy- 
duty DMMs tough enough to withstand 
accidental drops, input overloads and 
destructive environments, they quickly 
became the industry's most popular. 

Now they're even tougher, thanks to 
the best dual -fuse protection you can buy 
and a new case. Covered by a one-year, 
no-fault guarantee against damage to the 
meter other than gross abuse. 

For overloads, all voltage ranges can 
withstand transients up to 6KV. Resistance 
ranges are protected to 600 volts. Current 
ranges are protected by a 2 amp/600 volt 
fuse. The 10 amp range is protected by a 15 

amp, 600 volt high energy fuse with 
100,000 amp interrupt rating. 

r;runsow 
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Valox® is a registered trademark of General Elec 

Our heavy-duty DMMs can with- 
stand accidental drops, literally bouncing 
back for more, thanks to a new case made 
of Valox® one of the most impact and 
corrosive chemical resistant thermoplas- 
tics around. Sensitive components are 
shock mounted for impact protection. 

Even oil, water and industrial grime 
can't keep our heavy-duty DMMs away 
from the action. Everything is sealed with 
o -rings for maximum protection. 

Of course, even the toughest DMM 

isn't much good if it can't deliver accuracy 
and the right combination of capabilities 
at the right price. 

Check the HD DMM specs for your- 
self: Maximum voltage rating of 1500 volts 
DC, 1000 volts AC; tested to 10KHz; diode 
test function; and exclusive Insta -Ohm® 
capability, now with an audible beeper, to 

make your HD even easier to use. 

What's more, you can select just the 
model you need without paying extra. 
Whether it's the economical HD -100 at 
3169.00 for solid, all-around meter per- 
formance, the HD -110, or the HD -110T that 
lets you select Farenheit or Celsius temper- 
ature measurement with a simple field 
adjustment, accurately measures from 
-4°F to -1999°F, works with any K - 

type thermocouple, and measures a 

range of 32°F to 392°F with the 
thermocouple provided. 

You can even get true RMS capa- 
bility (AC coupled) with a 41/2 digit 
display required by the HD -140's 
accuracy. 

etalemiLlmine 

HEAVY DUTY 

S,a gym- .1.01 

DMMS HD100 HD11O HDHOT HD14$ 

Digits 31/2 31h 31/2 41/2 

Accuracy (Vdc) 0.25% 0.25% 0.25% 0.05% 

Input Impedance 22 Megohms 10 

Megohms 

AC Conversion 
Type Average True RMS 

Open Circuit 
Voltage (In OHMS 

Range) 500mV 4V 

Voltage Burden 

(DC Amps) 250mV 

Current Ranges 200µA 

2A l0A 

Beeper i j 

Battery Life 

(Av. Hrs.) 2000 100 

Visit your local Beckman Industrial 
distributor today. Compare. And discover 
why the toughest are tougher than ever. 

rrearra peal' W Y/ /lima, Y11/L/ IYI 
Beckman Induanal toryorauoli Instrumentation Produits Uieision 
A Subsidiary of Emerson Electric Company 
630 Puente Street, Brea, CA 9262! 
(714) 671-4800 FAX: (714) 6714874 TLX: 188790 

© 1986 Beckman Industrial Corporation 
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INTRODUCING THE 
REPLACEMENT FOR OUR 

REPLACEMENT GUIDE. 

Reliable 
Replacement 

Semiconductors 

RCA's new SK Guide 
gives you 
accurate solid state 

ts. 
In the world of semiconductor 
replacements, no one outper- 
forms RCA's engineering excel- 
lence. We're in the business of 
manufacturing semiconductors, 
so you can depend on our 
reliability. 

Our new, expanded RCA SK 
Guide to Reliable Replacement 
Semiconductors lists more than 
2,900 SK and KH types that 
replace over 214,000 industry 
types. And, for the first time, 
QMOS logic devices and an 
extensive line of RF types are 
included. 

The new RCA SK Replace- 
ment Guide (SKG202E). It's the 
only solid state replacement 
source you need. For a copy, see 
your RCA SK Distributor. Or mail 
a check or money order for 
$3.25 to RCA Distributor and 
Special Products Division, Box 
597, Woodbury, New Jersey 
38096-2088. 

RCA SolSK id Stat 
Replaceeement 
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The how-to magazine of electronics... 

GIGOTRORIO 

12 
Disk drive/printer 
servicing 
By Conrad Persson 
These computer peripherals 
are fragile, but a careful 
technician, following 
sequential servicing 
procedures, can handle 
the task. 

17 
Troubleshooting 
horizontal ICs, part 1 

By Homer L. Davidson 
To phase -lock any TV 
oscillator frequency with a 
broadcast station, three 
basic signals always are 
required. 

22 
Testing serial 
communication with 
a break-out box 
By Doug Swain 
When programmed 
communication breaks down 
within the computer system, 
a break-out box often can 
speed the technician's 
isolating this type of 
problem. 

page 22 
A break-out box is a hand-held, portable 
test instrument that may use faceplate 
voltage to simulate missing signals in 
solving computer communication prob- 
lems. (Photo courtesy Beckman Industrial.) 

page 12 
According to the author, disk drives are 
delicate, but need not be treated ginger- 
ly as if they were cracked eggs. 

Departments: 
6 Editorial 
8 News 

10 Feedback 
31 Profax 
39 Literature 
41 Troubleshooting Tips 
42 Symcure 
43 Books 
50 Products 
51 Photofact 
58 Audio Corner 
60 Computer Corner 
62 Video Corner 
64 Reader's Exchange 
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40 
Test your electronics 
knowledge 
By Sam Wilson 
This month's quiz appears to 
reinforce the editorial (or 
vice versa): There is quite a 
bit of math involved. 

44 
MTS: TV sound in stereo, 
Part 2 
By Lambert C. Hunneault 
Continuing his review of 
multichannel TV sound, the 
author begins part 2 with a 
brief history of the sound 
system that includes two 
sub -channels, and that first 
was aired commercially in 
the 1984 Summer Olympics. 

52 
What do you know about 
electronics? - Circuits 
used in digital audio 
circuits 
By Sam Wilson 
This series on CD circuits 
began in the January issue 
of ES&T, and will be 
continued in a 
future issue. 
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rowercu 
Choose 

the current LBO -325 a5 for ac only. 
or 

Sometimes it's hard tQ 
go back for a scope! 
60 -MHz full -function 
field -service Attache Case 
Oscilloscope is so light and 
small it will be taken 
everywhere, every time. 
LBO -325 packs all the power and 
performance of a cumbersome, 
backbreaking, 60 -MHz workbench 
oscilloscope into an easy -te -carry, ultra - 
compact, featherweight unit. Although its 
31/2 -inch CRT is as big and clear as 
screens on large field -service scopes- 
LBO-325 weighs only 9 lbs. So it won't 
weigh field -technicians down, no matter 
how far afield they go! LBO -325 is so 
small it fits inside a 3 -inch deep attache 
case with room to spare for a multimeter, 
service manuals and some tools.The ideal 
full -function scope for a cramped 
work area or crowded bench. 

Reduces the cost of 
service calls. 
Time is money. A scope 
left in the vehicle takes 
time to retrieve. One kept 
in the shop causes repeat 
service calls. The LBO -325 

Attache Case Oscilloscope is so 
easy to carry anc use, techs will 
take it everywhere, every time. 
And the time saved translates into 
extra profits for years to come. 

Outperforms all other 
portables: 

60 MHz Dual channel ALT TIME 
BASE simultaneously displays main 
waveform and any expanded portion 

ALT TRIG for stable display of. 
2 asynchronous signals Bright, 
sharp 12 -kV trace Large 31/2 -inch 
PDA CRT Illuminated graticule 

Comprehensive triggering TV -V and 
TV -H sync separators Variable trigger 
hold -off Delay tine shows sharp leading 

edges CH -1 output drives 
low -sensitivity instruments 
Measures only 3 x 9 x 113/8 

inches Weighs 9 lbs. 

Two-year warranty. 
Built tough to provide long 

use, LBO -325 is backed by 
Leader's 30 -year reputation 

for reliability and by 
factory service depots 
on both coasts. 

LB 3-325 CRT is show i actual size. 

Call e(41 -free. 

(800) 645-5104 
In NY State 

(516) 231-6900 
Request an evaluation sample, our 
latest Test Instrument Catalog with over 
100 outstanding products, the name and 
address of your nearest "Select" Leader 
Distributor, or additional information. 

Forprofessionals 
who 

kthe LEADER 
difference. 

380 Oser Avenue 
Hauppauge, New York 11788 

Regional Offices: Chicago, Dallas 
Los Angeles, Boston, Atlanta 

In Canada call Omnitronix Ltd. 
(514) 337-9500 

Circle (4) on Reply Card 
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Editorial 

Mathematics 
in 

electronics 

A lot of people get bent out of 
shape when we try to introduce 
mathematical considerations into 
discussions of electronic servicing and 
electronic technology. "Never mind 
the math," runs the argument, "just 
give us the facts." 

Math does sometimes get difficult 
and confusing: There's algebra and 
trigonometry, geometry and even 
calculus, whatever that is. 
Unfortunately for those of you who 
don't care to be exposed to the rigors 
of mathematics, electronics is a 
largely mathematical pursuit. You 
just can't separate electronics and 
mathematics. 

Take a simple case: two parallel 
resistors. If you want to calculate the 
equivalent resistance you have to deal 
with the formula 

Req = R,R2 
R1+R2 

Here's another simple example, but 
one where knowing just a little math 
will help you analyze a problem in a 
circuit. Let's say you want to find the 
current flowing in some circuit 
branch, but you really don't want to 
break the circuit to insert an 
ammeter. In many cases you can 
figure that out using the most 
rudimentary of mathematical 
calculations. If there's a resistor in 
that branch, you can measure the 
voltage across the resistor, then 
divide that value by the value of 
resistance shown by the color bands. 
To hedge your bets, you might 
calculate a low value and a high value 
by figuring in the tolerance marked 
on the resistor. 

Some electronics values don't even 
have meaning unless the mathematics 
behind them are understood. Rms is a 
good example. If you have a regular 
alternating signal, say a sinewave, 
and if you try to calculate the 
average value, you find it's zero. 

That's because the value of the signal 
above the zero line is exactly equal to 
that below the zero line. So what do 
you do to find the effective value of 
such a signal? Simple! Square the 
signal (squaring makes the whole 
thing positive), find its average value, 
then take the square root (hence rms: 
you're finding the root of the mean of 
the square). 

Here's another example: When you 
put a signal into a series circuit 
consisting of a resistor and capacitor, 
say a square wave, and look at the 
output you'll find that you're looking 
at that time constant curve in which 
the voltage is climbing toward the 
value of the input, but never quite 
makes it. Such a circuit is said to be 
an integrator, but just what does that 
mean? 

You'll have to refer to that branch 
of mathematics developed 
independently by the Messrs. Newton 
and Leibnitz, the calculus, to find an 
answer for that. Basically, though, 
the circuit produces an output voltage 
that is proportional in value to the 
area under the curve of the input 
signal. 

Examples of the mathematical 
nature of electronics abound: the 
relationship between frequency and 
impedance, the relationship between 
frequency and wavelength. In 
electronics, mathemetics is 
everywhere. 

"But mathematics is hard." It sure 
is. "And a lot of electronics theory 
and servicing will yield without 
math." Also true. In fact, there's a lot 
of electronics where it doesn't make 
any sense to consider a mathematical 
approach. In such cases, forget the 
math. But math can be useful both in 
understanding electronics theory and 
in servicing electronics products. 
Don't harden your mind against using 
math where it can be useful. 
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Only NRI teaches you to service all computers 
as you build your own fully IBM- 
compatible micro computer 

With computers firmly established in 

offices-and more and more new 

applications being developed for every 

facet of business-the demand for 

trained computer service technicians 

surges forward. The Department of 

Labor estimates that computer service 

jobs will actually double in the next ten 
years-a faster growth rate thm.n for any 
other occupation. 

Total systems training 
No computer stands alone... 
it's part of a total system. And if 
you want to learn to service and repair 
computers, you have to understand 
computer systems. Only NRI includes a 

powerful computer system as part of 

your training, centered around the new, 

fully IBM-compatible Sanyo 880 Series 

computer. 

As part of your training, you'll build 
this highly rated, 16 -bit, IBM-compatible 
computer system. You'll assemble 
Sanyo's "intelligent" keyboard, 
install the power supply and disk 
drive and interface the high - 
resolution monitor. The 880 

Computer has two operating 
speeds: standard IBM speed 
of 4.77 MHz and a remarkable 
turbo speed of 8 MHz. It's con- 

fidence -building, real -world 

experience that includes training 
in programming, circuit design 
and peripheral maintenance. 

No experience necessary- 
NRI builds it in 
Even if you've never had any previous 
training in electronics, you can succeed 
with NRI training. You'll start with the 
basics, then rapidly build on them to 
master such concepts as digital logic, 

microprocessor design, and computer 
memory. You'll build and test advanced 
electronic circuits using the exclusive 
NRI Discovery Lab®, professional digital 
multimeter, and logic probe. Like your 
computer, they're all yours to keep as 

Your NRI total systems training includes all of 
this: NRI Discovery Lab to design and modify circuits 

Four- unction digital multimeter with walk -you -through instruction 
on audio tape Digital logic probe for visual examination of 
computer circuits Sanyo 880 Series Computer with `"intelligent' 
keybcard and 360K double -density, double -sided disk drive 

High resolution monochrome monitor 8K ROM, 256K 
RAM Bundled software including GW BASIC, MS DOS, 
WordStar, CalcStar Reference manuals, schematics, 
and bite -sized lessons. 

NRI is the only 
technical school that 
trains you on a total 
computer system. 
You'll install and 
check keyboard, 
power supply, disk 
drive, and monitor, 
following step-by- 
step directions. 

part of your 
training. You even 
get some of the 

most popular software, including WordStar, 
CalcStar, GW Basic and MS DOS. 

Send for 100 -page free catalog 
Send the coupon today for NRI's 100 - 

page, full -color catalog, with all the facts 
about at-home computer training. Read 
detailed descriptions of each lesson, 

each experiment you perform. See each 
piece of hands-on equipment you'll work 
with and keep. And check out NRI 
training in other high-tech fields such 
as Robotics, Data Communications, 
TV/Audio/ Video Servicing, and more. 

SEND COUPON TODAY FOR FREE NRI CATALOG! 

MAP, SCHOOLS 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue, NW, Washington, DC 200 

We'll give you tomorrow. 

[CHECK ONE FREE CATALOG ONLY 

E Computer Electronics 
TVIAudioNideo Servicing 

E Satellite Electronics 
Robotics & Industrial Control 

Data Communications 

16 : cI r: 
r 

Industrial Electronics 
Communication Electronics 
Electronic Design Technology 
Telephone Servicing 
Digital Electronics Servicing 
Basic Electronics 

Electricians 

For Career courses 
approved under GI Bill 

check for details. 

Appliance Servicing 
Small Engine Repair 

E Air Conditioning, Heating, & 

Refrigeration 
Locksmithing & Electronic Security 
Building Construction 
Automotive Servicing 
Photography 
Bookkeeping & Accounting 

Name (Please print) Age 

Street 

City/State/Zip Accredited by the National Home Study Council 2-027 I 
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Electronics design by computer 
to triple by 1990 

The application of computers to 
help engineer new electronic de- 
vices is snowballing at a rate near 
30% a year in the United States, 
says a new study, creating "one of 
the most exciting technological 
developments of this century" and 
what could well be a model that 
other disciplines will follow. 

"Computer -Aided Electronics 
Engineering (CAEE) in the U.S." 
(No. 1632), a 312 -page report just 
completed by Frost & Sullivan, 
says the old distinctions between 
computer -aided design (CAD) and 
engineering (CAE) have blurred. 
CAE in making electronics - inte- 
grated circuits or circuit 
boards - now encompasses the en- 
tire design cycle from modeling 
the behavior (logic) of a system to 
putting out the complete specifica- 
tions of a workable design. The 
fact that today's computers are 
vastly better than what was 
available five years ago "has en- 
abled the leap from the drafting 

room to the engineer's desk," 
Frost & Sullivan says. It predicts 
the installed base of CAEE sys- 
tems will grow some 29% a year 
between 1985 and 1990- from an 
estimated 58,000 seats in 1986 
("seat" being either a computer or 
workstation terminal) to about 
151,000 by 1990. 

Improperly repaired 
computers explode 

Three Compaq portable com- 
puters have exploded because they 
were rewired incorrectly, said Jeff 
Stives, spokesman for the Compaq 
Computer Corporation, according 
to a recent Associated Press story. 
No one was hurt, but the explo- 
sions were sufficiently forceful to 
have caused injuries. 

When technicians rewired the 
systems boards of these Portable 
II computers, they incorrectly con- 
nected to a 5V power supply, each 
of the 3.6V lithium batteries that 
run the computers' internal clocks. 
The batteries are not recharge- 
able, and became drained when the 
computers were turned off. The 
spent batteries exploded when 
operators turned on their com- 
puters. To forestall the possibility 
of more blasts, the company is of- 
fering free replacement parts. 

Stives said that Compaq will re- 
place the systems boards of all 

models of the Portable II even 
though there is no danger of explo- 
sion unless the computers are im- 
properly repaired. BM, 

PLEASE 
NOTE 

SYMCURES 
and T. TIPS 

Beginning in January, ES&T 
will pay the following rates for 
reader -submitted items accepted 
for publication: 

SYMCURE per page - $60 

TROUBLESHOOTING 
TIPS - $25 each 
If you have solved one or more 
difficult servicing problems, 
share these unusual experiences 
with other ES&T subscribers. 

Write for guidelines. 
ELECTRONIC SERVICING & 

TECHNOLOGY 
P.O. Box 12901, 

Overland Park, KS 66212 

GIGOTROOiG 

Editorial, advertising and circulation cor- 
respondence should be addressed to: P.O. Box 
12901, Overland Park, KS 66212-9981 (a suburb 
of Kansas City, MO); (913) 888-4664. 
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Nils Conrad Persson, Editor 

Carl Babcoke, Consumer Servicing Consultant 
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MP 

Member, Audit Bureau 

of Circulation 

Member, American 
Business Press 

Member, Electronic 
Servicing Dealers 

Association 
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tronics equipment. 
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An improved production tech- 
nique introduced by General Elec- 
tric promises optical variations in 
compact discs to a uniformly low 
level, resulting in enhanced disc 
performance. It's the result of a 
joint development project involv- 
ing GE, Engel, and Caco Pacific 
Corporation, bringing together ad- 
vances in materials, injection - 
molding technology and mold 
design. 

The optical quality of a compact 
disc is essential to its performance. 
In a CD player, the digitally en- 
coded music stored on a disc is 
"read" by passing a laser beam 
through the disc and reflecting it 
off the metalized back surface. 
Defects in the disc bend or diffract 
the laser beam, degrading the 
sound quality. 

Commercial CD plants operate 
under strict quality -control pro- 
cedures, yet the reject rate has 
been high. As a result, a major ef- 
fort has been mounted to reduce bi- 
refringence, the technical term for 
optical defects that can distort the 
laser beam. 

GE tests indicate that CDs 
created by the new fabrication 
technique show a factor of three 
reduction in optical birefringence 
over discs made by conventional 
means from the same resin. 

A CD is fabricated by injecting 
molten plastic into a mold. In the 
conventional approach, the plastic 
disc - as it cools and solidi- 
fies-shrinks slightly away from 
the mold's edge. 

The new CD fabrication . tech- 
nique counteracts the shrinkage 
problem with an optimized coining 
mold used in conjunction with 
novel injection -molding machine 
control technology. After the 
molten plastic has been injected, 
the molding machine employs a 
patented toggle mechanism to 
decrease the mold's thickness 
slightly while the plastic is harden- 
ing and shrinking. This keeps the 
mold's surface in firm contact with 
the plastic as it cools. 

New production 
technique enhances 
CD quality 

Because of its accuracy in 
reproducing sound, the CD has 
revitalized the record industry. A 
CD stores musical information in 
digital form, in strings of l's and 
0's represented by up to 15 billion 
microscopic pits in the disc's sur- 
face. They perform the same func- 
tion as the grooves in a conven- 
tional long-playing record. 

After the pits are molded into 
the transparent plastic disc, it is 
given a reflective coating and 
covered with a protective sealant. 
As the completed disc spins in a 
CD player, a laser beam is reflected 
off it, reading the encoded data 
and relaying the information to a 
computerized sensor for ultimate 
conversion back to sound. gm, 
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Letter to Wallace Harrison 
Director of Communications 
NESDA/ISCET 

I am considering going back into 
the field of electronics, with a 
strong possibility of my own 
business. With your experience 
and up-to-date knowledge of the 
electronics industry, would it be 
more feasible to get into VCR 
servicing, or computer servicing? 

I know that the sale price on 
both of these items has dropped 
considerably. As with some of the 
television sets that are now throw- 
away items, I do not want to start 
into something that will not pay 
off after investing in the necessary 
test equipment for servicing. 

Any information you send me on 
the prospects of VCR servicing, 
computer servicing, hands-on 
training schools, or courses to gain 
experience would be deeply ap- 
preciated and very helpful in decid- 
ing which servicing to start. 
Robert J. Horsley 
Buffalo, NY 

Your letter poses some very dif- 
ficult questions. 

As you know, electronics is a 
rapidly changing technology. The 
businesses that serve the industry 
must also be fast -changing. Based 
on the skimpy information you 
provided about yourself, I'd have to 
say that, if you're just "thinking" 
about getting into the electronics 
service business, you shouldn't. 

Not only does this complex 
technology undergo constant 
change, the products are also 
becoming ever -more reliable. And, 
as you noted, the prices for these 
better (and more complicated) 
products keep dropping. This 
means that they don't need repairs 
nearly as often and, when they do, 
the low replacement cost won't 
justify any kind of major repair. 
More businesses are vying for fewer 
repairs on less -expensive products. 
Radios have been throwaway items 
for many years. This has become 
true of many TV sets. It's becoming 
true for VCRs and, in some cases, 
even computers. To top it off, vir- 

tually no manufacturer will pay 
profitable rates to do in -warranty 
service and, by the time the product 
is out of warranty - and does 
fail -it's bordering on obsolescense. 

That's not to say that you can't 
make a living in the business. We 
have a number of members who are 
doing quite well, thank you. But 
you are pretty much going to have 
to decide whether you want to be a 
technician or an owner/manager. 
There aren't too many people who 
can adequately do both jobs any- 
more; particulary in a small 1- or 
2 -man operation. If you have to 
deal with all the pressures of run- 
ning a business (acquiring capital, 
generating business, preparing 
and interpreting profit -and -loss 
statements, maintaining cash flow, 
managing employees, dealing with 
customers, complying with record - 
keeping, tax and licensing re- 
quirements, etc.), you don't have 
enough time left over to repair the 
product AND keep up with the tech- 
nology. By the same token, most 
people who work the service bench 
are ill -prepared for business 
management. Also, as you in- 
dicated, expensive test equipment is 
needed to tend properly to today's 
complex electronic circuitry. 

If you have extensive training in 

business management - and have 
access to lots of capital-and can 
readily employ the number of com- 
petent technicians you will need, 
and have studied the market in 
your area, then you might well 
want to start your own business. If 
you don't have management skills 
and/or capital but do have a solid 
background in electronics theory 
(or can get it), you might want to 
get your knowledge updated at a 
good technical school and go to 
work as an electronics technician. 
(Good technicians are hard to find 
and can command a pretty good 
salary in today's market if they can 
repair the product fast enough for 
the company to profit from 
volume.) Or, you may want to pur- 
chase an existing business. That 
way, you could start with a 
customer base, some in -place test 
equipment, probable access to good 
technicians, and often can work out 
long-term financing. 

For more specific information, 
you might want to contact the trade 
association in your area. If so, con- 
tact Mr. Paul Totaro of the 
Western New York Electronics 
Guild at 490 Grant St., Buffalo, 
NY 14213. 
Wallace S. Harrison 
Director of Communications 

10 -year index available, catalogued according to TV manufacturer 
In response to Mr. Jim Watkins (or anyone else for that matter) 

letter to you concerning a 10 -year drop us a line for prices. 
index of articles, Symcures, tough Larry Gribbin 
dogs, we maintain such a file on all Farrell Electronics 
electronic magazines. The index is 127 Providence Ave. 
catalogued by TV manufacturer: South Portland, ME 04106 
Find the TV model number you Editor's Note: As a service to our 
need information on and you have readers, ES&T is publishing Mr. 
a 10 -year history of the various Gribbin's full address, along with a 
defects. sample from the index he describes 

If Mr. Watkins would like a copy in his letter. 

1973 January This is a portion of one page from the ES Symcure file. 

Pa. 8 

Pa. 12 
Pa. 12 

Pa. 12 

February 
Pa. 8 

Admiral 1K10 -1A - 

Admiral 3H10 - 

Admiral 1K10 -1A - 

Wards GEN -11960A - 

Admiral K10 -2A - 

Wards GEN -11960A - 

GE C1/L1 & C2/L2 - 

Magnavox T979 - 

Magnavox T936/T956/T957 
Sony KV -1710/1720 - 

Sony KV -1510 - 

Silvertone 528;4347 & 
Similar - 

Silvertone 528;4347 & 
Similar - 

Inter -weak Pix & Sound 
Can't Lock Color 
Excessive Brightness; Weak 
Video 
No Vert. or Horiz. Lock 
Insufficient Ht: Hold at one end 
Pix bending and Horiz Instability 
Distorted Sound on CATV 
Bright Horiz. Line Moving 
Upward 

-Black Vert. Line in Pix 
Black Vert. Line in Pix 
Red Smears on B -W 

Excessive Color & Reddish Tint 

Several Horiz. Bars in Pix 
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THE ANSWER IS IN TEK 
DIGITAL STORAGE. 

FOR AS LITTLE AS $4150! 

-reildatrortloc_ 
Now get the best trn ---- 
of both worlds, analog 
and digital, in one familiar, 
easy -to -use package. With 
the 100 MHz Tek 2230 and 
60 MHz 2220 you benefit 
from 20 MS/s digitizing plus 
analog operation to each 
scope's bandwidth. Just 
push a button for real-time 
display analysis! 

Expect the most for your 
money-and get it-with 
Tek. You can capture events 
as narrow as 100 ns at any 
sweep speed-using Tek's 
proprietary peak detect 
mode. Trigger on complex 
waveforms using variable 
sweep holdoff. View events 
prior to or following a trigger 
event with pre/post trigger. 
Eliminate noise with built-in 
signal averaging. Store 
acquired waveforms as 
either 1K or 4K records. All 
with unrivalled convenience 
and confidence in your 

.. 

iix 2230.i.n.,_.nco.Me. 

Features 2230 

.e..z 
. ,,, aro.,ad* 

2220 

Analog/Digital Storage BW 

Max. Sampling Speed 

Record Length 

100 MHz 

20 MS/s 

4K/1 K (selectable) 

60 MHz 

20 MS/s 

4K 

Save Reference Memory One, 4K 
Three, 1K 

One, 4K 

Vertical Resolution 8 bits 8 bits 
10 bits (AVG mode) 

12 bits (AVG mode over bus) 

CRT Readout Yes No 

Cursor Measurements 

GPIB/RS-232-C Options 

Battery -Backed Memory 
(save 26 waveform sets) 

Yes (storage mode) 

Yes ($850) 

Yes (inc. with 2230 
communications options) 

No 

Yes ($550) 

No 

Price $5150 $4150 

measurement results. 
Both scopes offer 

optional GPIB or RS -232-C 
interfaces. With either 

option the 2230 also 
includes battery -backed 
memory that provides 26Kof 
keep -alive CMOS memory 

-for storing up to 
26 waveform sets. 

Call Tek direct to 
get your free video or 

diskette demo. Or to place 
an order! Ask about free Tek 
digital storage application 
notes and educational 
materials. Technical person- 
nel will answer your ques- 
tions, take an order and 
expedite delivery. Orders 
include complete documen- 
tation, operating manuals, 
worldwide service back-up 
and Tek's 3 -year warranty 
that even covers the CRT. 

Call Tek direct: 
1-800-433-2323 for video 
or diskette demo 
1-800-426-2200 
for orders and/or 
technical advice 

In Oregon, call collect: 
1-627-9000 

Téktronbc© 
Circle (5) on Reply Card 

Copyright ú 1986. Tektronix, Inc. All rights reserved. TXA-694A 

COM1MiTEO TO EXCELLENCE 

www.americanradiohistory.com



Disk drive/printer 
servicing 

By Conrad Persson 

This article is an introduction to 
disk drive and printer servicing, to 
familiarize readers with the 
physical realities of these devices, 
how they're constructed, how to 
get at the operating parts, general 
trouble symptoms and possible 
causes. There are so many dif- 
ferent types and capabilities that it 
would not be possible to get into 
specific symptoms and cures. 

Physical characteristics 
Printers and disk drives are 

fragile and must be handled with 
care both mechanically and elec- 
trically. That means that when 
handling these units, you must be 
careful not to jar them or drop 
them. There are mechanical com- 
ponents that might jog out of posi- 
tion, become misaligned or both. 

Electrically, these units are 
fragile, too; always remove power 
before connecting or disconnec- 
ting anything. Connecting or 
disconnecting peripherals to or 
from the computer with power ap- 
plied to the computer, to the 
peripheral or to both may be harm- 
ful or fatal to either unit. 

It also is important to follow the 
correct sequence of operations and 
observe the correct procedures 
when operating or servicing a 
computer system. 

On the other hand, these units 
are rugged enough to withstand 
normal handling during servicing, 
and so you needn't handle them as 
though they were cracked eggs, 
either. When necessary, you can 
turn one over to remove screws or 
otherwise gain access to the 
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underside of the unit; do be gentle 
and careful. 

And don't forget, most of these 
products contain electronic com- 
ponents such as integrated circuits 
that are susceptible to damage 
from electrostatic discharge, so 
take precautions. 

Diagnosing the problem 
When a malfunction occurs in a 

computer peripheral such as a 
printer or disk drive, the first 
diagnostic step is to isolate the ac- 
tual cause of the problem: The 
problem might be in the peripheral 
that's exhibiting the problem, or it 
might be anything else, such as the 
connecting cable, connectors at 
either end of the cable, any kind of 
interface device between the com- 
puter and the peripheral, or it 
could be a computer hardware or 
software fault. 

Diagnosing a malfunction in 
a computer peripheral demands 
the same logical, step-by-step 
procedure as troubleshooting 
any other consumer electronic 
product. Here's one possible 
sequence of questions you might 
ask when a printer or disk drive 
malfunctions. 

What is the exact nature of the 
malfunction? Did the input fail to 
respond to a command, or was it and electronic components. 
operating normally and then 
malfunctioned? 

What kind of program was run- 
ning at the time? 

Has this happened before? Were 
the circumstances similar? Was 
the program the same one? 

Is the problem temperature 
related? (Feel the heat generating 
areas of the unit and see if the 
temperature seems excessive.) 

Troubleshooting steps 
Here are a few suggested pro- 

cedures to follow when a 
peripheral malfunctions. They are 
not in any particular order, and 
which ones you perform first 
depends on the nature of the prob- 
lem, as well as your own 
preferences and experience. 

Reset the system. Shut 
everything down for a moment 
then turn it back on and reload the 
program that was running when 

To gain access to the working parts of a Commodore 1541 disk drive, remove four 
screws (arrows) from the bottom, turn back upright and lift cover off. 

Removing these two screws releases shield and gives you access to the mechanical 
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In the foreground, are the drive and read/write components of the disk drive. The ar- 
row points to the read/write head. Above the dead is the pressure pad. Removal of 
the large circuit board will give you access to the rest of the drive's components. 
Careful, some of the components on this board are susceptible to electrostatic - 
discharge damage. 

This view shows the Star SG -10 printer with the dust cover removed, but with the 
main cover in place. Two screws at the back are all that secure the cover. Don't 
forget to remove the tractor feed unit before trying to remove the cover. Top arrow 
points to the platen adjusting lever, lower arrow to print head drive belt. 

View of the Star SG -10 printer from the right hand side. Arrows point to, from left: 
switch pc board, print head drive motor, paten drive motor, line fuse. 

the malfunction occurred. If this 
solves the problem, the problem 
might have been caused by some 
kind of power glitch, some com- 
bination of computer operations 
that only occurs once in millions of 
operations, or some other entirely 
mysterious one-time occurrence. If 
this does not solve the problem go 
on to to the next step. 

Reset the system and load a 
know -good program of equal 
length and run it. If the problem 
does not occur, it could have been 
because of a problem in the soft- 
ware, or it may be that the soft- 
ware causes the hardware to 
operate in some specific sequence 
that reveals a rarely occurring 
problem. The only way you'll be 
able to find out for sure is to get a 
known -good copy of the software 
and run it, or run the suspect soft- 
ware on another identical 
machine. 

If preliminary steps point to a 
hardware problem in the printer or 
the disk drive, isolate that unit to 
test it. Let's say the printer either 
doesn't operate, or prints a lot of 
strange looking characters. 

The first thought would be to 
decide that the printer was at 
fault. Most printers have a self - 
test function that will let you test 
the printer separately from the 
rest of the computer system. In 
the case of my Star SG -10 dot- 
matrix printer, for example, in 
order to test the printer, it is only 
necessary to turn the printer off 
then hold down the LF switch 
(Line Feed) while turning the 
printer back on. If the printer is 
working properly, it will proceed 
to print out all of the characters it 
is capable of providing. If this self - 
test operates properly, it suggests 
the problem is somewhere else in 
the system. 

Some simple fixes 
on a dot-matrix printer 

A common problem with dot- 
matrix printers is poor print quali- 
ty. There are a number of condi- 
tions that can contribute to prin- 
ting that's too light or otherwise of 
poor quality: 

Lever is adjusted at wrong set- 
ting. Dot-matrix printers have an 
adjustment system that allows the 
operator to adjust the position of 

14 Electronic Servicing & Technology February 1987 

www.americanradiohistory.com



the print head relative to the paper 
and platen to accommodate various 
thicknesses of paper. If this adjust- 
ment is incorrect the printer may 
print too lightly. Another symp- 
tom of misadjustment of this lever 
is poorly formed characters. Most 
of the letters will be formed prop- 
erly, but some dots, probably at 
the top or bottom of the letter, will 
be too light or not print at all. 

Another possible cause of too - 
light printing is perhaps more ob- 
vious. If adjustment of the ad- 
justing lever does not solve the 
problem, try replacing the ribbon. 

If the problem seems to consist 
of a combination of printing too 
lightly and complete absence of 
printing of some portions of 
characters, check the ribbon path. 
If the operator has inadvertently 
failed to thread it through all the 
proper points, it may not always be 
between the print head and the 
paper, causing failure to print. 

If printer has been used heavily 
for some time, the problem may be 
simply that the print head has 
worn out. In such a case, if all 
other steps to restore proper print 
quality have failed, replace the 
print head. This is really a pretty 
simple operation. The operator's 
manual for the Star SG -10 sug- 
gests this sequence of operations: 

Turn off the switch, unplug the 
power cord and, if necesssary, 
wait until the head cools off. 

Remove cover and ribbon. 
Unscrew the two screws secur- 

ing the print head. 
Disconnect the print head cable. 
Connect the print -head cable to 

the new print head, put the head in 
position and fasten it in place with 
the two screws removed from the 
old head. 

Apply screw -locking adhesive to 
the heads of the screws. 

Other mechanical parts 
In many dot-matrix printers, 

there are two motors: one to drive 
the print head and one to drive the 
carriage. If the print head mal- 
functions, for example if it fails to 
move, examine the belt that con- 
nects it to the drive motor during 
operation. If it is defective, replace 
it. Check the motor itself for 

proper operation. If the motor and 
belt are operating properly, look 
for evidence of binding or obstruc- 
tion of the print head. 

The other motor drives the 
platen and advances the paper. It 
is connected to the platen by a set 
of gears. If the platen fails to feed 
during printer operation, check for 
proper operation of its drive motor. 
Check for correct engagement of 
the gears. 

Disk drive 
servicing considerations 

The first thing you need to deter- 
mine about the disk drive you're 
servicing is whether it contains its 
own electronics (this is known as 
an "intelligent" disk drive), or if it 
is entirely under the control of the 
computer. For example, the disk 
drive for the Commodore 64 con- 
tains its own microcomputer, and 
some memory and so its opera - 

Moving? 

Take us with you. 

Just peel off the subscription mailing label and at- 
tach it to the address change card located at the 
front of this issue. Please allow 6-8 weeks to process 
your address change. 

GIGOTRODIG 
Servicing &Technology 

February 1987 Electronic Servicing & Technology 15 

www.americanradiohistory.com



Closeup of rear portion of left side of printer shows, from left: selector DIP switches, 
Tractor/Friction feed selector lever, platen adjusting lever. Switches allow the user 
to select such things as print quality (draft, real letter quality, condensed, italic) to in- 
sert a LINE FEED where the computer does not provide this function. Check the 
position of these switches if the printer does not seem to be operating correctly. 

View from the back of the printer shows the parallel connector (lower right) and the 
electronics, which provide buffer storage and translate the input from the computer 
into print head position and character formation. 

An interface unit may be necessary between the computer and the printer. If the 
printer doesn't operate correctly, check to see that the positions of the DIP switches 
(arrow) are correct. Do not switch any of these switches or the DIP switches on the 
printer, unless power has been removed from the entire system. 

tions are more or less independent 
of the computer and do not use 
precious computer memory to 
direct its operation. Most of the 
comments in this article about disk 
drives will concern the Com- 
modore 1541 because that is the 
one I am most familiar with. 

Problems with the disk drive are 
frequently mechanical in nature. 
What follows is a listing of disk 
drive symptoms and the possible 
problems that may cause them. 

Read/write errors - Read/write 
errors may be caused by a number 
of problems. Two of these prob- 
lems that are not unusual are a 
worn pressure pad and a slipping 
drive belt. 

Disk drive belts, like any other 
rubber product, become brittle and 
slick with age. If the error symp- 
tom is predominantly read errors 
when the drive is trying to read 
outer tracks, the problem may 
very well be a worn belt. Inspect 
the drive belt and if it is showing 
signs of its age, replace it. Then 
run the disk or disks for which the 
problem occurred to determine if 
this has solved the problem. 

Another frequent cause of read/ 
write errors in floppy disk drives is 
a worn pressure pad. The pressure 
pad presses on the disk, holding it 
against the read/write head. When 
the pad becomes worn, the pres- 
sure is insufficient and the current 
put out by the head is too low, 
causing errors. The solution is to 
replace the pressure pad. 

A personal computer system 
lends itself to the divide -and - 

conquer approach to servicing. 
One of the advantages of a 

typical personal computer system 
is that all of the elements are 
separable and so can be diagnosed 
individually. Known -good periph- 
erals can be substituted for sus- 
pected problem units. Alterna- 
tively, a suspected bad peripheral 
device can be substituted into a 
known -good system to isolate the 
problem beyond question. Once 
the unit has been determined to be 
the problem source, a logical ap- 
proach to troubleshooting and re- 
pair will return it to service. 

uv 
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By Homer L. Davidson 

Television oscillator circuits 
have evolved over the years from 
using tubes to transistors to in- 
tegrated circuits. However, even 
the newest IC oscillators make use 
of the standard basic circuits such 
as multivibrator, emitter -coupled 
multivibrator, sine wave with con- 
trol, blocking or Hartley (the 
oldest). 

Fortunately, it is not essential 
for technicians to know the name 
or type of each oscillator circuit in 
order to make accurate measure- 
ments and repairs. Unless the 
manufacturer accidentally states 
the type of oscillator, there is no 
certain method of determining the 
type. Much of the wiring is inside 
the integrated circuit where it is 
not available for visual or elec- 
tronic tests. 

Oscillator minimum 
requirements 

Regardless of the oscillator type, 
several basic signals are neces- 
sary. Any oscillator that is re- 
quired to be phase -locked (that is, 
identical in frequency and phase) 
with a broadcast station must have 
these three signals: 

The output of any horizontal 
oscillator should be a continuous 
carrier having the desired 
amplitude and waveform. In 
addition, the following two sig- 
nals are required to control the 
exact frequency and phase of 
the oscillator output signal. 
A continuous flow of horizontal 
synchronizing pulses should be 
applied to one input of a phase - 
comparison circuit. 
Pulses from the flyback are inte- 
grated into sawteeth and they 

should be applied to the other 
input of the phase -comparison 
circuit. 
Therefore, the sync signal is the 

standard, showing the desired fre- 
quency and phase, while the saw - 
teeth from flyback pulses indicate 
how accurately the oscillator fre- 
quency and phase actually are 
being controlled. Both signals are 
necessary for correct locking. 

Although the sync and flyback 
signals were just mentioned as 
being necessary for correct lock- 
ing of the horizontal oscillator, the 
oscillator output itself is the one 
essential signal for operation of 
the horizontal system. For exam- 
ple, a missing sync or sweep - 
sample prevents horizontal lock- 
ing. But if the oscillator is 
operating and has sufficient out- 
put level, deflection with high 
voltage can be obtained (in most 
circuits), even if the picture is 
nothing but lines. However, a loss 
of oscillation stops the deflection 
and high voltage, and shows a 
black screen. 

The following steps are recom- 
mended when troubleshooting the 
horizontal oscillator in an IC: 

Measure all B + supply voltages 
that affect the horizontal 
oscillator. 
Scope the oscillator output sig- 
nal and analyze the waveform, 
including the amplitude. 
Scope the horizontal sync and 

Most solid-state color 
receivers in the past few 
years have housed the 
horizontal oscillator in an 
integrated circuit, often 
with other circuits as well. 
Here are examples of 
typical circuits and some 
of the service problems 
that arise. 
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Replacement of an integrated circuit containing the horizontal oscillator is much 
easier when the IC is plugged into a socket, as shown. 

HORIZ SYNC !0.2V 
0.8VPP 

12 

HORIZ g 
SAWTEETH 

O. 7VPP 

L407 -f 6ö'0 

11 

IC401 
HORIZ-VERT 
OSCILLATORS 

-VERT I CAL OUTPUT 

+1.9V R426 
3300 

R423 + + 
5600 C412 

R421 0.01 
R418 1200 -il- 

+12.3V 

04111 
0.0056T 

OSC TEST POINTS 

9 

10+6.5V 

HORIZ HOLD 
VR401 
5000 

0401 
HORIZ 
DRIVER 
BASE 

j 

Figure 1. This simplified schematic of a 91064 Sanyo (Photofact 1929-3) shows the 
three important test signals (oscillator output, sync input and sawteeth or pulse in- 
put) in addition to the B + supply. R421 and C411 must have superior characteristics, 
especially stability when heated. Any value changes will vary the horizontal frequen- 
cy, probably as drift, because they comprise the time constant which is one impor- 
tant factor that determines the horizontal frequency. 

check it against the schematic. 
Scope the horizontal pulses, or 
the sawteeth made from the 
pulses, and check them against 
the schematic. 
These four items of information 

usually will provide a wealth of 
data about the oscillator, and in- 
dicate the area where the problem 
originates, while the tests require 
only a few minutes. Wherever pos- 
sible, we will include this type of 
analysis in the practical examples 
that follow. 

Oscillator troubleshooting 
Figure 1 shows a highly simpli- 

fied schematic of the horizontal 
oscillator in a Sanyo model 91064 
(Photofact 1929-3). This circuit 
was chosen because it clearly 
shows the four essential areas 
where instrument tests should be 
made. 

First, the horizontal -output or 
drive signal should be checked. In 
the Figure 1 schematic, that signal 
is the one at pin 9 (for the Q401 
horizontal -driver base). A wave- 
form that shows approximately 
the correct amplitude and wave - 
shape at pin 9 usually indicates 
both the oscillator power supply 
and the oscillator are operating ef- 
ficiently enough to produce a ras- 
ter (if the remainder of the hori- 
zontal circuit is normal). A loss of 
all signal at pin 9 indicates a 
failure of the horizontal -oscillator 
stage or the horizontal -oscillator 
power source. The next step 
should be testing the B+ source 
(or sources) that supply the 
oscillator. 

At this point, it would be ap- 
propriate to examine the power 
supply schematic and determine 
whether or not the oscillator B + 
source should be constant, or just a 
pulse of voltage during start-up 
after which the deflection- or scan - 
rectified B + supplies begin opera- 
tion to maintain oscillation. If the 
horizontal sweep is dead, the B + 
pulse starts the horizontal oscilla- 
tor, but it dies when the B + pulse 
is exhausted. This system requires 
special testing techniques. 

After pin 9 has a stable, strong 
signal of good waveshape, use the 
scope to trace through the horizon- 
tal -deflection circuit. Perhaps the 
Q401 collector next, and then the 
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horizontal -output base signal. 
If the screen has an unstable pic- 

ture that rolls or slides, check for 
adequate horizontal sync at pin 12 
and sufficient sawteeth at pin 13. 
Loss of either signal will make 
horizontal locking impossible. 

Checking oscillator volt- 
ages-Here are a few additional 
comments about checking dead os- 
cillators of both types: those with a 
B + start-up pulse and those with a 
continuous oscillator B + supply. 

It usually is impossible to deter- 
mine from normal operation of the 
receiver (or from monitoring the 
oscillator B + supply) which 
receivers have a B + pulse to start 
the oscillator, followed by diode 
switching to a supply produced by 
rectification of horizontal - 
deflection power from the flyback, 
and which receivers have a con- 
tinuous B + supply regardless of 
the horizontal -deflection opera- 
tion. It requires the full attention 
of a technician who is experienced 
in "reading" schematics to deter- 
mine the difference between the 

two types. Occasionally, a few 
components (such as an SCR, 
zener, or large resistor) will be 
labelled "start-up." If so, that is 
more than a hint to look for the 
start-up B + pulse for the horizon- 
tal oscillator. 

But we are not studying the 
theory of start -tip or shutdown 
now. Instead, we are concerned 
about how to troubleshoot the 
easiest and most accurate way. 
One tested method is to connect an 
external power supply (adjusted to 
the B + voltage) between the 
horizontal -oscillator's B + pin and 
ground. Notice any major changes 
of power -supply voltage that 
might indicate a short or serious 
leakage. If the voltage is satisfac- 
tory, scope the oscillator and 
horizontal -drive output pins. A 
lack of both waveforms indicates 
the oscillator is totally dead. The 
IC and other components must be 
tested to find the cause. 

However, if the oscillator and 
drive output signals are almost 
normal in amplitude and frequen- 

cy, signal -trace and voltage -trace 
through the horizontal driver and 
output stages until the cause of the 
non-functioning horizontal -sweep 
circuit is found. 

A constant B + source to the 
horizontal -oscillator IC calls for a 
different procedure. Remember, if 
the receiver has no high voltage or 
horizontal sweep, no horizontal 
sync or horizontal sawteeth 
(needed for locking) are present 
(the stages that amplify or shape 
these signals have no B + ). A high 
oscillator supply voltage might in- 
dicate the IC is not drawing 
enough current for proper opera- 
tion. A low supply voltage might 
indicate excessive current in the 
IC, or a problem in the supply 
source. If the IC is plugged into a 
socket, it is easy to remove and 
measure the voltage. If the IC is 
soldered into place, the problem is 
more difficult. With solder wick (or 
vacuum pump) and a small iron, 
remove enough solder from 
around pin 11 (Figure 1) that the 
pin is disconnected from the circuit 

TEST INSTRUMENTS 
High Quality 
Lowest Prices 
Off -The -Shelf 

NeaIi MINI -METERS w/MAXI-SPECS 

SCOPE 31/2 Digit LCD 

with 8 Full Functions 
t Model 

DVM-632 
$4495 

Deluxe test leads included 
0.5% accuracy Transistor 

gain test Audible continuity 
checking á diode test 

10 Amp measurement 

SCOPE 31/2 Digit LCD 

Multimeter 
Model $2995 
DVM-630 
Test leads included 0.5% 
accuracy 6 functions, 
19 ranges Automatic zero 
adjust Low battery indication 

Measures 5" x23/4" x74"" 

& ._Rit , B K20 MHz Dual Trace 

w íí4Aä Model $37995 e°- 2120 
Probes included 20 and 26 

/1/ --- MHz band widths TVV and 
TVH X -Y operation Trace rotation: adjustable 
front panel Channel 1 output 

410 M Phone orders accepted. 

SCOPE 31/2 Digit Capacitance 

Model 
DCM-602 

$6995 
Test leads included 8 ranges with full 
scale values to 2000 uF LSI circuit 

Crystal time base Frequency range 
800 Hz to 8 Hz 

SCOPE 31/2 Digital Multimeters 

Model 
DVM-638 $7995 
Test leads included 11 function, 38 
ranges Logic level detector Audible 
visual continuity capacitance and 
conductance measurement. 

Model / Q 
DVM-634 4875 
7 function, 32 ranges 
Transistor measurement 

Model / 
DVM-636 6(.75 

8 function, 37 ranges 
Capacitance measurement 

SCOPE Pocket Sized Audio 

Signal Generator 

Model 
RC -555 
Test leads & 9V battery included Low 
distortion sine -wave signal 46 step 
selected frequency x1 range 20 Hz to 
1.5 KHz/x100 range 2KHz to 150 KHz 

7Wn ßv4.ou/Lrizer ezi 

Fordham FREE 800.645.9518 
260 Motor Parkway, Hauppauge, NY 11788 In New York State 800-832-1446 

HITACHI 35 MHz Dual Trace Oscilloscope 

Model V-355 $59995 
(Reg. $899.95) 
Probes included Thin, lightweight, 
compact Large 6" rectangular, 
internal graticule CRT Autofocus 

FORDHAM Sweep Function Generator 

Model FG -801 $21995 (Reg. $289.95) 
Test leads included 7 frequency 
ranges, 0.2 Hz to 2 MHz Accuracy 
to ±5% 

FORDHAM 550 MHz Frequency Counter 

Model FM -8 
$16995 (Reg. $249.95) 

Completely assembled, pre -tested, 
precalibrated High intensity 8 -digit 
LED display 

SCOPE 41/2 Digit LCD 

Bench Digital Multimeter 

Model 
DVM-6005 

5 
Test lead set & 6 "D" size batteries included 0.4" high 
characters Conversion period: 500 milliseconds 

Automatic, negative polarity 

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

FOR ORDERS ADD FOR ORDERS ADD 
525100. .. $4.50 $751-1.000 $12.50 
$101-250 $6.00 $1,0011500 $16.50 
$251-500 58.00 $1,501-2,000 $20.00 
$501-750 $10.50 $2,001 and up. .. $25.00 
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Some large ICs contain not only the horizontal and vertical oscillators but also sec- 
tions of the color, contrast, blanking, sync and X -ray -protection circuits. 

SYNC 

15 

+2.6V POSITIVE PULSES INSIDE 

14 

+3.8V SAWTEETH INSIDE 

U401 
OSCILLATOR AND 
COUNT-DOWN FOR 
HORIZ AND VERTICAL 

1OV 

; TP402 

L 

5 

+0.66Vm.VERTICAL 
DRIVE 

18 

4 

L401 

t 

e C404 
ß 0 :0391iF-- 

e 

4 
+9.6V C436t 

24F_ 

RCA COUNTDOWN CTC121 

+2.4V HORIZ DRIVE 
1E lee. 0403 

15.734kHz 

POSITIVE 
FLYBACK 

--411- PULSES 
-0.3V 

.251 .8kHz 
HX16 

R405 
6200 

Figure 2. Oscillator frequency of the RCA CTC121 (Photofact 2123-1) is sixteen times 
(251.8kHz) the standard horizontal frequency. Countdown circuits start with 
251.8kHz and produce both 15,734Hz for horizontal and 59.94Hz for vertical deflec- 
tion. L401 is the only frequency adjustment. And 0.0039µF C404 is a very critical com- 
ponent. Any leakage or capacitance change from moderate heat could cause a fre- 
quency drift beyond the ability of the circuit to remain locked. 

wiring. Then check the resistance 
between pin 11 and ground. Sus- 
pect a leaky IC, if the reading is 
lower than 75ít. 

While pin 11 is disconnected 
from the + 12.3V supply, measure 
the + 12.3V supply. A reading 
higher than the schematic value in- 
dicates the IC is leaky. But a con- 
tinuing low reading might point to 
a defect in the + 12.3V supply 
source. 

Other suggestions for trouble- 
shooting will be given as different 
models are discussed. 

RCA countdown 
In many RCA and other brands, 

these horizontal oscillators, ver- 
tical oscillators and phase -compar- 
ison circuits are replaced by a 
high -frequency oscillator followed 
by frequency dividers that produce 
15,734Hz and 59.94Hz deflection 
frequencies (for color reception). 
For the television receiver owner, 
the advantages are extreme stabil- 
ity without any hold controls. 
Diagonal pictures or rolling pic- 
tures that demand periodic adjust- 
ment cannot óccur with the count- 
down circuit, unless defects are 
present. There are no customer - 
adjustable hold controls anywhere. 

In Figure 2, the oscillator 
operates at 251.8kHz that is di- 
vided by 16 to produce the desired 
15,734Hz horizontal -deflection fre- 
quency. Dividing that frequency by 
262.5 would produce 59.94Hz that 
is needed for vertical scan. But 
dividers cannot produce a half 
count, so the horizontal frequency 
is doubled to 31,468Hz and divided 
by 525, producing the desired 
59.94Hz vertical rate. 

L401 is the only frequency ad- 
justment (251.75kHz) in the deflec- 
tion countdown system. If it needs 
adjusting, short testpoint TP402 
(horizontal sync) to ground and ad- 
just L401 for a picture that drifts 
sideways and finally pauses with 
only one upright frame. Then 
remove the grounding jumper 
before operating the receiver. No 
other frequency control or hold 
control is provided. 

A complete explanation of the 
internal operations of integrated 
circuit U401 would require several 
pages but offer no help during 

20 Electronic Servicing & Technology February 1987 

www.americanradiohistory.com



servicing. Therefore, we will show 
that even a sophisticated circuit 
like this one has the three signals 
and one voltage that are so 
valuable for analysis. 

Horizontal output comes from 
pin 16. Horizontal sync enters at 
pin 1. Horizontal pulses from the 
flyback enter at pin 6. Evidently, 
these are clipped and shaped inside 
U401 because wider horizontal 
positive -going pulses exit from pin 
15. They are integrated into saw - 
teeth (ramp) and are applied to pin 
14. The sync and sawteeth from 
horizontal sweep are not used ex- 
actly as they are in most circuits, 
but sync remains the standard and 
the sawteeth reveal how closely 
the receiver is deflecting relative 
to the sync. 

Therefore, these three signals 
are useful for troubleshooting 
analysis, just as the comparable 
three signals are in receivers 
having less complicated circuitry. 

Although the CTC121 has a 
start-up circuit, the action is not a 
pulse, but a steady lower voltage 
that is sufficient for operating or 
testing the oscillator and the drive 
signal. 

Start-up Q100 receives voltage 
through resistors from the + 164V 
supply, producing two start-up 
voltages. One starts the oscillator, 
and the other powers U401 pin 16 
that drives the Q403 base. Some 
B+ from rectified ac is available 
for the Q403 collector and the 
Q404 horizontal -output collector 
(even before regulation is opera- 
tional). So when a normal receiver 
is turned on, the entire horizontal - 
sweep system begins to operate, 
along with the dc -voltage supplies 
that are rectified from flyback 
power. Voltage from one of those 
scan -rectified B + supplies has a 
slightly higher voltage than the 
oscillator -start-up voltage, forcing 
CR104 into conduction and allow- 
ing the oscillator and pin -16 power 
to come from scan power rather 
than from 60Hz rectification. 

Q100 is reverse biased by the 
higher scan B + and thus inactive 
until the next start-up. Therefore, 
if the horizontal -sweep system is 
dead and the oscillator is operating 
from start-up B + , the measured 
B + at U401 pin 5 will be lower 

than the + 9.6V shown on the 
schematic. Also, one end of R403 
in the pin -16 circuit will measure 
lower than the schematic + 24.3V. 
As a guess, the pin -5 voltage 
should be around +8V, and the 
other about + 21V. 

Although the oscillator can be 
tested with the start-up voltage, 
the voltage sources for the sync 
and pulse/ramp signals are missing 
when the horizontal -sweep is in- 
operative. This can be a problem 

with other receivers also. Follow a 
common-sense priority: If the hori- 
zontal oscillator operates, then 
concentrate on testing and repair- 
ing the horizontal -sweep system. 
Produce a picture, and perhaps 
you will not need to be concerned 
with horizontal locking, or a minor 
adjustment might be sufficient. 

Few components mentioned in 
the start-up explanation are shown 
in Figure 2, but all can be found in 
the 2123-1 Photofact schematic. 

EOM 

The difference between 
a new RCA module and a PTS 
rebuilt module is easy to see 

but hard to tell. 
Take a close look at these 

MAGO01 B's. You'll see one big 
difference -- the price. 

PTS saves you $13.80 
outright. Beyond that, it's hard 
to tell any difference. Same 
module. Same performance. 

In fact, PTS even makes 
automatic changes of high 

failure parts to extend the life of 
the board. PTS meets or 
exceeds manufacturer's 
specifications. 

Professionals choose PTS. 
That's why PTS is America's 
Number One Independent 
Rebuilder. 

PTS CORPORATION 
TM PTS Rebuilds America. 

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

Arvada, CO (303) 423-7080 Detroit, MI (313) 862-1783 Jacksonville, FL (904) 389-9952 
Longview, TX (214) 753-4334 Norfolk, VA (804) 853-5844 (804) 853-5847 

North Highlands, CA (916) 334-2012 Pittsburgh, PA (412) 787-3888 
Westfield, MA (413) 562-5205 Yeadon, PA (215) 622-0450 
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Testing 
serial communications 
with a break-out box 

By Doug Swain Many computer problems can be 
traced to faulty communication 
between processors or control 
devices and system peripherals, 
such as printers. A servicing 
technician can isolate the problem 
quickly by testing communication 
lines with a break-out box. 

There are many possible prob- 
lems that can appear suddenly in 
any computer installation. Prob- 
lems can occur in all sizes of com- 
puters from large mainframes to 
the personal computer sitting on 
the desk in the office or home. 

Each piece of equipment be it 
mainframe, PC, or printer expects 
a certain protocol when communi- 
cating with these other devices. A 
protocol between a personal com- 
puter and printer might be: 
Step 1-Complete the input of data 
and depress the ENTER key to 
print the information entered. 
Step 2-The computer sends out a 
signal on pin 4, Request To Send 
(RTS). 
Step 3-The computer expects a 
return signal on pin 5, Clear To 
Send (CTS). In the situation of 
communicating with a printer, it 
would signify that there is paper in 
the printer and that it is not busy 
doing someone else's job. 
Step 4 - Data are sent by the com- 
puter or pin 2 to the other device 
such as printer or modem. 
Step 5-The other device receives 
data on pin 3 per RS -232 stan- 
dards. 

Doug Swain Is product manager with Beckman In- 
dustrial Corporation, Brea, CA. Beckman is a sub- 
sidiary of Emerson Electric Company. 

This is a simple example using 4 
of the 25 RS -232C pins. It is prob- 
ably close to what actually happens 
in most personal computer sys- 
tems. In a larger computer system 
there are other pins that affect the 
communications between devices. 
Three of these would be: 
Pin 6-Data Set Ready (DSR): a 
signal that lets the computer know 
the modem is ready to accept 
transmission. 
Pin 8 -Data Carrier Detect (DCD): 
a signal that lets the computer 
know the telephone lines are 
ready. 
Pin 20-Data Terminal Ready 
(DTR): a signal that lets the com- 
puter know the device at the other 
end, such as a terminal, is ready. 

The Electronics Industries Asso- 
ciation (EIA) originally developed 
these standards, known as RS -232 
(the RS stands for recommended 
standard), in 1949. Through the 
years it has made revisions, the 
most recent of which was revision 
"C", published in 1969. That is why 
we see RS-232Cwritten today. 

Troubleshooting computer 
communications problems 

What happens when the user 
enters the data, depresses the 
ENTER key, and nothing hap- 
pens? If it is a new installation, it 
could be a bug in the program, an 
equipment failure, or some prob- 
lem in the protocol. A large per- 
centage of such problems involves 
communications between devices. 

In the example, data were trans- 
mitted on pin 2 and received on pin 
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3. It is easy to forget these RS- 
232C standards and transmit data 
on pin 2 and try to receive it on pin 
2 as well. Many a service call was 
made in order to find this problem 
and reverse the configuration for 
pin 2 and 3. 

Another situation that has 
caused a tremendous amount of 
confusion with RS -232C users is 
that each pin has a specific func- 
tion according to the standard, but 
there are no rules as to which pins 
must be used. One piece of equip- 
ment might require the use of four 
pins, while another needs six of the 
pins, another eight pins, and yet 
another 10 pins. This means that 
there must be a signal on all re- 
quired pins. How does a device 
that requires only four signals to 
make it function communicate 
with a device that requires signals 
on eight pins? It must be 
understood that if any one of these 
required signals doesn't exist, then 
nothing happens. This usually 
means the entire system is down. 

It is becoming more and more 
important for the R & D engineer, 
customer engineer, technician, 
company service departments and 
handymen to have an easy -to -use 
test instrument that shows when 
signals are being sent from one 
device to another device. This 
device is called a break-out box. It 
provides the user many tools but 
basically it lights an LED when 
there is a signal on the line. 

What is a break-out box? 
A break-out box (BOB) is a hand- 

held, portable test instrument that 
is used to monitor RS -232C serial 
communication signals. The break- 
out box is equipped with connec- 
tors and indicators that are con- 
figured for the RS -232C communi- 
cation protocol, a standard of the 
Electronic Industries Association 
(EIA). (The equivalent standard in 
Europe is designated CCITT 
V.24.) However, standards other 
than RS -232C might be monitored 
using a break-out box. 

A break-out box is connected to 
both sides of the interface. For ex- 
ample, one side is connected to the 
computer, the other side to the 
printer. So, all communication 

When a computer problem involves an RS -232 interface, a break-out box may ex- 
pedite troubleshooting. 

COMPUTER 

PRINTER 
OR 

TERMINAL 

PIN 4 
REQUEST TO SEND (RTS) ...le PIN 4 

PIN 5 
CLEAR TO SEND (CTS) 

PIN 5 ...a 

PIN 3 

TRANSMIT 
DA 

PIN 2 

Figure 1. A cable wiring configuration such as this is used in many personal 
computer -to -printer interfaces. 

lines flow through the break-out 
box. Red and green LEDs on the 
box show whether positive or 
negative signal voltage is present 
on each pin, on each side. 

All RS -232 signals are between 
3V and 25Vdc. That applies to pin 
4, or pin 2, or pin 20. These signals 
can be a positive or a negative 
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voltage. Positive voltages are com- 
mon on most pins except for the 
data lines that use both mark and 
space (positive and negative). Of 
course, this increases confusion. 
The technician must find out what 
pins are to be used on each device 
plus know if there should be a 
positive do voltage of 3V to 25V or 
a negative do voltage of 3V to 25V. 

Think of our earlier 5 -step exam- 
ple. The break-out box LED will 
light when the computer transmits 
the REQUEST TO SEND signal 
on pin 4. Did the computer receive 
a CLEAR TO SEND signal on pin 
5 in response? Many times this is 
the problem. The computer sends 
out a RTS but does not receive a 
CTS so data is never transmitted. 
If you were armed with a break- 
out box, you would visually see this 
problem immediately and be able 
to decide how to correct it. 

A servicing technician must 
understand several sets of rules to 
play the RS -232C game: what pins 
are used by the various manu- 
facturers, which pins have a posi- 
tive voltage signal and which pins 
have a negative voltage signal, 
what protocol is needed for each 

A break-out box is a hand-held, portable test instrument used to monitor RS -232 
serial communication signals. Jumpers (white wires) allow the user to interchange 
pin functions where necessary to correct the configuration. 

N 

PIN 
M 
E 

PG 

L 

SOURCE 

EIA SIGNAL 

OIE OCE 
T 

AA 101 PROTECTIVE GROUND 

2 ID EA 103 TRANSMIT DATA 

3 RD BB 104 RECEIVE DATA 

4 RTS GA 105 REQUEST TO SEND 

5 CTS CB 146 CLEAR 10 SEND 

6 DSR CC 197 (DATA SET READY 

7 SG 13 192 SIGNAL GROUND 

8 DCD CF 149 SARA CARRIER DETECT 

9 POS POSITIVE DC TEST VOLTAGE 

NEG 

fl1 

NEGATIVE DC TEST VOLTAGE 

UNASSIGNED 

12 SDCD SCIE 122 SECONDARY DATA CARRIER DETECT 

13 SCTS SCB 121 SECONDARY CLEAR TO SEND 

14 STD Seal 112 SECONDARY TRANSMIT DATA 

15 TC OE3 114 411. TRANSMIT CLOCK 

15 SRD SBE1 110 SECONDARY RECEIVE DATA 

17 RC CO 1Y5 RECEIVE CLOCK 

13 1NASSIGNED 

13 SRTS SCa 120 SECONDARY RE OUEST TO SEND 

20 DTP CO 1092 DATA TERMINAL READY 

2P SO CG tq SIGNAL QUALITY DETECT 

22 RI CE 125 RING INDICATOR 

23 CHCI 111 112 - DATA RATE SELECTOR 

24 SCIE DA 113 --. 'SERIAL CLOCK TRANSMIT EXTERNAL 

25 BUSY BUSY 

The trap is used to detect sudden, momentary voltage 
drops, sudden shorts, or high-speed data pulses. 

24 Electronic Servicing & Technology February 1987 

Figure 2. RS -232 defines computer serial interface connec- 
tions as shown here. 

www.americanradiohistory.com



COMPUTERFACTS' 
Dependable Computer Service Data 

COMPUTERFACTS give technicians accurate, comprehensive, and dependable service 
documentation that is brand and model specific. Like Sams PHOTOFACT®, COMPUTER - 

FACTS manuals contain schematics, tips, and hints to make repairs faster and easier. 

Coverage now includes 34 computers, 23 printers, 20 disk drives, and 28 monitors, with 
many more scheduled. 

Monitors 
AmdekT"^ 

Apple® 

ATARI® 

Commodore® 
COMPAQ® Sanyo® 

Hitachi° Zenith® 
IBM® Osborne® 
Radio Shack° 
Panasonic® 

Printers 
Apple® Epson® Radio Shack° 
ATARI® IBM® Star° Delta 
C. ITOH NEC® Star® Gemini 

Commodore° Okidata® TRS-80® 

Apple° 
AT&T 

ATARI® 

IBM® 

Texas 

IBM® 

TRS-80® 

Osborne° 

Computers 
APIA® 

AT&T 

ATARI® 

Commodore° 
Instruments'M 

Epson® 

COMPAQ® 

Franklin AceTM 

Sanyo® 

Disk Drives 
Rana Elite Shugart 

Sanyo® Tandon® 

Osborne° 
Commodore® 

Radio Shack® 

TRS-80® 

Zenith° 

COMPUTERFACTS contain: 

CAD -Generated Schematics -- clear, readable 

schematics in Sams Standard Notation format. 

GridTraceTM -- a "roadmap" to identify parts 

quickly and easily. 

CircuiTrace® -- cross-referenced junctions and 

test points. 
Quick-CheckTM Guides -- pinpoint circuits and 

key components, referenced to actual board photos. 

Easy -Read Waveforms -- show you exactly 
what test waveforms should look like. 

Replacement Parts Cross Reference -- give 

you equivalent components to eliminate time- 

consuming trial and error. 

At $19.95 for sets that cover individual com- 
ponents, or $39.95 for self-contained computer 
systems, COMPUTERFACTS will pay for 

themselves with a single repair...and you pay 

much less than you would for manufacturer's 
data. 

Because you can depend on the accuracy of 

COMPUTERFACTS, you can decrease the 

amount of time needed to make a repair and in- 

crease return business and referrals from 

customers appreciative of eliminated downtime. 

For additional product information or to order, 
call toll -free 1 -800 -428 -SAMS. In Indiana call 

317-298-5699. Ask for operator 895. 

HOWARD W SAMS & COMPANY 
Dept. DM895 

4300 West 62nd Street, Indianapolis, Indiana 46268 
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Dual -gender connectors allow male or female connector attachments. 

piece of equipment in the system. 
As can be seen, RS -232C is a 

mixed blessing. The standard gets 
more and more confusing as one 
gets to know more and more about 
the standard. This is because 
signaling schemes, usually pin 
usage, vary widely among dif- 
ferent manufacturers. 

A break-out box is basically a 
passive test device; that is, it 
detects signals that are present in 
the circuit under test. An excep- 
tion is jumpering, by which you 
can place a positive or negative 
voltage at a specific pin location to 
trigger a response from one of the 
devices. 

In test procedures described in 
this article, specific pin locations 
can be jumpered so that each 
device can be tested by itself. For 
example, if your first test showed 
a missing CLEAR TO SEND sig- 
nal on pin 5, you might jumper 
from pin 4 to pin 5. This will force 
a positive signal on pin 5 to see 
whether the device would respond. 

Types of break-out boxes 
There are three major dif- 

ferences among models of break- 
out boxes. Combinations of these 
differences account for the variety 
of products. The differences are: 

number and types of lines and 
indicators; 

unpowered/powered display; 
special features. 

Lines and indicators 
Most break-out boxes, when con- 

nected into the interface, give the 
user some type of access to all 25 
lines described in RS -232. These 
access points are typically some 
type of pin to which a jumper wire 
can be connected. This allows the 
pin -to -pin jumpering of signals 
such as the pin 2 -to -pin 3 cross- 
over. A feature that has a direct 
impact on the cost of the instru- 
ment is the number of lines that 
have LEDs and the type of LED. 

The user will find break-out 
boxes with the following LEDs: 
1. a red LED at eight of the lines. 

The red LED will only indicate 
positive voltages. 

2. a red LED at 12 of the lines. 
Again, positive voltages only. 

3. a red and a green LED at 12 of 
the lines. They indicate a posi- 
tive (red) voltage or a negative 
(green) voltage is on the line. 

4. a red and a green LED at 15 of 
the lines; indicates positive and 
negative voltage. 

5. a tri -state LED at 12 of the 
lines. This single LED will 

illuminate red or green depend- 
ing on the voltage polarity. 

6. a tri -state LED at 15 of the 
lines; indicates plus or minus 
voltage. 

7. a red and a green at all 25 lines 
on each side of the break-out 
switches. This will indicate a 
plus or minus voltage input to 
any pin and output from any pin 
location. This type of BOB is 
known as the 100 -LED break- 
out box. 

On BOBs that monitor only some 
of the lines (such as 15 pins), the 
LED is connected on the original 
input side of the center break-out 
switches. You will have the LED 
for pin 2 (transmit data) on the 
data terminal equipment side. The 
LED for pin 3 (receive data) would 
be on the data communications 
equipment side of the switches. 
This allows the user to see a signal 
arrive at the BOB even if the 
signal does not continue through 
the BOB because the switch may 
be off, probably because the signal 
is to be jumpered to some other 
pin. 

Unpowered/powered 
For many technicians, an impor- 

tant consideration is whether the 
pin LEDs derive their power from 
the system being tested, or from 
an internal battery. If the LEDs 
are lit by the line signal voltage, 
the unit is said to be unpowered; a 
powered unit has an internal bat- 
tery to light the LEDs. 

The main consideration here is 
the consequences of degradation 
of the digital signal under test. 
With an unpowered break-out box, 
the power consumed by the LED 
causes a slight voltage drop in the 
signal. If you are attempting to 
simulate a long cable run, this is a 
desirable effect. On the other 
hand, a powered break-out box will 
not affect the signal voltage, and 
so will give more accurate read- 
ings of marginal signals. 

In general, engineers and tech- 
nicians who are doing research 
and development work in the lab 
prefer unpowered units. Customer 
engineers and field technicians 
seem to prefer the powered 
models. 
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Special features 
Features found on some break-out boxes include 

test voltage and signal trap. 
On powered break-out boxes, a test voltage may 

be provided by positive and negative jacks on the 
faceplate. Through these jacks, nominal power 
may be drawn from the internal battery for use in 
applying signal to test points or in forcing a signal 
positive or negative. For instance, if a pin 5 (CTS) 
signal is needed but not present, the positive 
faceplate voltage could be jumpered to pin 5 to 
simulate that signal. 

The trap feature is a special circuit within the 
break-out box that captures signals of short dura- 
tion, perhaps so short that you would not see them 
on the LEDs. The trap is used to detect sudden, 
momentary voltage drops, sudden shorts, or high 
speed data pulses. For instance, sometimes the pin 
8 (DCD) signal on the telephone line could be 
dropped momentarily because of lightning during a 
storm. The trap would detect this drop and il- 
luminate the trap LED. 

A handy feature, found on some break-out boxes 
is dual -gender connectors. This way, you can set up 
quickly, regardless of whether the interface cables 
of the computer system being tested have male or 
female connectors. Normally, if you don't have a 
gender mender or a patch cable, you're stuck. 

The technician faces new challenges with every 
service call. It is important to have a variety of 
special features on the break-out box so as a situa- 
tion exists there is a BOB "tool" to help. A special 
feature of the Beckman model 785 break-out box is 
that it is two test instruments in one. With a flip of 
a switch on the faceplate it changes from a BOB to 
a cable tester. Plug the cable into the dual -gender 
connectors and opt whether to step automatically 
through each pin in sequence, or to depress a but- 
ton so you can test at your own pace. 

It is common to find that pin 2 at one connector 
of the cable is connected to pin 2 at the other end 
when it should be pin 3. It can be time-consuming 
to disconnect the cable, open the connector covers, 
unsolder pins, resolder them correctly then put 
everything back together. A convenient feature on 
some break-out boxes is the pin 2/pin 3 crossover 
switch. In one switch position, pin 2 at one end 
goes to pin 2 at the other end. In the other switch 
position, pin 2 goes to pin 3 at the other end. 

The RS -232C standards cover the specifications 
for each of the 25 pins. Some of these pins are used 
for slow speed (300BPS to 2,400BPS), asynchro- 
nous data transmission. These same pins plus 
other pins are used for high speed, synchronous 
data transmission. If you will only need to test 
slow -speed data transmission, one of the BOBs 
with 12 or 15 pins with LEDs will serve. If 
you'll be involved with high-speed transmis- 

Symcure rates 
and guidelines 

Beginning w th the January 1987 issue, ES&T 
is paying $60.00 per page for Symcure 
submissions that are accepted. 

The term Symcure is a contraction of the two 
words: Symptom/Cure. Problems that are 
published in ES&T in the Symcure department 
are those that have occurred more than once. 

This is the kird of problem that you can 
solve without even a second thought because 
you've already seen so many of that particular 
brand and model off set with those symptoms 
and in almost every case it was the same 
component the had failed, or the same solder 
joint that had opened. 

Because of the manner in which we publish 
Symcure, TV submissions, if they are to be 
considered, must follow these rules: 
1. It is preferred that each submission must 

consist of seven individual symptom/cure 
units on a single brand of television set. 
Seven are requested so we may chose the 
most appropriate for publication. 

2. We must have the manufacturer's name, the 
model and chassis number, the Sams 
Photofact number (if you know it) and a 
sketch of the schematic area where the 
fault was found for each of the seven units. 
Each sketch should contain a major 
component such as a transformer, a tube or 
transistor to provide a landmark for the 
ES&T staff. 

3. Because the very nature of Symcure is 
based on schematics, if for any reason 
there is no Sams Photofact on the unit, we 
cannot accept the submission. 

We also will consider Symcure submissions 
on consumer electronics equipment other than 
television, such as VCRs, stereos, computers, 
microwave ovens. Depending upon the nature 
of the product and the symptom, it may not be 
necessary to refer to a schematic diagram in 
all of these cases. 
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NEC CONNECTOR 

PIN 3 
RD TD 

IBM CONNECTOR 

PIN 2 

PIN 4 
RTS RTS 

PIN 4 

PIN 5 
CTS CTS 

PIN 5 

PIN 6 
DSR DSR 

PIN 6 

DCD 
PIN 8 

PIN 20 
DTR DTR 

PIN 20 

HANDSHAKE 
PIN 19 

PIN 7 
SIGNAL GROUND 

PIN 7 

Figure 3. Cable wiring configuration between IBM PC and NEC Spinwriter. 

sion, special interfaces or product 
development, then the 100 -LED 
break-out box would be needed. 
The 100 -LED BOB could be used 
to monitor the IBM PC, parallel 
output because it uses the same 
DB25 pin connector. Please note 
that RS -232C data signals are 
always serial and usually ASCII. 
The RS -232C standards cover both 

asynchronous and synchronous 
data transmission. Asynchronous 
transmission is transmitting one 
character at a time with a start - 
and -stop bit for each character. It 
does not require a separate clock 
signal for the reception of data. 
Synchronous will transmit a block 
(such as 512 characters) at a time, 
usually at a high baud rate, with a 

block start sync character and an 
end of block message sequence. 

When would you use 
a break-out box? 

You may save yourself a lot of 
needless aggravation by using a 
break-out box as a routine first 
step whenever a computer -related 
problem apparently involves a 
special communication line. For 
example, you would want to pull 
out the break-out box right away if 
the user has noted any operation 
difficulties between a computer 
and a serial printer, or between a 
host/controller and data entry ter- 
minals, or between a terminal and 
a modem. 

In such cases, the most common 
symptom is simply that nothing is 
happening. Or, the system may 
have crashed suddenly and can't be 
brought back up. Sources of these 
problems usually come down to a 
missing signal that indicates the 
"ready" status of one of the 
devices. So, transmission is halted 

Tri-State RS -232 Breakout 
with data stream analysis, 
complete BERT functions, 

plus fox and user messages. 
The microprocessor controlled Model 690 

performs diagnostics on modems, multi- 
plexers, printers, terminals, computers and 
other peripheral devices. 

The Model 690 also executes bit, block, 
BERT, BLERT, and parity testing; polling, for- 
mat evaluation, device exercising and 
evaluation in addition to bias distortion 
measurement. The setup and test results 
are displayed on the built-in 16 character 
LCD. 

All this, plus full RS -232 breakout 
capability. 

Datacom Northwest, Inc. 
3303 112th St. SW, Everett, WA 98204 Tel: (206) 355-0590 

Circle (11) on Reply Card 
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Interested in ordering article 
reprints out of this or another 
issue?* Reprints can be excellent 
learning tools for your technical 
staff and great marketing tools for 
your sales staff. Call or write Kelly 
Hawthorne at Intertec Publishing 
Corp., P.O. Box 12901, Overland 
Park, KS 66212; (913) 888-4664. 
*Minimum order 1,000 copies 
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indefinitely while the other device 
waits for a signal that never ar- 
rives. If you know what the pat- 
tern of communication should be 
on specific pins, and if you can test 
for a signal on each pin of each 
device, you can determine quickly 
if there's a problem anywhere 
within the interface. That's what a 
break-out box helps you do. The 
procedure isn't complicated, and 
it's amazing how many times the 
source of trouble becomes obvious. 

Again, the RS -232C standard 
specifies what type of signal 
should be found at each pin loca- 
tion, but it says nothing about 
which pins actually will be active 
within a given configuration. In. 
addition, RS -232C specification 
limits cable lengths to 50 feet. 
Longer ones are sometimes used 
under special conditions. It is 
possible to link two serial devices 
with just two lines: transmit data 
(TD) on pin 2 and signal ground 
(SG) on pin 7. You will suspect that 
this was the configuration, for ex- 
ample, if twisted pair wiring were 
used for the interconnect. 

Two twisted pairs and other 
types of cables can be used for 
4 -line communication. In such 
cases, the lines typically used are: 

TRANSMIT DATA (TD), pin 2 
RECEIVE DATA (RD), pin 3 
SIGNAL GROUND (SG), pin 7 
DATA TERMINAL READY 
(DTR) on pin 20. 
A more complex signaling 

scheme uses eight lines, as follows: 
TRANSMIT DATA (TD), pin 2 
RECEIVE DATA (RD), pin 3 
REQUEST TO SEND (RTS), 
pin 4 
CLEAR TO SEND (CTS), pin 5 
DATA SET READY (DSR), pin 6 
SIGNAL GROUND (SG), pin 7 
DATA CARRIER DETECT 
(DCD), pin 8 
DATA TERMINAL READY 
(DTR), pin 20 
DSR and DTR signals often are 

used in telecommunications. In 
these applications, the data set is 
the modem, and the data terminal 
is the terminal or workstation. The 
DCD voltage is provided by the 
telephone utility to signal that the 
telephone line is working. The 
above 8 -line configuration is 

shown in Figure 2. 
Still more complicated signaling 

schemes can use 12 (or even all 25) 
lines. However, 4- and 8 -line con- 
figurations are most common for 
relatively slow -speed data com- 
munications. In many configura- 
tions, crossover is required be- 
tween transmit (TD) and receive 
data (RD) pins. For example, the 
TD signal from pin 2 on the com- 
puter must be applied to RD, pin 3, 
on the printer, and vice versa. So, 
somewhere along the cable, these 
wires must be crossed. Note that 
this crossover normálly will not be 
formed by using ribbon cable with 
quick -connect DB25 connectors. A 
common problem in new installa- 
tions is that this 2/3 crossover has 
been forgotten. 

Bear in mind that these com- 
binations of signal lines are just 
the most typical configurations. 
The equipment you will be serv- 
icing may have been designed dif- 
ferently. Also, remember that if 
you're looking at faulty com- 
munications with the break-out 
box, you may see just about any- 
thing, including mismatches and 
incompatibilities that could never 
work. But, remember, now you 
have a tool that helps you locate 
these situations fast and easily 
where, before, they might have 
gone undetected. 

Let's look at a service sequence 
Say that a communication prob- 

lem exists between a new IBM PC 
and NEC Spinwriter printer: the 
printer won't work. The first thing 
to do is check to ensure that every- 
thing is plugged together properly 
and that the cable between the two 
pieces of equipment is tight in the 
connectors. Then, check the baud 
rate. Let's assume that all of these 
factors seem to be correct. The 
next area of concern will be the 
handshaking (protocol) between 
the two pieces of equipment. This 
is best done by looking at a service 
manual to determine which pins 
are required in the system. (See 
Table 1 on page 30.) 

Next, unplug the cable and in- 
sert the BOB into the system. 
Now, you can watch all signals. 
Have the BOB break-out switches, 

Our 
guaranteed 
savings plan. 

Fluke 70 Serles Analog/Digital multi - 
meters are like money in the bank. Buy 

one, and you're guaranteed to save both time 
and money. 

Money, because you get longer battery life 

and longer warranty coverage - 3 years vs. 

1 year or less on others. 

And time, because 70 Series meters are 

easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 

sticker price. And take a closer look at the new 

low-priced $79 Fluke 73, the $109 Fluke 75, and 

the deluxe $145 Fluke 77. In the long run, they'll 

cost less, and give higher performance, too. 

And that, you can bank on. 

For a free brochure, and your nearest distrib- 

utor, call toll -free 1-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

©1985 Fluke 

FLUKE 
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NEC SPINWRITER 
Pin 2. TD, neg. signal 
Pin 3, RD 
Pin 4, RTS, pos. signal 
Pin 5. CTS 
Pin 6. DSR 
Pin 8, DCD 
Pin 10. HANDSHAKE. neg. 

signal 

IBM PC 
Pin 2. TXD. neg. signal 
Pin 4, RTS. pos. signal 
Pin 5. CTS 
Pin 6. DSR 
Pin 20. DTR. pos. signal 

Table 1. Pin 7 is common to both pieces of equipment. it is signal ground. On pins 
that show a NEG or POS signal, the signal is constant. 

Faceplate voltage is used to simulate missing signals. 

except pin 7, in the OFF (open) 
position so signals do not pass 
through the box. You will see the 
computer output a signal on pin 2. 
The service manual indicates a 
negative signal, so the green LED 
on the IBM side should be lit. The 
NEC printer will also output a 
negative signal on pin 2. Check 
that all signals match the 
documentation. 

Now, determine how to get the 
correct signals from the pins with 
signals to the required pins of the 
system. Check to see if the re- 
quired pins, such as pins 5 and 6, 
need positive or negative signals. 
You will find that the data lines, 
pins 2 and 3, usually are negative 

signals (green LED on BOB) while 
the other lines require positive sig- 
nals (red LED on BOB). 

With the BOB in the system, you 
can use it to jumper signals. This 
will be a temporary situation to 
confirm that all pin jumpering is 
correct and that the system will 
work. Then you must reconfigure 
the cable so that the PC and 
printer have the required signals 
on the proper pins. 

Figure 4 shows the correct con- 
nector wiring. 

With a little study, it can be seen 
that the IBM PC and the Spin - 
writer require signals that normal- 
ly are used only in a data transmis- 
sion system employing modems. 

However, there are no modems, 
thus no signals from data sets, 
telephone lines or distant ter- 
minals, so these signals must be 
simulated to fool the equipment. 
This is done by taking a pin with a 
signal present and jumpering it to 
the other required pins. 

If you have a powered break-out 
box with faceplate voltage, such as 
the model 775, the signals for the 
required lines in the example 
above also could have been 
simulated. For instance, to get the 
negative signal to pin 5 (CTS) of 
the NEC Spinwriter, a jumper 
wire from the negative faceplate 
voltage to pin 5 could be used. Ob- 
viously this would only be for a 
temporary situation. This could 
have been done while making a 
new permanent cable for the 
system. 

One of the most common prob- 
lems in computer systems is that 
pin 2 of one piece of equipment 
goes to pin 2 of the other equip- 
ment when it should go to pin 3. 
This crossover, also known as the 
null modem, would be needed 
when interfacing with a printer. A 
straight -through cable, pin 
number to same pin number, is 
used when connection is to a 
modem. So, the type of equipment 
and the situation are key factors. 
However, with the BOB pin 
jumpering can be changed easily 
until the proper configuration is 
determined. 

If you have an interface involv- 
ing a terminal and a modem, you 
might first look to see whether a 
DSR signal is present on pin 6. If 
not, you could jumper pin 5 to pin 
6. If this produces a data signal on 
pin 2, the terminal is trying to send 
data and the problem may be in the 
modem. To test the modem, you 
would jumper pin 6 to pin 20 to 
force a DTR signal at the modem. 
If pin 2 at the modem glows, the 
problem is on the terminal side. 

Many computer problems are 
caused by incorrect connections 
between component units. A 
knowledge of what the correct 
connections are, and a means to 
check them out, such as a break- 
out box, will solve a great number 
of these problems. OWL 
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Iwatsu Instruments has issued 
a short -form catalog covering its 
complete line of test and measur- 
ing instruments. 

This 12 -page brochure details 
features and specifications on 
Iwatsu oscilloscopes that offer a 
wide range of performance capa- 
bilities. A scope calibrator, scope 
carts and trigger probes also are 
covered. 

Circle (125) on Reply Card 

United States Instrument 
Rentals has published its 
1987/1988 Product Guide. This 
368 -page guide to instrumentation 
provides information on more than 
5,000 different major manufac- 
turer's models of electronic test 
and measurement and data proc- 
essing equipment inventoried by 
USIR. 

Circle (126) on Reply Card 

Connector Corporation has an- 
nounced the addition of tube neck 
retaining clamps as an option for 
most of its line of sockets for 
cathode ray tubes. This integral re- 
taining clamp ensures that the 
socket and tube base remain 
mated under extreme shock, vibra- 
tion and rugged environmental 
conditions. 

The tube neck retaining clamp 
assembly is part of the socket 
body. The positive clamp is 
resilient and conforms to the tube 
neck configuration. Full descrip- 
tions are provided in an 8 -page 
brochure. 

Circle (127) on Reply Card 

Augat/Alcoswitch has released 
a 90 -page New Products Catalog. 

Included in the new literature 
are the Gemini Series sub- 
miniature toggle and push-button 
series and the AS Series sealed 
and machine insertable slide 
switch, in a DIP package. Also 
featured are the Blue Line 
miniature relays, S -series SIP 
switch and all new hybrid DIP 
switches incorporating resistors or 

diode networks in either conven- 
tional DIP or encoded Rotary DIP 
packages. 

Circle (128) on Reply Card 

More than 400 precision measur- 
ing devices and miniature hand 
tools are featured in the new 
Moody hand tools catalog No. 867. 
In addition to the standard line of 
high quality products, more than 
100 Moody and Acu-Min tools for 
home and industrial use have been 
added in this 56 -page edition. 

Circle (129) on Reply Card 

Scooter Products Group/Ohm 
Electronics offers a Computer Ac- 
cessory Guide that aids computer 
dealers, resellers, electronic dis- 
tributors and end users in select- 
ing products that best meet their 
computer -protection needs. Key 
features and benefits are listed for 
each product group. The full color 
guide details the complementing 
decor of these products, which are 
compatible with all popular per- 
sonal computers, including IBM 
PC/XT/AT. 
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Hard Tests For 
Hard Drives. 

SELECTED 

READY 

SEER COMP 

TRACK O 

STET 

DM IN 

MIT GATE 

WIRT FAULT 

NEADS 

HEAD 4 

HEAD 2 

READ I 

NOES 

SECTOR 

CART IN 

WRY BROT 

SEL 4 

SEL 3 

ONV SEL 3 

HEY SEL 

r__ r» 
KJ INSTRUMENTS MODEL 506 

DISE DRIVE ANALYZER 

KJ Instruments' Model 506 is unlike any other hard disk tester on the 
market today. To start with, it's more than just a first-class tester. It's an 
automated diagnostic test system, performing in the familiar 
environment of your IBM PC/XT/AT or compatible. 

With the Model 506, you can easily configure test parameters, file 
them on disk, and analyze the results. Its extensive English menu shows 
you how to diagnose the most elusive faults in any drive with an 
ST506/412 interface. 

During each test, you're constantly kept updated with a live, picture 
window view of how the drive is performing. 

Rugged construction, sophisticated windowing software, and weighing 
a portable seven pounds, KJI's Model 506 gives you the first really new 
choice you've had in hard drive testers for a long time. 

For more information on the Model 506, call KJ Instruments, a 

Division of Applied Data Communications, Inc., toll free at 800/221- 
5486 (Outside California) or 800/334-5486 (Inside California). 

KJ INSTRUMENTS 

-A 

DIVISION OF 
y 
f -i 

1-i 
COMMUNICR11CNS 
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Figure 1. 

Figure 2. 

1/f 
(EXCESS 
NOISE) 

f 

Test your 
electronic knowledge 

By Sam Wilson 

1. You are measuring the voltage 
on the base of the transistor in 
Figure 1. The voltage should be 
about 

A.) + 6V. 
B.) + 8V. 

2. In Figure 2 the purpose of R1 
is to adjust 

Figure 4. 

SIGNAL 
INPUT 

SHOT AND 
THERMAL 

NOISE 

HIGH FREQUENCY 
NOISE 

Figure 5. 1kHz FREQUENCY 

A.) the amount of power supply 
voltage delivered to the op - 
amp. 

B.) the slewing rate. 
C.) the gain. 
D.) the offset voltage. 

3. Which of the following is true 
for the symbol in Figure 3? 

A.) There is no such symbol. 
B.) It is the symbol for a pro- 

grammable zener diode. 
C.) It is a variation of the symbol 

for an SCR. 
D.) It is for an avalanche diode. 

4. A current-multiplier/buffer cir- 
cuit whose output "mirrors" the in- 
put in a fixed ratio is called 

A.) a Wilson current mirror. 
B.) a reflectometer. 
C.) a slideback current regulator. 
D.) (None of these choices is 

correct.) 
5. Excess noise occurs in ampli- 
fiers at frequencies below 1kHz. It 
is also called 
A.) flicker noise. 
B.) 1/f noise. 
C.) (Both answers are correct.) 
D.) (Neither answer is correct.) 

6. The chop mode for a dual -trace 
oscilloscope should be used for 
A.) low frequencies. 
B.) high frequencies. 

7. Meter movement X at 
50,00051/V and meter movement Y 
require 25µA for full scale deflec- 
tion. Which is more sensitive? 

A.) Meter movement X 
B.) Meter movement Y 

8. You would expect the trans- 
former shown in Figure 4 to have 

A.) no eddy current loss. 
B.) zero hysteresis loss. 
C.) a constant output voltage. 
D.) (None of these choices is 

correct.) 
9. In a compact disc system a 
sample -and -hold circuit is used in 
the 

A.) D/A converter. 
B.) A/D converter. 

10. A thin air gap may be added 
to the core of an inductor to make 
it 

A.) saturate at a lower current. 
B.) almost impossible to 

saturate. 
Answers are on page 57 
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Troubleshooting 
Tips 

Intermittent height 
RCA CTC97A 
(Photofact 1831-2) 

Because the complaint against the RCA CTC97A- 
chassis color receiver was a total loss of height after 
about five minutes of operation, the receiver was 
operated before any tests or adjustments were 
made. After about six minutes, the vertical deflec- 
tion collapsed, leaving only a single horizontal line 
across the picture -tube screen. It was time now for 
the testing to begin. 

With the receiver on the troubleshooting bench, 
the back was removed and the vertical area made as 
uncluttered as possible. The receiver was allowed to 
cool, then was switched on and vertical -system dc - 
voltage readings taken rapidly (and written down) 
during the five to six minutes before the vertical col- 
lapsed. Dc voltage tests were made at the same 
points as before and the readings compared. 

The Q19's +26.9V collector voltage now was 
about zero, and thermistor PTC1 (between collector 
and the + 27V supply) was very hot. I tried cooling 
small areas of the vertical system, but the symptoms 
and voltages did not change. Because I was not 
familiar with this circuit, I decided to remove the 
resistors one by one for more accurate out -of -circuit 
resistance tests. While doing this guessing and bor- 
ing work, I found that 220kO R116 was open. Unfor- 
tunately, replacement of R116 did not change the 
symptom: loss of vertical sweep within minutes. 

Q6 SWIICR pRIVfR 

CI 6 R16 , 100069V R,p 

RII{ ~' # Ql, # 
î6R Iftl 

rom R6C 

b ' 2. 270V 

® 

f119 
Q23 Kt -RRA UR.VIR 

QA RETRACE SMIICR 

# aim 

Not having any better idea at that moment, I con- 
tinued to remove and test other vertical -circuit 
resistors, without finding a bad one until I checked 
220k2 R117, which had become very high in 
resistance. A new 220kO resistor was installed to 
replace the defective R117 and normal vertical 
deflection was restored permanently. Several minor 
adjustments were made, the back was replaced and 
the color TV was operated on our time -test bench 
for several hours without any signs of height or 
other picture problems. 

Since that repair, I have found several model 
RCAs with similar vertical circuits, and they also 
had at least one open or increased -value 220kO2 
resistor. For those reasons, I automatically replace 
those two 220kS1 resistors in each of those RCAs 
that I service. I believe it has reduced call -hacks. 
Victor Caro 
Bronx, New York ESQ 

Troubleshooting 
Tips rates and 
guidelines 

Beginning with the January 1987 issue, ES&T 
is paying $25.00 per item for Troubleshooting 
Tips that are accepted. 

A Troubleshooting Tip is a description of the 
procedure used by a servicing technician to 
diagnose, isolate and correct an actual 
instance of a specific problem in a specific 
piece of electronic equipment. Its value to 
readers, however, lies in the general methods 
described rather than its applicability to the 
repair of the specific piece of electronic 
equipment. 

A good, useful, Troubleshooting Tip has the 
following elements: 
1. a brief but complete, accurate and concrete 

description of the problem symptoms; 
2 a complete identification of the set, 

including manufacturer's name, model and 
chassis number and the Sams Photofact 
number, if applicable; 

3. a hand drawn schematic sketch of the area 
where the trouble occurred, if applicable. 
Include some major component such as a 
trarsformer, tube or transistor to serve as a 
landmark to the ES&T staff; 

4. a detailed, step-by-step description of the 
procedure used to track down the cause of 
the problem. This should include the 
thinking process used-for example, "the 
absence of B+ voltage led me to 
bel ieve...etc."; 

5. a mention of any symptoms that misled you 
and caused you to follow false trails; 

6. a narrative telling why the defect was 
suspected and how it was determined to be 
the cause of the problem such as tested 
open, snorted, etc.; 

7. a description of how the repair was 
performed, including any precautions about 
possibility of damage to the set or injury to 
the servicer, if applicable. 

The characteristics of a good candidate for 
Troubleshooting Tips are as follows: 
1. It should be a relatively uncommon problem. 
2. The diagnosis and repair should not be 

obvious, and preferably should present 
sorrething of a challenge to a competent 
service technician. 
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Symptoms and cures compiled from field reports 
ealäänäääMääaid of recurring troubles 
r 

Chassis-Sylvania E-32 
PHOTOFACT- 2034-1 

SC527 

FLYBACK 
PIIN 10 C540.ß 

47µF`1\ \ 
OPEN 

+220V 
SOURCE 

Symptom - Left side of picture is darker; color smears. 
Cure-Check capacitor C540, and replace it if open. 

1 i Chassis-Sylvania E-32 
PHOTOFACT - 2034-1 

Chassis-Sylvania E32 3 

PHOTO FACT - 2034-1 

Q401 HORIZ DRIVER 
T400 

TO 
Q402 

11 
0.1 BASE 

R460 
1000 OPEN 

+112V 

Symptom-The horizontal deflection does not operate. 
Cure-Check resistor R460, and replace it if open. 

Chassis-Sylvania E32 5 

PHOTOFACT - 2034-1 

R992 
5.6M 

+220V+11-----~ 

/ R988 
OPEN 10M 

FROM LOW END OF 
FOCUS VOLTAGE 

R987 
1M TO 

CRT 
SCREENS 

Symptom-Excessive brightness produces retrace 
lines. 
Cure - Check R992, and replace it if open. 

PART OF 
IC602 
CHROMA 

OPEN\ 6 C665 

C662 
L609 220pF 

220pF- 

Symptom - Incorrect color hues. 
Cure-Check capacitor C662, and replace it if open. 

2 

Chassis-Sylvania E32 4 
PHOTOFACT- 2034-1 

R469 
150K 

R472 
150K 

PART OF 
I C900 
CHROMA 

C460 R931 
10pF 15K SC908 

HORIZ 
PULSES 

Symptom-All color is missing. 
Cure-Check R469 and R472 and replace either if open. 

Chassis-Sylvania E32 6 

PHOTOFACT - 2034-1 

FLYBACK 
1 

+25V 
SOURCE 

+20V 
SOURCE 

(SHORTED 

SYMPTOM-All sound is missing. 
Cure - In the power supply, check for a shorted SC100 
diode and an open R120 resistor; replace all defective 
components. 
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Editor's note: Periodically Elec- 
tronic Servicing & Technology 
features books dealing with subjects 
of interest to our readers. Please 
direct inquiries and orders to the 
publisher at the address given, 
rather than to us. 

Electric Circuit Analysis, by 
S.A. Boctor; Prentice -Hall, 
839 pages, $30.25 hardbound. 

Although this author bases foun- 
dation electric circuit analysis 
primarily on algebra and trigo- 
nometry, the emphasis is on the 
why and how before involving the 
reader in the usual albebraic 
manipulations. New mathematical 
concepts are treated in conjunc- 
tion with the corresponding circuit 
analysis topic. Calculus concepts 
are clearly introduced, with 
derivations based on calculus pro- 
vided in the appendices of rele- 
vant chapters. An excellent text 
for starting or brushing -up math 
precepts. 

Published by Prentice -Hall, Inc., Englewood 
Cliffs, NJ 07632; 1.800.223-2336. 

Digital Logic Circuits: Tests 
and Analysis, by Robert G. 
Middleton; Howard W. Sams, 
304 pages, $16.95 paperback. 

No previous experience with 
digital circuitry is assumed by the 
author, who does a good job of an- 
ticipating pitfalls that lie in wait 
for the beginning technician. 
Stressing the necessity of reason- 
ing back from the symptom, and 
finding the cause of the problem(s) 
by systematically eliminating 
various possibilities, the book in- 
troduces readers to basic test 
equipment and its various applica- 
tions. Techniques are presented 
without frills, with the major 
thrust toward practice instead of 
theory. With troubleshooting 
digital logic circuits now an activi- 
ty of concern to electronic tech- 
nicians, this is a useful, timely 
publication. 

Published by Howard W. Sams & Company, 
4300 W. 62nd St., Indianapolis, IN 46268; 
317-298-5409. our, 

Exclusive, triple patented dynamic 
cap and coil analyzing ... guaranteed 
to pinpoint your problem every time 

or your money back 

with the all new LC75 "Z METER 2" 
Capacitor Inductor Analyzer 

Patented $995 

The "Z METER" is the only LC tester that enables you to test all 
capacitors and coils dynamically - plus, it's now faster, more 
accurate, and checks Equivalent Series Resistance (ESR) plus 
small wire high resistance coils. 
Eliminate expensive part substitution and time-consuming shotgun- 
ning with patented tests that give you results you can trust every time. 
Test capacitor value, leakage, dielectric absorption, and ESR dynamically; 
with up to 600 volts applied for guaranteed 100% reliable results - it's 
exclusive - it's triple patented. 
Save time and money with the only 100% reliable, in- or out -of -circuit 
inductor tester available. Dynamically test inductors for value, shorts, and 
opens, automatically under "dynamic" circuit conditions. 
Reduce costly parts inventory with patented tests you can trust. No 
more need to stock a large inventory of caps, coils, flybacks, and IHVTs. 
The "Z METER" eliminates time-consuming and expensive parts substitut- 
ing with 100% reliable LC analyzing. 
Turn chaos into cash by quickly locating transmission line distance to 
opens and shorts to within feet, in any transmission line. 

Test troublesome SCRs & TRIACs easily and automatically without 
investing in an expensive second tester. The patented "Z METER 2" even 
tests SCRs, TRIACs, and High -Voltage Diodes dynamically with up to 600 
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory 
for only $148 or FREE OF CHARGE on Kick Off promotion. 
To try the world's only Dynamic LC Tester for yourself, CALL TODAY, 
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo. 

Call Today Wats Free 1-800-843-3338 SNCQ 
3200 Sencore Drive 
Sioux Falls, SD 57107 
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PART 2 

TV sound in 
stereo 
By Bert Huneault 

Part one of this two-part article 
was published in January 1987 
issue of ES&T. 

A little MTS history 
Through the early 1980s, the 

Broadcast Television System Com- 
mittee (BTSC) of the Electronic 
Industries Association (EIA), on 
behalf of the TV industry broad- 
casters and equipment manufac- 
turers, investigated standards for 
the broadcasting and reception of 
multichannel television sound that 

Lambert C. Huneault is coordinator of the Electronics 
Department, St. Clair College of Applied Arts and 
Technology, Windsor, Ontario, Canada. 

was to include stereophonic sound 
as well as a simultaneous second 
audio program-for example, a 
second language. 

The EIA eventually recom- 
mended the Zenith transmission 
system coupled with dbx noise 
reduction, and submitted the com- 
bined system, called the BTSC 
system, to the FCC in January 
1984. The following April, in a 
decision reminiscent of the AM 
stereo scenario, the FCC informed 
the industry that the choice of 
technical standards was left to the 
marketplace, instead of ruling in 
favor of a specific system. How- 
ever, protection was granted to the 

pilot frequency of the BTSC sys- 
tem; the FCC ruled that if a pilot 
signal is transmitted at 
15.734kHz, the BTSC system must 
be employed. Thus the way was 
cleared for TV broadcasters to 
start transmitting sound in stereo. 
As a result of the FCC endorse- 
ment, the BTSC system rapidly 
has become the standard TV 
stereo sound system in North 
America where the first commer- 
cial TV broadcast in stereo oc- 
curred during the 1984 Summer 
Olympics in Los Angeles. 

The BTSC system 
Just as in FM MPX stereo, the 

BTSC features an L + R main 
audio channel, a pilot carrier and a 
subchannel containing L -R AM 
sidebands. 

One significant difference is the 
use of 15.734kHz as the pilot sig- 
nal frequency in the BTSC system, 
instead of 19kHz. Of course, TV 
technicians immediately will rec- 
ognize 15.734kHz as the horizontal 
scanning frequency in color televi- 
sion. Neat, isn't it? Another impor- 
tant difference is the possible in- 
clusion of a monophonic second 
audio program (SAP) subchannel, 
in addition to an optional SCA-like 
professional subchannel. 

Figure 7 shows the composite 
spectrum of the BTSC system fea- 
turing a fully -loaded baseband con- 
taining all optional goodies 
(stereo, SAP and professional sub - 
channels). 

The baseband includes the 
following signals: 

1. The main channel consists of 
L + R audio (50Hz-15kHz) with 
75µs pre -emphasis. This signal 
frequency -modulates the TV sta- 
tion's sound carrier in the same 
way that a conventional 
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Figure 7. BTSC composite spectrum (fully loaded baseband). 
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monophonic signal does. 
2. The Pilot Signal is a 

15.734kHz continuous wave. 
Because this is the same as the TV 
horizontal sync frequency, we 
refer to it as H. As mentioned 
earlier, this specific frequency is 
"protected" under FCC rules; the 
rest of the audio baseband is vir- 
tually unregulated. TV receivers 
use the pilot signal to: 

recognize that a stereo signal 
is present and turn on an LED; 
regenerate the subcarrier neces- 
sary for decoding of the L -R 
stereo information-for demod- 
ulation of the L -R sidebands. 
3. The stereo subchannel incor- 

porates the L -R audio signal that 
first is subjected to level encoding 
(compression) as part of the dbx 
companding system. Companding 
means COMpressing (at the 
transmitter) and complementary 
exPANDING (at the receiver), in 
order to achieve better noise 
reduction. This is somewhat like 
the Dolby system. The Com- 
pressed L -R audio is then used to 
amplitude -modulate a subcarrier 
centered at 31.468kHz (frequen- 
cy = 2H) in a double sideband sup- 
pressed carrier modulator (AM 
DSBSC), producing L -R sidebands 
on both sides of the 31.468kHz sub - 
carrier frequency. These double 
sidebands then frequency - 
modulate the station's sound car- 
rier. 

Note that the BTSC multichan- 
nel TV sound system is compatible 
with the existing NTSC standard. 
A conventional (monophonic 
sound) TV receiver ignores every- 
thing but the main channel, and 
reproduces the L + R audio just as 
it would any mono signal. 

4. The SAP subchannel has no 
equivalent in the conventional FM 
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Analyze defective waveforms 
faster, more accurately, and 

more confidently - every time 
or your money back 

A DELTA MEASUREMENTS 

NeLL 

with the SC61 Waveform Analyzer 
Patented $2,995 

If you value your precious time, you will really want to check 
out what the exclusively patented SC61 Waveform Analyzer can 
do for you. 10 times faster, 10 times more accurate, with zero 
chance of error. 
End frustrating fiddling with confusing controls. Exclusive ultra solid 
ECL balanced noise cancelling sync amplifiers, simplified controls, and 
bright blue dual trace CRT help you measure signals to 100 MHz easier 
than ever. 
Accurately and confidently measure waveforms from a tiny 5 mV 
all the way to a whopping 3,000 V without hesitation with patented 
3,000 VPP input protection - eliminates expensive "front end" repairs 
and costly equipment downtime. 
Make only one circuit connection and push one button for each 
circuit parameter test: You can instantly read out DC volts, peak -to -peak 
volts and frequency 100% automatically with digital speed and accuracy. 
It's a real troubleshooting confidence builder. 
Confidently analyze complex waveforms fast and easily. Exclusive 
Delta measurements let you intensify any waveform portion. Analyze 
glitches, interference signals, rise or fall times or voltage equivalents be- 
tween levels; direct in frequency or microseconds. 
Speed your digital logic circuit testing. Analyzing troublesome divide 
and multiply stages is quicker and error free - no time-consuming 
graticule counting or calculations. Simply connect one test lead to any test 
point, push a button, for test of your choice, for ERROR FREE results. 
To see what the SC61 can do for your troubleshooting personal productivity 
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338, 
for a FREE 15 day Self Demo. 

Call Today Wats Free 1-800-843-3338 SNCOR 
3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 
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Figure 9. Simplified block diagram of stereo generator. 
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Figure 10. Simplified block diagram of SAP generator. 

stereo system. As pointed out 
earlier, a special feature of the 
BTSC system is its provision for a 
monophonic second audio program 
(SAP) that may be used for a se- 
cond language in a bilingual broad- 
cast. The SAP audio signal is first 

subjected to dbx compression iden- 
tical to that of the L -R audio 
signal. The compressed SAP audio 
frequency -modulates a 78.671(Hz 
(frequency= 5H) subcarrier, which 
then modulates the TV station's 
FM sound carrier. Maximum fre- 

quency deviation of the 5H subcar- 
rier is ± 10kHz. Some manufac- 
turers refer to SAP as "secondary" 
or "separate" audio program. 

5. The professional subchannel is 
yet another optional feature of the 
BTSC system. It can be used for a 
variety of non -program -related 
purposes: communicating with 
remote crews or for non-public 
subsidiary communication services 
(much like SCA). Its subcarrier 
frequency is 102.271kHz (6.5H) 
and it features either FM modula- 
tion for voice transmission or FSK 
(frequency shift keying) for data 
transmission. 

Other baseband configurations 
Because the BTSC baseband is 

virtually unregulated (with the ex- 
ception of the pilot frequency), 
some transmissions may feature 
different baseband configurations. 
Instead of the fully loaded 
multichannel sound baseband il- 
lustrated in Figure 7, some 
transmissions may consist of 
monophonic audio with a second 
audio program (SAP), with or 
without a professional channel. 
Another baseband configuration 
might consist of the main channel 
(L + R), pilot and stereophonic sub - 
channel (L -R) with or without a 
professional channel but with no 
SAP. Yet another scheme might 
feature monophonic audio with no 
SAP and with or without a profes- 
sional channel. This article on 
MTS is mainly concerned with the 
main channel and the stereo and 
SAP subchannels; the professional 
channel will not be discussed any 
further because it is used for non- 
public services. 

MTS transmitter 
Figure 8 is a highly simplified 

block diagram of the overall MTS 
transmission system. 

Note that the composite stereo 
signal at the output of the stereo 
generator is added to the FM sub - 
carrier emerging from the SAP 
generator, to produce the com- 
posite signal that frequency - 
modulates the TV station's VHF or 
UHF sound carrier. Also, note the 
horizontal sync signal (frequency 
H) that is applied to both 
generators. 

To get a better idea of what is 
contained in the two generator 
blocks of Figure 8, refer to Figures 
9 and 10. 
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In Figure 9, note that the 
31.468kHz subcarrier is produced 
by a phase -locked loop (PLL) 
locked to twice the horizontal sync 
frequency (2H). This subcarrier 
gets modulated by the dbx-encoded 
(compressed) L -R audio signal in a 
balanced modulator featuring AM 
double sideband suppressed - 
carrier output. The resulting L -R 
sidebands (centered on 31.468kHz 
and ranging between 16.468kHz 
and 46.468 kHz) are then added to 
the pre -emphasized L + R audio 
signal and the 15.734kHz pilot 
signal, to generate the composite 
stereo signal. 

Just as the L -R audio signal is 
compressed, so is the SAP audio 
signal, as seen in Figure 10. Unlike 
the stereo generator with AM 
DSBSC modulation of a 31.468kHz 
subcarrier, however, the SAP gen- 
erator features frequency modula- 
tion of a 78.67kHz subcarrier, 
which is generated by a PLL 
whose voltage controlled oscillator 
(VCO) is locked at a frequency five 
times that of horizontal sync 
pulses (5H). Frequency modulation 
of the SAP subcarrier is achieved 
in an interesting manner in Figure 
10: the SAP audio signal is added 
to the control voltage in the PLL, 
forcing the frequency of the VCO 
to swing (deviate) on either side of 
78.67kHz. 

Noise reduction 
To obtain respectable stereo 

signal-to-noise ratios, dbx noise 
reduction is incorporated in the 
Zenith/dbx (BTSC) system. Just 
like the Dolby system, this com- 
panding reduces noise and hiss 
even in less -than -ideal reception 
areas. In order to obtain mono- 
phonic compatibility, the main 
channel (L + R) is not companded. 
Nevertheless this technique does 
achieve effective noise reduction 
because most of the noise is in- 
troduced in the subchannels. 

Companding reduces noise by 
using the masking principle. Effec- 
tive masking occurs only if the 
spectrum of the transmitted signal 
contains sufficient high -frequency 
information. Unfortunately, most 
program material contains very 
little energy in the high -frequency 
part of the spectrum. Dbx com- 
panding solves that problem by 
dynamically altering the spectrum 
of the audio signal in a selective 
manner that is determined by fre- 

low test and restore every CRT on the 
market ... without ever buying 

another adaptor socket or coming up 
embarrassingly short in front of your 

customer ... or your money back 

with the new improved CR70 "BEAM BUILDER" TM 

Universal CRT Tester and Restorer 
Patented $995 

Have you ever? 
Thrown away a good TV CRT, data display CRT, or scope CRT that 
could have been used for another two or three years because you had no 
way to test or restore it? 

Lost valuable customers because you advised them that they needed 
a new CRT when another technician came along and restored the CRT 
for them? 
Lost the profitable extra $35 or more that you could have gotten for 
restoring a CRT while on the job and locked in the profitable CRT sale later? 
Avoided handling profitable trade-ins or rentals because you were 
afraid you'd have to replace the picture tube when you could have restored 
it? 

Had a real need to test a CRT on the job, but didn't have the right 
adaptor socket or setup information in your setup book? 

If any of these things have happened to you, CALL TODAY, WATS FREE, 
1-800-843-3338, for a FREE 15 day Self Demo. 

"BEAM BUILDER" is a trademark of Sencore, Inc. 
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Figure 11. Block diagrams of sound circuits in a BTSC receiver. 

quency and amplitude parameters. 
This is achieved by means of band- 
pass filters, RMS detectors and op - 
amps featuring variable gain and 
variable pre -emphasis circuits. So, 
when the doctored -up audio signal 
emerges from the compressor cir- 
cuitry, it contains a high propor- 
tion (but not an excessive amount) 
of high frequencies. 

In the receiver, a frequency 
selective expander is used to 
restore the audio signal to its 
original form, thus restoring the 
original dynamic range and reduc- 
ing noise in the process. The ex- 
pander is virtually a mirror image 
of the compressor. Although the 
dbx compander features two com- 
pressors at the transmitting end 
(one for L -R and one for SAP, as 
seen in Figures 9 and 10, respec- 
tively), the TV receiver normally 
features only one expander, but it 
is switched to either the stereo 
mode or the SAP mode. 

MTS receiver 
Figure 11 is a block diagram of 

the sound section of a TV receiver 
suitable for stereo and SAP recep- 
tion. The front end (tuner) is con- 
ventional. Although some MTS 
receivers feature a single 45MHz 
IF strip common to both picture 
and sound, as in conventional 
monophonic receivers, many TV 
sets feature two separate 45MHz 
IF strips: one for the picture and 

one for the sound, as in Figure 11. 
The sound IF signal produced at 
the output of the 4.5MHz intercar- 
rier sound detector must receive 
special consideration as it passes 
through the sound IF amplifier 
and the FM detector because, with 
the BTSC composite baseband oc- 
cupying approximately 90kHz, it 
follows that 180kHz bandwidth is 
needed in the sound IF and FM 
detector circuitry. Double -tuned 
transformers or ceramic filters 
can provide the required extra 
bandwidth with adequate selectivi- 
ty. In monophonic receivers, the 
4.5MHz sound section normally 
has a bandwidth of only 50kHz. 

The composite signal at the out- 
put of the FM detector contains all 
the baseband components present 
at the transmitter: the 50Hz-to- 
15kHz L + R audio signal (pre- 
empahsized), the 15.734kHz pilot, 
the 16.568kHz-to-46.468kHz 
L -RAM sidebands (compressed), 
and the 78.67kHz SAP FM carrier 
that deviates between 68.67 and 
88.67kHz. 

Stereo reception 
The composite signal 'is fed 

through an SAP trap to the stereo 
demodulator, wherein a 31.468kHz 
subcarrier is regenerated and com- 
bined with the L -R sidebands to 
recover the L -R audio signal; the 
L + R audio passes through the 
demodulator, and is de-empha- 

sized before reaching the matrix. 
The L -R audio signal (which had 
been compressed at the transmit- 
ter) is now fed through the dbx ex- 
pander circuitry and is then ap- 
plied to the matrix. The original 
LEFT and RIGHT audio signals 
are recovered at the output of the 
matrix and are fed to the audio 
system. 

SAP reception 
The composite signal at the out- 

put of the FM detector is fed 
through an SAP bandpass filter 
(passband = 68.67 to 88.67 kHz) to 
the SAP FM demodulator. The 
output of this FM demodulator is 
the SAP audio signal. To hear this 
second audio program, it is only 
necessary to flip the SAP/ 
STEREO switch to the SAP mode, 
allowing thé SAP audio signal to 
pass through the dbx expander. It 
is then fed to the audio system. 
Although both stereo and SAP 
signals are received simultaneous- 
ly, only one program is listened to 
at a time, as selected by the audio 
switching arrangement. 

A detailed discussion of the com- 
plete circuitry of the sound section 
of actual BTSC receivers is beyond 
the scope of this article, as it would 
entail page after page of schematic 
diagrams and circuit descriptions; 
but a comment or two are apropos. 

So far, manufacturers have seen 
fit to implement the BTSC decoder 
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block diagram of Figure 11 by 
means of very elaborate circuitry, 
which often comprises multiple cir- 
cuit boards with numerous ICs and 
a surprisingly large number of 
discrete transistors. For example, 
the Toshiba CX484C color TV 
chassis incorporates two printed 
circuit boards (PCBs) in the MTS 
section, in addition to audio cir- 
cuitry on the main TV circuit 
board. The two PCBs feature a 
total of nine ICs and 27 discrete 
transistors! In the RCA CTC131 
monitor/receiver, the complete 
BTSC sound -processing circuitry 
comprises three PCBs featuring a 
total of 17 ICs and 28 discrete 
transistors. The Canadian Elec- 
trohome/Mitsubishi CK-3501C 
monitor/receiver features one 
MTS circuit board with six ICs and 
24 discrete transistors. 

Simpler circuitry to come? 
Considering the simplicity of 

stereo decoder circuits in ordinary 
FM radios, the complexity of MTS 
circuitry in TV receivers seems ar- 
chaic, notwithstanding the fact 
that dbx expanding and SAP 
decoding are bound to increase 
component counts. I think the 
present complexity represents 
normal evolution, and anticipate 
simpler BTSC decoders with fewer 
discrete components and more cir- 
cuit functions implemented with 
ICs in the not -too -distant future, 
especially in low-cost receivers. 

Stereo sound in TV sets un- 
doubtedly is here to stay, and some 
manufacturers already are offer- 
ing MTS adapters for existing 
monophonic TV sets. Keep in mind 
that due to the BTSC bandwidth 
considerations discussed earlier, 
the input signal for súch adapters 
should not be taken from the out- 
put of the receiver's FM detector. 
Instead, it must come from the 
4.5MHz intercarrier sound detec- 
tor or from the tuner output if the 
adapter has its own 45MHz sound 
IF circuit. Test equipment 
manufacturers are also jumping on 
the MTS bandwagon, offering sig- 
nal generators dedicated to the 
alignment and troubleshooting of 
BTSC circuits; the latest one to 
come to my attention is the B & K 
model 2009 MTS TV stereo 
generator. 

Now that we have stereo sound 
in TV sets, what will come next... 
stereo (3D) pictures? USeI N 

Walk "tough dog" troubles out of 
any TV & VCR in half the 

time ... or your money back 

with the exclusive, patented, 
VA62 Universal Video Analyzer ...$3,295 

Would you like to? 
Reduce analyzing time: Isolate any problem to one stage in any TV or 
VCR in minutes, without breaking a circuit connection, using the tried 
and proven signal substitution method of troubleshooting? 
Cut costly callbacks and increase customer referrals by completely 
performance testing TVs & VCRs before they leave your shop? Own the 
only analyzer that equips you to check all standard and cable channels 
with digital accuracy? Check complete, RF, IF, video and chroma response 
of any chassis in minutes without taking the back off the receiver or 
removing chassis plus set traps dynamically right on CRT too? Simplify 
alignment with exclusive multiburst pattern? 
Reduce costly inventory from stocking yokes, flybacks, and other 
coils and transformers, for substitution only, with the patented Ring- 
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte- 
grated high voltage transformer ... in- or out -of -circuit? 
Protect your future by servicing VCRs for your customers before they 
go to your competition? Walk out "tough dog" troubles in any VCR chromi- 
nance or luminance circuit - stage -by -stage - to isolate problems in 
minutes? Have proof positive test of the video record/play heads before you 
replace the entire mechanism? 
Increase your business by meeting all TV and VCR manufacturers' 
requirements for profitable warranty service work with this one universally 
recommended analyzer? 
To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for 
a FREE Self Demo ... or learn how the VA62 works first by calling for 
your free simplified operation and application instruction guide, worth 
$10.00. 
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Break-out box 
Dataran's RS -232 break-out box, 

the DataTracker (DT -4) has been 
designed to monitor 25 lines on 
both sides, four states (high, low, 
off and clocking) simultaneously 
without any special patching. It 
contains 100 LEDs, 50 red and 50 
green, for monitoring activity on 
all of the 50 lines. According to 
Datatran, this capability is not 
found on any other RS -232 device. 

The DataTracker is passive, 
drawing its power from the equip- 
ment under test and thereby plac- 
ing a load on the line being tested, 
while visually indicating signal 
strength. There are 25 separate 
switches for straight -across patch- 
ing designed in two groups of 10 
and one group of five. An added 
feature allowing pins 2 and 3 to be 
crossed (a common practice) has 
been included. Cable testing is an 
additional capability. 

Circle (75) on Reply Card 

Silicone elastomer 
Dow Corning announces an 

elastomer, Sylgard Q3-6605 ther- 
mally conductive elastomer, with 
premium thermally conductive 
properties. This flexible material 
has been developed for potting and 
encapsulating electrical and elec- 
tronic devices that require high 
thermal conductivity. It is suited 
for potting transformers, power 
supplies, general purpose modules, 
coils and relays where thermal 
dissipation is crititcal. 

Sylgard Q3-6605 elastomer is 

also effective as an adhesive for 
bonding hybrid circuit substrates 
and components to heat sinks and 
in other bonding applications re- 
quiring high strength flexibility 
and thermal conductivity. It pro- 
vides primerless adhesion to many 
substrates. Flexibility and stability 
are retained through repeated 
thermal cycling, from a low of 
-45°C up to 200°C. It has ex- 
cellent dielectric properties, ac- 
cording to the manufacturer. 

Circle (76) on Reply Card 

Physical and static protection 
Protection for PC boards and 

subassemblies from both impact 
and static electricity are combined 
in a cushioned static shielding bag 
from the 3M Static Control 
Systems Division. 

The 3M Model 2120 Cushioned 
Static Shielding Bag features 
static protection and a new open - 
cell cushioning layer to curb the 
costs involved in 2 -part packaging 
methods while providing optimum 
protection. 

Five -layer construction protects 
against all three kinds of static 
threat: direct discharge, triboelec- 
tric charge, and static fields. The 
inside layer of this bag is an anti- 
static liner of smooth polyethylene 
to minimize snagging. 

Polyester film and open -cell 
polyethylene cushioning layers 
provide tensile and dielectric 
strength and physical protection. 
A conductive metallic outer layer 
with an abrasion -resistant coating 
ensures static shielding (1011/sq. 
resistivity). 

Circle (77) on Reply Card 

Interface analyzer 
The model 500 EIA RS -232 in- 

terface analyzer has been an- 
nounced by Electro Standards 
Laboratory. It is a diagnostic tool 
designed for use at the standard 
EIA RS -232 or CCITT V.24 data 
interface of modems, multiplexers, 
terminals, and computers. The 
model 500 is simply inserted in 
series between the data terminal 
equipment (DTE) and the data 
communications equipment (DCE) 
to provide access to and monitor- 
ing of all data, timing, and control 
signals. 

High efficiency red LEDs dis- 
play polarity, activity, and validity 
of all key interface signals. Minia- 
ture rocker switches allow the user 

to program a make or break for 
each signal at the DCE/DTE inter- 
face. Minipatchcords are provided 
for cross -patching or loopback 
patching of signals at the front 
panel test point array. 

A complete table of EIA/CCITT 
standard interface signal descrip- 
tion is provided in a reference 
chart. 

Circle (78) on Reply Card 

Heat sink compound 
GC Electronics has introduced 

Type 44 Synthetic -Ester based 
heat sink compound, which 
transfers 46% more heat than the 
best of silicone compounds, ac- 
cording to the manufacturer. Type 
44 was developed in response to 
demand for an efficient heat 
transfer compound that would not 
contaminate other components. 
Olefin- and silicone -based com- 
pounds evaporate and recondense 
upon adjacent components, says 
GC Electronics, but "Type 44's 
low -bleed and evaporation char- 
acteristics eliminate the problem." 

Circle (79) on Reply Card 

Software link 
Pioneer Research has announced 

the LINK 4000 and 4001 software 
packages for use on its PM 4000 
SMD and 4001 ESDI disk -drive 
testers. The new packages are 
written in Basic and compiled to 
execute on the range of IBM 
PC/XT/AT computers or associ- 
ated compatibles. 

The menu -driven LINK soft- 
ware provides a variety of 
capabilities, including automatic 
and manual updating of the defect 
map, updating from a specified 
file, read and save of the media 
defect map, and full control of the 
remote function via use of the PC 
as a dumb video display unit. This 
gives the user the freedom of 
direct control without having to 
exit from the software package. 
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Photofact 

These Photofact folders for TV receivers and other 
equipment have been released by Howard W. Sams & 
Co. since the last report in ES&T. 

GOLD STAR 
CMT-9202 2464-1 

HITACHI 
CT1358, CT1358B 2460-1 

HITACHI 
CT2550/51 /52/55/56 2463-1 

HITACHI 
CT19B4, CT1954, CT1955 2464-2 

JC PENNEY 
685-2104-00 2462-1 

MAGNAVOX 
Chassis 25C501/03/04/07/10/14/19/20/21/24/25/26/ 
27/28/30/32/33/34/35/36/37/39/44/45/46/50/51/52/ 
55/56/57/59/61/62 2466-2 

PANASONIC 
CT -1113, CTF-1011 2461-1 

16-236A 2461-2 

SEARS 
562.42410550 2461-3 

564.48120550/51/564.48121550 2465-1 

SHARP 
25J55, 25J105 2465-2 

SONY 
Chassis SCC-648K-A, SCC-6481-A 2460-2 

TOSHIBA 
CF305, CF306, CM305C 2464-3 

ZENITH 
SB2026S, SB2027S 2462-2 

RADIO SHACK 

SEARS 

ZENITH 
B2512G1/12K1/14M1/14N1/16P1/84P1, SB2513G1/ 
SB2513G1/13K1/15M1/15N1/17P1/69K/81 P/ 
81Y/85P1 2463-2 

MONITOR 

HITACHI 
CM 1406C 2466-1 

Two things a technician 
shouldn't be without ... 

Iva 

MuM 

#1. The 
Telephone 

#2. The NEW 
MCM Electronics Catalog 
Your telephone is a very important part of your 
business. It saves you time ... it helps you run your 
business smoothly and efficiently ... it's dependable ... 

and it's convenient. 

Like your telephone, the new MCM Catalog offers 
you many of the same advantages. 

With our wide selection of product lines, you'll save 
time looking for parts. Our fast, friendly and 
dependable service will help you operate smoothly, 
and you'll like our low prices. 

Convenient too! Our nationwide toll free numbers 
make us as close as that other important business 
tool - your telephone! 

Call today for your FRFF copy of the latest MCM 
Catalog. No obligation to buy! 

Catalog *13 Now Available 
Call TOLL -FREE 
1-800-543-4330 

(In Ohio call 1-800-762-4315) 
(In Alaska or Hawaii 1-800-858-1849) 

858 E. Congress Park Drive Centerville, OH 45459 

MCM ELECTRONICS 
A PREMIER Company 

Source No. ES -18 
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What do you know 
about electronics? 

Circuits used in 
digital audio circuits 

(Continued) 
By Sam Wilson 

In the previous article, I started 
a series on the circuits that are 
used in digital (compact disc) audio 
circuits. That series is continued 
here and will be continued in 
future articles. By way of a short 
review, the sample -and -hold cir- 
cuitry previously discussed will be 
briefly reviewed. 

Figure 1 shows the function of 
the sample -and -hold circuit. A 
sample rate input determines how 
many samples are taken per sec- 
ond. The input signal in this case is 
a sine wave. The output of the 
sample -and -hold circuit consists 
only of those voltages marked with 
dots. (The broken line shows the 
original sine wave input.) 

Figure 2 shows a sample -and - 
hold output signal (again, just the 
dots) delivered to an encoder. 
Pulse code modulation is used, so 
the encoder converts each of the 
dots to a binary number. In the 
simple example in the last issue, 
we used a 3 -digit number. The out- 
put of that simple encoder will be a 
string of binary numbers as shown 
in Figure 2. 

There are some inherent prob- 
lems with pulse code modulation. 
They were touched on in the last 
issue and they will be discussed in 
greater detail here. 

The first problem is called quan- 
tization error. The basic idea of 
this error is shown in Figure 3. For 
the wave shown in Figure 3 (a) the 
binary output code will be 

loo 101 100 011 100 
The audio waveform in Figure 3 

(b) is different. Its code is 
100 101 100 011 100 

So, the codes are the same but 
the waveforms are different. If the 
waveform in Figure 3(a) is repro- 
duced it will look like the one in 
Figure 3(b). Obviously, the signal 
has been distorted due to the quan- 
tizing error. 

The thing that makes this condi- 
tion worse than any other is that 
the squared pulses in Figure 3(b) 
contain high order harmonics. As 
will be shown shortly, this can pro- 
duce aliasing and other problems 
in the compact disc system. 

Another situation that can cause 
a quantizing error is shown in 
Figure 4. Here the waveform has a 
constant amplitude for five of the 
samples taken. The signal ampli- 
tude is exactly halfway between 
Code 100 and Code 101. Which 
code should be used to represent 
this part of the signal? 

Whichever is used, it is clear that 
the reproduced wave, which can 
exist only at 100 or 101, will not be 
an accurate representation of this 
part of the audio signal. 

Small variations in amplitude in 
the reproduced signal that are due 
to quantizing error show up as 
noise in the loudspeaker. 

One obvious solution for reduc- 
ing these quantizing errors is to 
use a greater number of codes to 
represent the signal amplitude. In 
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INPUT SIGNAL 

SAMPLE RATE 

Figure 1. 

Figure 2. 

: 11: 
/ + + 

4 t ENCODER 

100 110 111 110 100 010 001 010 100 etc. 

(a) 

100 101 100 011 100 

(b) 

Figure 3. 100 101 100 011 100 

101 

100 

Figure 4. 

ELENCO PRODUCTS 
AT DISCOUNT PRICES! 

r. 1..; 
_ . 

° 

77, 

' , 

1 1 -re ..., . 
1 

- I,I - ä,r 
20 MHz Dual Trace Oscilloscope 

$349.95 MO -1251 
Two lx, 10x 100 MHz probes, diagrams 
and manual included. Write for specs. 

35 MHz $499.95 MO -1252 

GF -8016 Function Generator 
with freq. counter 

_4« 
, 

$219.95 
Sine, Square, Triangle 
Pulse, Ramp, .2 to 2 MHz 
Frequency .1 thru 10 MHz 

GF -8015 without freq. meter $169 

Triple Power Supply XP -660 

0-20V @ 1A 1,-,_. -- 
0-20V @ 1A y 

5V @ SA et.. 
$149.95 diem 

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

3 Amp Power Supply XP -650 
--- _ T.- 0-40V @ 1.5A 

- -=) 0-20V @ 3A _.... ¿ 
., $119.95 

Fully regulated, short circuit protected 
current limit control 

Color Convergence Generator 

SG -200 
m $69.95 

` * Finest in the industry 
10 rock steady patterns 

Multimeter with Capacitance 
and Transistor Tester 

Model CM -1500 

$64.95 MI 
Reads volts, ohms, current, i. 
capacitors, transistors, diodes '°`'""'" 

Digital LCR Meter $148.95 
LC -1800 , Model 

Measures: Inductors 
Capacitors, Resistors 
Inductors .1uH to 200H 
Capacitor .1 Pf to 200uF 
Resistor .01 Ohms to 20M Ohms 
Ranges 6 Ind, 7 cap, 7 res 

C&S Sales, 8744 W North Ter. 
Niles, IL 60648 800-292-7711 fO 

CATALOG 312-459-9040 ASK FOR 
Add 5% P&H ($10 Max 

/ 
item) per - -- I L Res., add 7% sales tax 
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SAMPLES 
150 

HERTZ 

(a) 

75 
HERTZ 

225 
HERTZ 

Ile, - ir 
(b) 

Figure 5. 

Figure 6. 

o 20k Hz 

our simple example, we used only 
three digits. If a greater number of 
digits were used, the problem in 
Figure 4 could be greatly reduced. 
The reason is that there would be 
many levels for 101 and 100. 
Therefore, the chance of the signal 
falling between two levels would 
be greatly reduced. 

Another way to reduce the error 
is to take a greater number of 
samples per second. That would 
eliminate the problem shown in 
Figure 3. 

This system developed by Philips 
(N.A.P.) uses a sampling rate of 
44.1kHz. In other words, 44,100 
samples are taken every second. 

Aliasing 
An important mathematical 

relationship exists between the 
number of samples that must be 
taken per second and the max- 
imum frequency that the system 
can reproduce. In simple terms, 
there must be at least two samples 
taken per cycle for the highest fre- 
quency that the audio system is 
designed to reproduce. All this was 
worked out in detail by a man 
named Shannon, but when you 
read about it in books you will find 
that another person who did a lot 
of work on this (his name is Ny- 

quist) is given most of the credit. 
If the sampling rate is 40,000 

samples per second the maximum 
frequency that could be repro- 
duced would be 20,000Hz. That 
would allow two samples for each 
cycle. Using a 44kHz sampling fre- 
quency should result in a max- 
imum audio frequency of about 
22kHz. However, the filtering 
system that is used in a typical 
system makes it necessary to 
reduce that by a slight amount. 
Nevertheless, it is safe to say that 
the system easily can reproduce a 
20kHz audio signal. 

What happens if you try to shove 
a signal through a higher frequen- 
cy so that there is less than one 
sample per cycle? The result is il- 

lustrated in Figure 5. 
Figure 5(a) shows a 150Hz signal 

that is being sampled at a rate of 
300Hz. Again, I am using lower 
frequencies and lower number of 
digits in order to simplify the 
discussion. 

In (b) of the same illustration the 
signal frequency has been in- 
creased to 225Hz. This is well over 
the 150Hz maximum. Samples still 
are taken at the same points. How- 
ever, the reproduced signal will 
now be only 75Hz. 

Note this very interesting point. 
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 o 

(a) Q 

o 
(b) 

Figure 7. 

20kHz 

If you subtract the 225Hz from the 
300Hz sampling rate, you get 
75Hz, which is the lower frequency 
that actually is reproduced. That is 
why this problem is sometimes 
called foldover. 

Once the 75Hz signal is gen- 
erated (because of the 225Hz fre- 
quency being sampled), there is no 
way to get it back out of the sys- 
tem. It will show up in the final 
audio as a 75Hz signal. That is a 
form of frequency distortion. 

Having explained the problem of 
foldover, let's take another exam- 
ple that is more realistic. Remem- 
bering that the sample rate is 
44.1Hz, what will happen if a 
35kHz audio signal finds its way 
through the system? The result 
will be a foldover (or, aliasing fre- 
quency) as follows: 

44.1-35=9.1kHz. 
That 9.1kHz will show up in the 
reproduced audio as an unde- 
sirable signal. 

So, you say, what is the chance 
that a 35kHz audio signal would be 
in the system anyway? Remember 
those square waves that were pro- 
duced by quantizing? They contain 
a fundamental frequency and a 
wide range of odd harmonic fre- 
quencies. One of those odd har- 
monic frequencies could easily be 

in the 35kHz range with a result- 
ing frequency distortion. 

This foldover effect is called 
aliasing because it produces a 
signal that is not part of the 
original signal. It is a signal that 
has taken on a new identity, or 
alias. 

Getting rid of the problems 
just discussed 

OK, so now we know what kinds 
of problems we are getting into 
with digital audio. How do we get 
around these problems? 

Obviously, the manufacturers 
are aware of them and have taken 
steps to make sure they are not a 
problem in a new digital audio 
system. In this issue, I am going to 
discuss only the method of 
eliminating aliasing. In the next 
issue, we will talk about how to get 
rid of the quantizing effect. 

Because of the nature of alias- 
ing, it is obvious that we must 
eliminate all frequencies above 
22kHz if the sampling rate is 
44kHz. In practice, we will design 
a filter that will start dropping off 
at 20kHz. In other words, we are 
going to use a low-pass filter. 

Figure 6 shows the ideal brick 
wall filter on a frequency domain 
display. Unfortunately, a filter 

C' E Cleveland Institute 
of Electronics 

Accredited Member National Home Study Council 

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

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

Cleveland Institute of Electronics CE 1776 East 17th St., Cleveland, Ohio 44114 
YES! I want to get started. Send me my CIE school 
catalog including details about the Associare Degree 
program. 

Print Name 
Address Apt - 
City State Zip 

Age Area Code/Phone No 
Check box for G.I. Bulletin on Educational Benefits 

Veteran Active Duty MAIL TODAY! 
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TUBES 
and IC's 
FAST DELIVERY 

LOWEST PRICES 
call Toll Free (800) 221-5802 

In-depth nventory Industrial & eceiving Tubes 

3-500Z....$95.00 813 $45.00 
572-B 75.00 
811-A 15.00 
6146-B 8 75 
8950 12.75 
4CX250-B 85.00 
SG613 10.50 

6LF6 8 26 

6JS6C 7 46 
6CA7 6 91 

6MJ6 8 38 
8417 8 38 
20LF6 8 26 

CHEMTRONICS CHEMICALS 

TUN -0 -WASH -24 oz. $2.42 

TUN -O -POWER $2.47 

TUNER-RENU-16 oz... $2.65..6 oz $1.35 
FREEZE IT $1.89 

Major Manufacturers Factory Boxed and Full line of 

Sylvania ECG Replacement Semiconductors 

RCII ( sum 
Minimum or.er. . .ill_ Allow 3 U charge 

TRANSLETERONIC 

Box E. 1365 39th Street. Brooklyn. NY 11218 

Tel. 718-633.2800/Watts Line 800-221-5802 

FAX # (718) 633-4375 
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V 

Figure 8. Figure 9. 

ANTI.ALIASING 
FILTER 

Figure 10. 

your 

e. 
SAMPLE 

AND 
HOLD 

V 

11111111111111111111111111111111111111111111111 with this type of response cannot 
be made at any reasonable cost. 

Figure 7 shows a simple passive 
RC filter with its characteristic 
curve. The circuit is shown in (a) 
and the frequency domain re- 
sponse curve is shown in Figure 
7(b). This is called a passive filter 
because it does not have any ampli- 
fication. More specifically, it does 
not have a source of voltage or 
amplification. 

Note that the response curve 
must be dropped off at a frequency 
below 20kHz in order to assure 
that no aliasing will occur. 
Engineers are fond of calling this 
"a filter of the first order." There is 
a complicated mathematical 
reason for that terminology but it 
boils down to this: It's the simplest 
one you can make for the number 
of components and the configura- 
tion shown. If you put two of these 
in series, you have a second order 
filter. A third order filter would re- 
quire three of these in seriee. 

A better passive filter character- 
istic is possible with more resistors 
and capacitors. However, the 
tendency is to use operational 
amplifiers in active circuit con- 
figurations for the required low- 
pass filter. 

Figure 8 shows an active low- 

pass filter of the first order. The 
amplifier serves as a buffer be- 
tween the input and output cir- 
cuitry, so it has an advantage over 
the one shown in Figure 7. How- 
ever, better results can be ob- 
tained with a filter of the second 
order shown in Figure 9. 

As with the passive filter you can 
get a higher order by connecting 
the filters in series. So, if two 
second -order filters are put in 
series you have a filter of the 
fourth order. Other combinations 
also are possible. It is not unusual 
to have a filter of the 12th order 
that is made by combining op -amp 
filters having a lower order. Each 
additional order produces a 
sharper cutoff and the frequency 
ideal of Figure 6. 

You will hear terms like 
Chebyshev filter, Gaussian filter, 
Butterworth filter and others. 
Each type has its own special 
rolloff characteristic. 

Figure 10 shows a block diagram 
of the part of the compact disc 
system that we have discussed so 
far. Note that the low-pass filter 
precedes the sample -and -hold cir- 
cuitry. Also, note that the low-pass 
filter in this system is called an 
anti-aliasing filter. 
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ANSWERS 
to the 
QUIZ 

By Sam Wilson 
Questions are on page 40 

1. A. The total voltage across 
Rl and R2 is 10V - 4V = 6V. 
Roughly one-third of that voltage 
is across Rl. 

V16( 22 )=2V 
22 + 39 

Approximately one-third of the 
total voltage must be added to the 
AGC voltage (the lower value) to 
determine the base voltage. That 
gives a base voltage of 4V + 2V = 
6V. Using the values given in 
Figure A the exact value would be: 

V1= 22 x 6 = 2.16+ 
22 + 39 

Voltage at base 
= AGC voltage + V1 
=4+2.16+=6.16+V 

The small amount of base current 
is disregarded in this type of 
calculation. 
2. D. The power supply for op - 
amps is seldom shown on sche- 
matics. In the circuit of Figure B, 
adjustment of R1 sets the bias on 
one of the two legs of the differen- 
tial amplifier at the input of the op - 
amp. This assures that conduction 
in the two legs is the same, and 
therefore, the offset voltage will 
be OV. 
3. B. Texas Instruments manu- 
factures these components. They 
are identified as TL430 and 
TL431. 
4. A. Really! Texas Instruments 
makes them. Examples are: 
TL011, TL012, TL014 and TL021 
for fixed input/output ratios. The. 
TL010 can be pin programmed for 
any of 33 ratios. One example of 

application is to keep the 
brightness of series -connected 
LEDs constant regardless of bow 
many are switched in and out. 
5. C. The mechanism for pro- 
ducing 1/f noise is not completely 
understood. A graph of this tran- 
sistor and tube noise intensity, for 
a range of frequencies, is shown in 
Figure E. The range of excess 
noise is marked. This type of noise 
is important in audio and medical 
electronic circuits. 
6. A. In the chop mode, the 
scope switches between the two 
channels at a fixed rate. In the 
alternate mode, one trace is shown 
and then the other is shown. Chop 
is a better way to see both low - 
frequency waveforms at the same 
time. 
7. A. The current required for 
full-scale deflection is determined 
by taking the reciprocal of the 
ohms -per -volt rating: 

1/50,000 = 20µA 
Because it takes less current to 
deflect the meter X pointer to full 
scale, it is more sensitive than 
meter Y. 
8. C. The symbol is for a self - 
sal ura.ting troï s/i,rnter. It is 
designed so that the core saturates 
on each half cycle of input power. 
That limits the peak voltage on the 
secondary. So, the output voltage 
is constant. 
9. B. The circuit samples the 
amplitude of the audio signal at a 
given sampling rate. The ampli- 
tude of the sampled audio signal is 
converted to a binary code. 
10. B. It is not possible to 
saturate air with magnetic flux 
lines. So, putting an air gap in the 
core prevents saturation. 

Attention! 
Electronics 
Technicians 

Can You Pass 
This Test? 

Do you have proven 
True False expertise in your field? 

Do you desire to share your 
True False knowledge with others? 

Do you want to 
True False supplement your income? 

If you answered true to these 

questions, write TAB BOOKS Inc. 

for your free Author Information Kit. 

Join the TAB writing team today! 

TAB BOOKS Inc., 
Dept. TR, PO Box 40, 
Blue Ridge Summit, 

PA 17214 
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TECHNICIANS 

* JOB OPENINGS 

* MONTHLY TECHNICAL 

TRAINING PROGRAM 
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TRAINING 

* LOW COST INSURANCE 

* CERTIFICATION 

* TECHNICAL SEMINARS 
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Audio Corner By Kirk Vistain.,r 

Calibrating test instruments 
If you've been in servicing long, you may have some good 

stories about getting burned with bad readings on a scope 
or multimeter. I know I do. That's why the seasoned 
troubleshooter checks basic calibration nearly every day. 

Accuracy and resolution 
Let's get some basic terminology straight. Accuracy 

describes how close a measurement is to the true value of a 
quantity. For example, an ohmmeter with an accuracy of 
± 0%, which is perfect, should measure exactly HI across a 
standard 1S2 resistor. 

Resolution refers to how small a difference can be 
detected between two quantities. A meter that can 
distinguish between 1.5V and 1.55V resolves better than 
one that can only discriminate between 1.5V and 1.6V. For 
example, a digital meter usually has good resolution, 
depending on the number of digits it displays. A 3 1/2 -digit 
unit, set to the 200mV range detects differences of as little 
as 100µV. An analog instrument would not be so precise, 
due to the uncertainty that exists between scale marks. 

When digital meters first appeared, there was a great 
deal of controversy and confusion among technicians. The 
new meters looked more accurate, because the readout 
was a precise number, so many felt they were superior to 
analog devices. Actually, accuracy has little to do with 
resolution or whether circuitry is digital or analog. 

To illustrate, assume we measure 1V with an instrument 
of each type. The analog meter is specified for an accuracy 
of ± 3% of full scale; the digital meter for ± 0.5% of 
reading + 1 digit. Set the analog meter for 1V full scale, 
and the digital for 2V. The reading from the analog device 
will have an accuracy of 3%. 

Assuming 3 1/2 -digit display, the other meter will be ac- 
curate to 0.5% + 0.1% (the value of the last digit), for a 
total of 0.6%. Now reset the scale to 200V. Leave the 
analog meter alone. Our new accuracy figure is 0.5% 
+ 10%, for a total of 10.5%. (The last digit has a value of 
0.1V, which is 10% of the reading.) 

Of course, if we measured 1V on the 100V range of an 
analog meter, we would have poor accuracy, but we'd get a 
clue from the fact that a D'Arsonval meter is difficult to 
read when the needle is down at the lower end of the scale. 
A digital meter, on the other hand, always looks precise. 

The lesson to learn is that the accuracy of a measure- 
ment depends more upon setting the meter to the correct 
range than whether the device is analog or digital. 

Calibration standards 
Calibration standards can be divided into two types: 

reference and working. Reference standards are generally 
calibrated against a transfer standard, such as WWV for 
frequency. You use reference standards only for calibrat- 
ing working standards, never for direct measurement. 
Maybe you can mount them in a special case, on a bench 
used only for calibration. Working standards may not be 
separate components, but rather parts within test gear. 

We deal mainly with five quantities in electronics: 
voltage, frequency, resistance, capacitance and induc- 
tance. Fortunately, inexpensive standards are available 
for the first three. 

For voltage, a set of zinc -carbon (not alkaline, Ni -Cd, or 
other) D cells, wired in series, generates precisely 3.10V. 
Use them only to calibrate a VTVM or high impedance 

multimeter. Then store the cells, preferably in a refriger- 
ator, where they won't be used for any other purpose. The 
multimeter is now your working standard. 

Acquiring a resistance standard is as simple as buying a 
precision resistor or two with the tightest tolerance you 
can afford, in the range of 0.1% or better. Get several and 
check them against one another. 

Frequency standards are abundant. U.S. power line fre- 
quency, averaged over a long period of time is as accurate 
as WWV, or one ppm, but short term is not nearly that 
tight, maybe only one ppk. Chroma burst, broadcast by 
live network shows, is locked to an atomic clock ap- 
proaching the accuracy of WWV, but with today's "video 
jungle IC" technology, getting at the signal may be tricky. 
That leaves our old standby, WWV, at 5, 10, and 15MHz. 

Because many counters use a square wave timebase that 
is a multiple of 1MHz, calibrating them is a simple matter 
of zero -beating a harmonic of the internal oscillator fre- 
quency against WWV, usually at 10MHz. As a rule, all you 
need to do is set the counter on top of a communications 
receiver, tune it to WWV, and adjust the counter's oscilla- 
tor while listening for the beat from the receiver's speaker. 
If this doesn't provide adequate signal, open the counter 
and lay a wire across the oscillator circuit. You want the 
loosest coupling possible, so as not to affect the frequency. 
Clip the other end to the receiver's antenna terminals. 

Precision capacitors are not as easy to find as resistors. 
All the same, it is possible to get hold of 1% micas, or 
polystyrene types. I prefer micas because they seem to be 
more reliable. I suppose that, assuming random tolerance 
variations, and neglecting stray capacitance, if you 
paralleled a sufficient number (N) of caps with the same 
rating, you'd end up with an aggregate value very close to 
(Nominal) x (N), because the errors would cancel. 
Something similar might work with inductors. I've not 
heard of anyone doing this, but it might be worth trying. 

For inductance, we usually must rely on indirect 
methods to get a standard. For example, using a 
calibrated capacitor and frequency generator, one should 
be able to calculate the exact value of a coil. 

When and where 
It's difficult to say how often calibration is necessary, 

but every shop should have the means to test suspected 
equipment. Many inexpensive service -grade counters need 
checking nearly every day, but multimeters, on the other 
hand, are quite stable unless abused. 

Scope probes take a beating. I calibrate mine before 
every session (well, almost) and often discover that the 
compensation has drifted from last time. Most scopes have 
a handy calibration signal that is fairly accurate as to 
amplitude and frequency. It's surprising how many times a 
person forgets to reset amplitude and timebase controls to 
the CAL position after uncalibrating them in an attempt to 
lock some complex waveform. 

A large shop could afford to have a separate calibration 
bench. It needn't be anything fancy, just a little clear 
space, and a collection of standards, mounted in such a 
way that they can't be scavenged for a repair by an 
overzealous tech. 

Calibration often is taken for granted, but shouldn't be. 
Many a "dog" repair has been the result of putting faith in 

an inaccurate measurement. 
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Digital meters appear to be more accurate because they read out in exact numbers. Actually, accuracy has little to do with 
resolution or whether the circuitry is digital or analog. (Photos courtesy Beckman Industrial) 
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Specialized soft- 
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Factory contacts for service literature and parts. 

LI Involvement in a stable and productive national 
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FOR MORE INFORMATION SEND BUSINESS CARD TO: 
NESDA COMPUTER GROUP, 2708 WEST BERRY STREET 
FORT WORTH, TEXAS 76109; PHONE (817) 921-9061 

MAKE ANY TELEVISION 
OUTPUT STEREO SOUND!! 

Increase your profit margins by selling 
and installing this unique device. 

TELEVOn ICM 
TV STEREO SYNTHESIZER 

Model 2001 

70, 
Model SS -2001: The TELEVONICTM implant unit, installed directly into any 
Television, creates synthesized stereo output from any channel. When con- 
nected with a stereo amplifier or receiver, it will provide a sound system 
found only in expensive stereo Televisions, at a fraction of the cost. 

Works on any TV Easy to install 100% Solid State Microchip tech- 
nology Superior Sound quality 1 year warranty. 

REQUIRES QUALIFIED TECHNICAL INSTALLATION. 

DISTRIBUTOR INQUIRIES WELCOMED. 

For Information Contact: Mr. Ernest C. Hassell Director of Marketing 
Spectrum 2000, Inc. 4854 Sterling Drive Boulder, CO 80301 

1-800-922-6333 

TELEVONIC is a trademark of Spectrum 2000, Inc. 
Manufactured in the U.S.A. by Spectrum 2000, Inc. 
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Computer Corner By Conrad Persson 

Understanding computer standards 
One of the most nettlesome things about computers is 

the matter of interfaces among the various components in 
the system as well as from one computer to another across 
the room or across the world. It's difficult enough for 
someone just getting started in computers to understand 
the operations within the computer well enough to attempt 
servicing them, but when you begin to study the intricacies 
of interfacing, it really gets confusing. That's a natural 
state of affairs in a world as complex as computers, but the 
complexity shouldn't be confused with difficulty of under- 
standing. Examined from the proper perspective, the 
business of computer interfacing becomes quite under- 
standable. Not simple - understandable. 

Here's one of my favorite analogies. Take a look at a 
road atlas of the United States. Sure looks complex, 
doesn't it. It is. How many possible ways are there to get 
from New York to California? If you count every possible 
little 2 -lane road and city street as well as highways and in- 
terstates, the number of ways to get between any two 
points that are far apart are astronomical. Every time you 
have a lot of choices you have complexity. But I'll bet you 
can cut right through all that complexity and find a route 
that won't take too long to set up. It's a little bit that way 
with computers. You don't have to evaluate all the choices 
every time you want to use or service one. But you do have 
to have some knowledge of what kinds of roads there are 
to travel and where they lead. 

Serial and parallel transmission 
One of the first things you learn when you begin working 

with modern computers is that they handle information in 
bytes. That is, each character: letter, number, punctuation 
mark, as well as special characters such as LINE FEED 
(makes the printer's platen move the paper up one line so it 
can print the next line below the last) and CARRIAGE 
RETURN (returns the carriage or print head so that the 
next line starts printing over at the left hand side of the 
page), is represented in the world of the computer by eight 
bits of information. Each of these eight bits is usually 
signified by a voltage that is either high or low. 

Let's say for a moment that we're talking about informa- 
tion in a computer used as a word processor. In that case, 
we're talking about text. The information is not much use 
in the computer. It has to be transmitted somewhere: to a 
printer to be printed out, to a disk to be stored more per- 
manently or perhaps to another computer, or any com- 
bination of these. 

Here's where the standards come in. In order to 
transmit and receive data, several things have to happen. 
The sending device has to let the receiving device know 
that it's ready to send. The receiving device has to 
acknowledge that it's ready to receive data. When the data 
is being sent and received, some scheme has to be available 
to check that the data received by the receiving device 
was, in fact, the data that was sent: Bits sometimes get 
lost. If the equipment of one manufacturer is to com- 
municate with the equipment of other manufacturers 
(which is not always the case, by any means) it must be 
manufactured in such a manner that it may do so. 

Complicating this already knotty situation is the fact 
that there are two distinctly different kinds of transmis- 
sion: serial and parallel. 

When your computer is communicating with its printer 
or disk drive, or if you're communicating with another 

computer within the same building, you can communicate 
over standard data cables using the varying do levels that 
make up a data signal. In this case, you might as well 
transmit all of the bits that make up a byte of data at once 
over a multiconductor cable - one conductor for each data 
bit of a byte. You'll also need a few conductors to exchange 
the ready-to-transmit/ready-to-receive, etc. signals I men- 
tioned a little while ago. 

If, on the other hand, you want your computer to com- 
municate with another computer, or data terminal, or 
other data device in the next building or across the coun- 
try, you have to modulate the signal: turn the do levels into 
an ac signal. The do signals would attenuate to nothing in a 
very short distance. And, because putting up poles and 
stringing your own multiconductor cables would become 
prohibitively expensive, it makes sense to use lines that 
already exist at moderate cost: those belonging to the 
telephone company. In this case, because most telephone 
systems consist of one line at a time, it makes sense to 
transmit data one bit after the other and assemble them in- 
to bytes at the receiving end. This is known as serial 
transmission. 

RS -232 and all that 
Both serial and parallel transmission schemes have 

given rise to standards for data transmission. One of the 
most often mentioned of these is the one called RS -232, in- 
voked for serial transmission. To most people, those let- 
ters and numbers are just more mysterious jargon. Let's 
try to make a little sense of it. 

The letters RS mean nothing more than Recommended 
Standard. That's the terminology of the Electronic In- 
dustries Association, the group that devised this standard. 
"Recommended" presumably means that the EIA recom- 
mends that its member electronic manufacturing com- 
panies follow it in designing interfaces for their computer 
equipment. The 232 part presumably means that it comes 
after RS -231 and before RS -233. There, that explains it in 
a nutshell. 

Actually, RS -232 is called "Interface Between Data Ter- 
minal Equipment and Data Communication Equipment 
Employing Serial Binary Data Interchange." By the time 
this issue of ES&T is published, a new version, D, should 
be available from EIA should you wish to part with the $20 
or so needed to buy a copy. Another standard, CCITT 
V.24, an international standard recommended by the Con- 
sultive Committee International Telegraph and Telephone 
(a United Nations group that recommends international 
standards) is equivalent to RS -232. 

RS -232 covers four areas: 
1. the mechanical characteristics of the interface; 
2. the electrical signals that cross the interface; 
3. the function of each signal; 
4. subsets of signals for certain applications. 

The basis of the standard 
The article "Testing serial communication with a break- 

out box" in this issue describes some of the aspects of this 
standard, so I won't duplicate them here. Rather, here's a 
brief explanation of the reasons for the standard and some 
of its peculiarities. 

RS -232 applies to a so-called Universal 7 -Part Data Cir- 
cuit (see Figure 1) consisting of: 
1. the data terminal equipment (DTE) at point A; 
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2. the interface between the data terminal equipment and 
the data communication equipment (DCE - this is a 
modem) at point A; 

3. the DCE at point A; 
4. the communication channel between point A and point B; 
5. the DEC at point B; 
6. the interface between the DCE and the DTE at point B; 
7. the DTE at point B. 

More later 
That's all there's room for at the moment, but we'll talk 

more about standards in future issues of ES&T. Between 

this Computer Corner and the break-out box article, the 
idea of RS -232 has been pretty thoroughly explored. 

Oh, by the way, some of the problems described in the 
BOB article arise because RS -232 is applied where it 
wasn't originally intended to be applied. Remember the 
problem of having to cross pins 2 and 3. That's because 
when you use RS -232 to interconnect a computer with a 
printer, you're interfacing two pieces of DTE. RS -232 is 
designed to connect a piece of DTE with DCE. 

Of course it works anyway, but you have to be careful 
about pin assignments. 

POINT A POINT B 

I 1 I 

TELEPHONE 
DTE 

MODEM 
(DCE) 

MODEM 
(DCE) 

DTE 

LINE 

RS -232 
APPLIES AT 

THESE INTERFACES 

Figure 1. IRS -232 was designed to describe the interface between the data terminal equipment and the data communications 
equipment in a serial data communication system. 
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Managerial and technical training. 
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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 76109; Ph (817) 921-9061 
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Video Corner By Conrad Persson -wv 

Diagnostic procedures for system 
and servo control circuits 

General Electric company has developed RECOM- 
MENDED DIAGNOSTIC PROCEDURES FOR VCRs as 
part of its servicing literature. GE graciously has con- 
sented to allow ES&T to publish this information as a ser- 
vice to readers. This installment of Video Corner will con- 
sist of an adaptation of the first part of this document. The 
second half will be published in Video Corner in a future 
issue of ES&T. 

System and servo control failures account for more than 
half of all service performed on VCRs. A great deal of time 
is needlessly spent in determining the defective stage and 
component(s). All of this coupled with demands for quick 
service builds pressures on the technician, causing loss of 
"good old logical thinking." 

The purpose of this guide is to reinforce some basic 
theory, perhaps forgotten, and to suggest some logical 
steps in troubleshooting and diagnostic procedures. How 
these circuits process information may differ from model 
to model. The results however, are the same. 

The thought process of linking inputs to outputs should 
be used when logically thinking of where to start. Let's 
briefly discuss the I's (inputs) and the 0's (outputs). 

The inputs to a device, whether a transistor or micro- 
processor, are designed to make something happen, usual- 
ly to an output. Although this is not always the case, let's 
assume it is for this analysis. Assume that you suspect a 
transistor whose function is to turn something on and off 
(this transistor is basically an electronic switch). You push 
the Play button and nothing happens. You note that the 
Loading Motor requires 12Vdc. You also note that the 
12Vdc is present in the circuitry. You measure the collec- 

tor of the transistor and note the 12Vdc is present. 
Pushing the play button causes no change. Where would 
you go from here? 

SUGGESTIONS: 
1. Monitor the base of the transistor when the button is 

pushed and look for a change to occur. (Remember that for 
a transistor to turn on, it must be forward biased. For an 
NPN, the base must be positive relative to the emitter and 
for a PNP, the emitter must be more positive relative to 
the base). A difference of approximately 0.6V between the 
emitter and base should be considered normal for a silicon 
transistor; 0.3V for a germanium transistor. 

2. If a change does occur at the base, but none at the col- 
lector, check the transistor. If no change occurs, work 
back to the preceding stage. 

3. Assuming the transistor is good, you may want to 
verify the following stage and/or stages by changing the 
input to transistor (base), by forcing a change of state 
(base to ground through a low -value resistor, or by apply- 
ing an external voltage to the base and monitoring the out- 
put (collector or emitter). 

This procedure is similar to signal injection. In this case 
by forcing a change of state, you cause the device to re- 
spond. This allows you to eliminate much of the circuitry 
and should lead you to more clearly defined thinking. 
Leaping before looking, or not thinking logically, are ma- 
jor contributors to incorrect diagnosis. Perfectly good µP's 
can and have been destroyed by needless desoldering. 
Always check the discrete components first. Not doing so 
can be costly, time consuming and result in possible PC 
board and component damage. 
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The following are diagnostic hints in troubleshooting the 
VCR system control circuit. Actual circuitry may differ 
from model to model, but using the troubleshooting proc- 
ess to logically eliminate circuit components will apply to 
all units. 

Assume that the power supply and mechanical functions 
are all operating normally. 

SYMPTOM: 
1. Nothing happens when play button is pushed. 
2. Cylinder motor starts then stops. (Some models) 
SUGGESTED DIAGNOSTIC PROCEDURE: 
1. Check block diagram to determine the proper signal 

path. (See Figure 1.) 
2. Locate pins 2 and 3 on the system control IC (IC6002) 

"Loading Motor Forward": "Loading Motor Reverse" (con- 
trol lines). 

3. Check the flow paths on the output ports. In this 
case, they arrive on pins 4 and 6 of IC6001. These are in- 
put ports that turn electronic switches within the IC on 
and off. First confirm the Vcc voltage on pins 2 and 8 of 
IC6001. Next, look for a change to occur on pins 3 through 
7 of IC6001 when the play button is pushed. You deter- 
mine that for the motor to load the tape, pin 7 must be 
High and pin 3 Low. The reverse is true for unloading. If 

New Precision Duster 
Ultra -Filtered To <0.2 Microns 

ULTRAJET... a new generation high -purity duster with 
powerful jet action. A compact, portable tool for safe, 
non-abrasive cleaning of sensitive video heads and 
tape transport mechanisms, perfect for freeing oxide 
build-up and dust. Also useful for general purpose 
cleaning of all electronic equipment, optics, camera 
lenses and photographic film. Ultrajet system comes 
complete with surgical -grade chrome trigger valve, 12 
oz. refill can and 36 -inch extension hose. Refills avail- 
able in 12 oz. and economical 20 oz. sizes. Send for 
more information today. 

Chemtronics `` 681 Old Wlllets Path 
Haupauge, NY 11788 
800-645-5244 
In NY 516-582-3322 

no change occurs, you recheck pins 4 and 6 while pushing 
the Play button, remembering that the output of IC6002 
will control the loading motor. To load, pin 6 will be High 
and pin 4 Low. If you confirm the proper change on these 
pins but none on pins 3 and 7, then the probability is that 
IC6001 is defective. In most cases, operation of the unit 
can be accomplished by applying 12Vdc from an external 
power supply to pin 2 of Plug P6009. The tape should load 
and the VCR should enter the Play mode. (Remember to 
remove the 12Vdc-otherwise the loading motor will con- 
tinue to run.) 

Now, let's assume there was no change at pins 4 and 6 of 
IC6001. Using an external do supply, apply 5Vdc to pin 6 
of IC6001. If the tape loads, you've determined that 
IC6001 is working properly. Work back on this line toward 
the µP, checking the associated component(s) for defects. 
If none appear, you might suspect the µP. However, before 
condemning it, a few more checks should be made. Are 
there scan pulses on pins 47, 48 and 49? Data IN on pins 
29, 30 and 31? Is the Mode Select switch functioning pro- 
perly? Is Q6010 acting as an "electronic switch"? Is there 
an open diode (D6015, 6016, 6017)? Ask yourself these 
questions before you condemn and possibly destroy a 
perfectly good µP. ESVIvU 

HIGH VOLTAGE TRIPLERS/MULTIPLIERS 
REPLACEMENT FOR 

ECG®/GE®/SK° 
500íV GE527 & SK3304 .... 8.75 6.95 
523/0E528 & SK3306 8.85 7.20 
526A/90306 8.85 7.20 
528/sK3906 10.70 8.70 
529/08529 & SK3307 9.99 3 MIN. 7.95 100 MIN. 

OUTPUT TRANSISTORS 
165/s13115 & 0E38... 2.25 1.95 EIPP 1.75 
238/0E37 & SK3710... 2.25 1.95 1.75 
283/5K3467 2 75 2.35 1.80 
25131341P 2 25 1.95 1.75 
2SC1172B 2 25 5 MIN. 1.95 50 MIN. 1.55 100 MIN 

AUDIO POWER 
10 50 100 10 50 100 10 50 100 

TYPE min min min TYPE min min min TYPE min min min 
152/SK3893 .30.25.21 196/90054 .49.44.39 291/93440 .49.44.39 
153/SK3274 .30.25.21 197/51(3083 .59.54.49 292/SK3441 .49.45.40 

RECTIFIER DIODES 
125 1000V/2.5A 
156 l000v/5a 
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SAVINGS $$ 
TYPE 10 min 50 min 100 min 

102A .35 .32 .29 171 .49 .44 .38 
123A .18 .16 .14 184 .38 .33 .28 
123AP ... .13 .11 .09 185 .38 .33 .28 
128 .38 .35 .29 198 .60 .54 .49 
129 .38 .35 .29 199 .18 .15 .12 
130 .59 .55 .49 234 .19 .16 .13 
159 .16 .13 .11 375 .44 .42 .39 
162 2.25 1.95 1.49 712 .75 .69 .60 
163A 2.35 1.99 1.55 

FOR A COMPLETE LIST CALL OR WRITE Ortlers Welcome (Min. Order $25) 
DIGITRON ELECTRONICS 

110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY 07081 
roll Free 1-800-526-4928 In NJ 201-379-9016 Telex 138441 

PRICES SUBJECTTO CHANGE WITHOUT NOTICE. OFFER GOOD WHILE SUPPLY LASTS. 

ECG Is a Trade Mark of Philips ECG, Dlgltron Ele. not associated with Philips ECG. 
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Readers' Exchange 

Wanted 
Operator's & service manuals to be donated to prison vocational electronic 
school for RCA WR 64A dot bar color generator; Sprague model TO -6 Tel- 
Omike capacitor analyzer; EICO model 628 tube tester; Accurate Instru- 
ment model 257 tube tester; Lectro Tech model V7 transistor tester. Wm. 
Mahon, Box 100, Vienna, IL 62995. 

Schematic and service information for Shibaden video monitor model 
VM111C, and Shibaden TV camera model HV -13. Wayne Smith, CET/ 
WA4WZP, 224 St. John St., Arden, NC 28704. 

Schematic, arm (part No. KXA-102-0) and dust cover for Pioneer turn- 
table, model PL -61; schematic for Hammerlund HQ -140X general coverage 
receiver. Will pay for copies and your postage. David Garrett, 117 S. Mont 
Valla Ave., Hagerstown, MD 21740; 301-791-6177. 

Service or operation manual for Jerrold No. 747 signal level meter; flyback 
for Tatung model 13CE3. Bill, 516-825-5895. 

Original or copied service/operating manuals for Singer tele signal ac 

voltmeter, model 303-09, and for Norelco video camera type 89006671C, 
manufactured by Philips (may be same as, or similar to, LDK-15 or PC70). 
Also need drive/control unit and viewfinder, working or not. Bill 
Stegmiller, P.O. Box 2025, Butler, PA 16003; 412.285-1338. 

Sencore VA48 in good working condition, complete with accessories and 
manual, please quote price. Also want the back issues of ES&T from 
December 1983 to May 1984. T.A. Naeem, P.O. Box 959, Deep River, On- 
tario, Canada, KOJ 1P0; 613-584-3022. 

N.R.I. computer, microprocessor course, with or without the Sanyo or ? 

computer. Also N.R.I. TV, video servicing course. Must be reasonable. J. 
Wegner Jr., P.O. Box 262, Glendale, CA 91209. 

For VCR servicing-tape tension gauge, tools, jigs, etc.; Sams TSM 141 

manual; Panasonic picture tube No. A26JAS31X. Ed Herbert, 410 N. Third 
St., Minersville, PA 17954. 

Schematic diagram or manual for a Conar Instruments oscilloscope, model 
255. Will buy or copy and return. Andy Horeczko, 1600 W. 22nd St., San 
Pedro, CA 90732. 

Service information, Heathkit-frequency counter No. iB1103, function 
generator No. IG1271, digital capacitance meter No. 1T2250; B&K regu- 
lated do supply No. 1601; Radio Shack digital meter No. 22-198. Please 
state cost or use fee. Mike Adams, N4EVS. 6333 Hiway 2321, Deer Point. 
Panama City, FL 32404. 

For college electronics course, Heathkit design experimenter No. ET -3100 
or similar. Please give description and state price. Sylvia Ann Free, 7906 
Shorebluff Court, Tampa, FL 33637. 

Manual Nos. 1 to 7, 9 to 18, 58, 59, 60, 61, 63, 64, 66, 78, 80 to 82, 84 to 89, 
130 to 136, 222 to 226, 229, 239, 246, 260, 261, 272 and up. Jerry's Radio 
Service, 409 S. Oklahoma, Shamrock. 77f 79079. 

Instruction manual for Jackson tube tester, model 658-1. Will purchase, or 
copy and return. Ken. Miller, 10027 Calvin St., Pittsburgh., PA 15235. 

Sencore VA48; B&K 467 picture tube restorer. Must be priced right and in 
good condition. Paul Crouch, 1823 Queen Palm. Drive, Edgewater, FL 
32032. 

Picture tubes-Sony 520HB22 (20" color), Sony CT -507 (11" B&W), 
Panasonic 310GUB4 (12" B&W). Good used, rebuilt or new. D.G. Pace, 12 
Joyce Road, Plainview, L.I., NY 11803; 506-935-8096. 

For Sale: 
B&K No. 415 sweep marker/generator with cables and manual, $125. Bill, 
516-825-5895. 

Sencore LC53 Z -meter, new condition, $600. E.R. Beard, Route 1, Box 366, 

Bruceton Mills, WV 26525. 

Sams manuals-AR4, 8, 9, 10, 12, 19, 21, 23, 25, 28, 35 and 45; TSM 1 

through 11, 13, 27, 30, 35, 42, 48, 49, 50, 52 through 62; MHF 177. Some 

covers shopworn, all usable, $1.50 each, plus postage, or will give any 
three for a copy of CB207. Donald H. Nash, 1444 Pulaski St., Port 
Charlotte, FL 33952. 

B&K color -bar generator, model 1248, excellent condition. Original cost 
$285; asking $160. Mike's Repair Service, M. Danish, P.O. Box 217, Aber- 
deen Proving Ground, MD 21005; 301-272-4984, evenings. 

Sencore SC61, with HV probe, 2kV probe and direct probe, $2,345; Sen - 
core VA62 with all leads, $1,695.17; B&K TR110 ISO transformer, $50; 
Telematic UHF/VHF tuner sub with DOT and crosshatch generator, $60; 
Leader LEM 73A multimeter, $40; Bell & Howell MM2000 microfiche sys- 
tem, $200. John Toth, 2786 71st St. Court West, Bradenton, FL 33529; 
813-795-2786. 

Radiometer SMG lc FM stereo generator; Tektronix 485 (350MHz) and 
T922 (15MHz) scopes; B&K 1 248 color generator; Hewlett-Packard 331A 
solid-state distortion analyzer; 3M Mincom 8155A solid-state flutter meter. 
Everything in Al condition. R.R. Zimmerman, CET, Route 3, Franksville, 
WI 53126; 414-835-4000, days. 

Sams Photofact folders, more than 1,000, $250 plus shipping for all. A.F. 
Barry, Route 3, Box 82, Viola, AR 72583; 501-458-2517. 

Sams Photofact folders No. 500 to 2263 plus 50 prior to No. 500, plus 60 
assorted AR, TSM, $1,200 for all plus shipping; B&K 1077 TV analyst, 
$125; B&K 1076 TV analyst, $75; RCA test jig No. 10516 with many 
adapters, $1,000; Sencore VA48, used three hours, $600; Sencore stereo 
analyzer, used three hours, $600; many GE modules at half -cost. Joseph 
Gomhosi, 109 E. 9th St., Lockport, iL 60441. 

Quasar parts and manuals; test equipment; factory literature; TRS-80 
model I computer; Sams Photofacts and other, similar material. Every- 
thing priced to sell, send s.a.s.e. for items of interest or complete list. 
Ireland's TV, 2416 Shamrock Lane, Millville, NJ 08332; 609-825-4703. 

Hewlett-Packard 2401B integrating digital voltmeter, laboratory do stan- 
dard is ±0.01% accuracy, measures frequency to 300kHz, with manual, 
$500; Diehl Mark III scanner, with warranty and manual, $395; Hewlett- 
Packard 202A low -frequency function generator, with- manual $60. Fred 
Jones, 407 Morningbird Court, Niceville, FL 32578; 904-678-1803. 

Or will trade Sams Photofact AR manuals- 19, 20, 22 to 25, 28, 30, 32, 33, 
35 to 37, 39, 41, 48, 49, 52, 97 to 100, 102, 103, 104, 115, 122, 155 and 228. 
Jerry's Radio Service, 409 S. Oklahoma, Shamrock, TX 79079. 

Or will trade Panasonic and Quasar service manuals-more than 1,200 
manuals for most Panasonic products through 1985, $350 plus shipping 
(list price just for binders is $200+). Consider trade for recent VHS VCR, 
or as payment on camcorder. Cyril G. Brennan, 661 Horseshoe Curve, Pike 
Road, AL 36064; 205-277-0139. 

Sencore model CGI41 color generator, $40; Sencore model TF166 tran- 
sistor, FET tester, $60, both include manuals and leads; Heathkit model 
IP -17 power supply with manual, $100. No reasonable offers refused. 
Dennis Dillon, 1616 S. 94th St., West Allis, WI 53214; 414-774-2255. 

B&K tube tester, model 707 Dyna-Jet, like -new condition, $95; Solavolt ad- 
justable bench power supply, 5V to 35V at 7A, metered, $75. L.F. Car - 
bough, 105-A S. Baltimore St., Franklintown, PA 17323; 717-432-2993. 

Sorenson MVA 2,000W voltage stabilizer, 9V to 130V input, 117V out (or 
190V to 260V input, 234V out), like new, $475 FOB. R.A. Brown, Route 2, 

Box 208B, Platte City, MO; 816-431-5971. 

EICO multisignal tracer, model 145, $45; Precision tube tester, $100; An- 
chor, chex, picture -tube converter/tester, $10. Shipping extra. Complete 
stock test equipment, new and used tubes. Send $1 and s.a.s.e. for lists and 
prices. Ed Barlow, Box 29, Tweed, Ontario. Canada KOK 3J0. 

Sencore TC162 tube tester, $75. Have, or will locate, old rare tubes, send 
list for quote. Ted Youngman, 2225 Vigo St., Lake Station, IN 46405. 

B&K 2901 resistor/capacitor substitution pack, mint condition, $15; EICO 
320 signal generator with manuals, $20; Sencore GC10 color generator 
(has been converted for ac operation), works perfectly, $30; 400 new TV 
tubes, all boxed in RCA caddy, $200; RCA 10J103 test jig with some Zenith 
and RCA adapters, $50; 50 assorted ECG, SK, HEP semiconductors, all in 
packages, $25; two Delta Mark X automobile capacitor discharge ignition 
systems, one works, one does not, with manuals and schematics, both for 
$10; United Transformer ac voltage adjuster with built-in meter, 60V to 
140V, 300W, $50; Beckman TP254 temperature probe, works with 
Beckman 360 multimeter, new in box, with instructions, original cost $49, 
asking $20. Paul's TV, 260 Main Cross, Charlestown, IN 47111, 
812-256-3119. 

Picture tubes, all kinds, $20 to $60; flybacks, triples and yokes, $10 to $35. 
All guaranteed. G. Barzily, All Electronics; 718-847-7965. 

Motorola HT220, UHF, two channel, PL, 4W with remote speaker mike 
antenna, works and looks great, $125; Heim Bell 222 RC helicopter, 
mechanics -built, with new FSR OS MAX 61, set of epoxy blades included, 
all $475; Sanwa 7 -channel FM single -stick RC system with six servos and 
Kraft gyro, never used but checked out, $275. Gary Bernard, P.O. Box 

5523, Merritt Island, FL 32954. 
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You Can Be 

One Of The 

20,000 Technicians 

Certified BY 1SCET 

ISCET 
CERT1flED 

The International Society Of Certified 
Electronics Technicians offers permanent 
certification by administering the CET 
exam with the FCC recognized communi- 
cations option for $20. A second exam 
on FCC regulations for a $10 fee is re- 
quired for a Radiotelephone License. 
Upon passing, technicians receive both a 

permanent Radiotelephone Operator Cer- 
tificate and a CET Certificate issued by 
ISCET. 

ISCET Offers License Renewal 

ISCET has developed a program for regis 
tration of those who currently hold a 

valid Radiotelephone Operator License. 
By sending a completed application, a 

photocopy of your FCC License, and $10 
your license will be renewed with the 
assurance of a recognized national tech- 
nicians association behind it. 

For More Information Contact: 

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

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

Each initial or abbreviation counts a full word. 

Minimum classified charge is $20.00. 

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

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

FOR SALE 
AUTOMOBILE RADIO and tape replacement parts. 
Delco, Chrysler, Philco-Ford, Motorola, Panasonic and 
many others. Large inventory. Laran Electronics, Inc., 
3768 Boston Road, Bronx, NY 10469. (212) 881-9600. 
National (800) 223-8314, NY State (800) 446-4430. 

1.85 -tin 
CABLE TV CONVERTERS & EQUIPMENT. Plans and 
parts. Build or buy. Send S.A.S.E. C&D Electronics, 
P.O. Box 1402, Dept. ES&T, Hope, Arkansas 71801. 

1-86-tf n 

SONY-TRINITRON REBUILTS are now available. Call 
for price & delivery, 1-716-621-5250. 7-86-tfn 

INDIVIDUAL PHOTOFACT FOLDERS (not sets) #1 to 
#1400, $3.00 first-class postpaid. Loeb, 414 Chestnut 
Lane, East Meadow, NY 11554. 8-86.61 

Technicians - 

Our world of Home Electronics... 
your new home for growth. 

If you're looking for a growth opportunity with a company that has expanded 
from 12 employees to over 400 in just five years, NEC Home Electronics 
( U.S.A.) Inc. may be just for you. 

Due to our tremendous expansion, we are seeking Technicians to work in 
various locations throughout the nation. If you have a 2 year technical degree or 
equivalent experience and are well versed in any of the following areas, we'd like 
to talk with you. 

Audio Products Camcorders 
Projection TVs PC Products 
VCRs & Peripherals 

We offer competitive salaries, an excellent benefits package including 
educational assistance and the outstanding opportunity to advance rapidly. 

For immediate consideration, please call 1-800-323-1728, weekdays during 
business hours, or send resume, including salary history, to: Personnel 
Dept. EST, NEC Home Electronics (U.S.A.) Inc., 1255 Michael Drive, Wood 
Dale, IL 60191-1094. We are an Equal Opportunity Employer. 

where our performance 
matches our promise 

NEC 
NEC Home Electronics (U.S.A.) Inc. 

FOR SALE: Descramble the latest video cassette copy 
protection scheme. Our simple LINE ZAPPER circuit 

takes the litter out of your picture. Complete plans 
and theory only $9.95 plus $1.50 postage and han- 
dling. Printed circuit board or complete kit also avail- 
able. Elephant Electronics Inc., Box 41865-E, Phoenix, 
AZ 85080 (602) 581.1973. 10.86-1fn 

FORSALE:Jerrold gated pulse theory. Twelve informa- 
tion packed pages covering DI & DIC converter opera 
Lion. Includes introduction to trimode system. $6.95 
plus $1.50 postage and handling. Elephant Electronics 
Inc., Box 41865-E, Phoenix, AZ 85080 (602) 581-1973. 

10.86-tfn 

SERVICE MANUALS. Large Shop has 18 yr. collection 
of duplicates. All original manufacturer. All new. 
Audio $2.00, video $5.00. Send SASE for list. Tape 
Recorder Clinic; 4850 E. Speedway; Tucson, Arizona 
85712. 11-86-tfn 

TV TROUBLESHOOTING: Over 120 schematic IL- 
LUSTRATED problems -solutions of difficult repairs. 
25 pages off valuable tech data. $12.00. Jones, Box 
702, Niceville, Fla. 32578. 12.86-31 

VCR REPAIR SOLUTIONS for VHS models. Over 150 
symptoms and cures. The hard ones. Send $11.95 to 
Eagle Electronics, 2534 Miracle Lane, Mishawaka, IN 
46545. 12.86-6t 

ATTENTION: Sylvania remote control motor for 
hospital televisions no. 23-99.383 for sale. With ex- 
change $39.00, without exchange $47.00. Kinirral Elec- 
tronics, 68-26 64th Place, Glendale, N.Y. 11385. Tel. 
(718) 366-3859. 1-87-4t 

TV TOUGH DOGS 200 symptoms and cures. Send 
$6.95 to DAVIS TV, 11772 Old Fashion Way, Garden 
Grove, CA 92640. 1-87.31 

HUNTRON TRACKER, Model 2000. Like new in box. 
Still under warranty. Cost 1895.00, asking 1695.00 
or best reasonable offer. Ted Martino (503) 
689-9085. 2-87-11 

GRAB BAGS in 2 categories. All new, no pulls. 
Modules/Tuners may be rebuilt. Guaranteed to con- 
tain at least 200.00 (list) value. 9.95 plus 2.00 S&H. 
Specify Category. 1. TV, VCR or stereo and misc. 
items. 2. Land Mobile, CB or Marine and misc. items. 
Pax-Tronix, Great Mills Rd., Lexington Park, MD 20653. 

2-87-1t 

FOR SALE (CONT.) 
VIDEO TUNE-UP disk converts C64/128 computer in- 
to color bar generator. Standard test patterns (rain- 
bow, purity, crosshatch...) plus new BAR SWEEP pat- 
tern. Instructions included: $27.95 SOLAS, Box 665, 
Springhouse, PA 19477 (dealers/schools call 
215-723-4597) 2-87-2t 

HELP WANTED 
CAMERA -VIDEO Technicians needed. Top pay and 
benefits for well trained and experienced technicians 
who are expert with consumer and/or Industrial 
cameras and VCR's. Training by manufacturers such 
as Sony, Hitachi, Panasonic, etc., are necessary for 
job experience. Come to sunny Florida and enjoy your 
work & leisure time. Write or call ATLANTIC ELEC- 
TRONICS INC., 1881 NE 26 St., Ft. Lauderdale, FL 
33305. (305) 564-827410 AM to 6:30 PM. Ask for Dave or 
Joe. 8-85-1fn 

VIDEO/AUDIO technician needed. Top pay and 
benefits for well trained and experienced technicians 
who are expert with consumer TV and audio equip- 
ment. Training by manufacturers such as: Sony, 
Hitachi, RCA, Panasonic, etc. are necessary for Job ex- 
perience. Write or call: Atlantic Electronics, Inc., 1881 
NE 26th St., Ft. Lauderdale, FL 33305, 305.564-8274 (10 
AM 6:30 PM). Ask for Dave or Joe. 06.86-tfn 

ELECTRONIC TECHNICIANS - Part time for field serv- 
ice and preventative maintenance. Openings nation- 
wide. Must have own transportation, flexible hours, 
and some equipment. $15.00 per hour. Send Resume 
to Field Service, Best Power Technology, P.O. Box 
280, Necedah, WI 54646. 2.87-2t 

BUSINESS OPPORTUNITIES 

T.V. SALES & SERVICE. Well established business 
located northern Virginia. Owner retiring and will help 
with financing. Call 703-972-7027 after 7:00 p.m. EST. 

6/85-ttn 

3 HOURS FROM SAN FRANCISCO, Electronic repair 
shop in Pine Forested foothills. Vision problem forces 
sale. 7 rm residence, Ig beautiful gdn all shop equip in- 
cluded,$155k min50% dwn req (916)872-1962. 10.86 -tin 
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SERVICES Advertisers' Index 
TELEVISION TUNER REBUILDING, all makes & 

models. 24 -hour turnaround, one year limited warran- 
ty. Competitive pricing. Contact: Electrodyn, 917 

South Rogers St., Bloomington, In. 47401. Telephone: 
812-334-1023. 2-87-21 

TVRO EQUIPMENT REPAIR, satellite receivers, anten- 
na actuators and down converters. 72 -hour turn- 
around, 90 -day limited warranty. Contact: Electrodyn, 
917 South Rogers St., Bloomington, In. 47401. Tele- 
phone: 812-334-1023. 2-87-2t 

REPAIR OF ZENITH circuit board 9 -160 -all; with dud 
exchange $33.00. One year guarantee. Kinirral Elec- 
tronics, 68-26 64th Place, Glendale, N.Y. 11385. (718) 

366-3859. 1-87-3t 

Educ.-Instruction 
CABLE TV TRAINING-Training in Cable Television 
Technology. Learn construction, installation, and 
maintenance. Cable Correspondence Courses, Inc., 
P.O. Box 1319, St. Charles, MO 63302. 2-87-3t 

PERSONALIZED 24 -HOUR 

SERVICE ON OVER 

7,000 ELECTRONIC 

COMPONENTS & PRODUCTS... 
CALL TOLL FREE 

1-800-558-9572 Zs 1-800-242-9553 

ßflL PRg JI I ,GNA 
PROJECTOR RECORDER BELT 

200 Clay Street Whitewater, WI 53190 
TLX 4994411 PRBUSA 

Circle (28) on Reply Card 

NEW IDEAS FOR THE 
HOBBYIST IN A UNIQUE 
MAGAZI NE/NEWSLETTER 
FORMAT. FREE DETAILS. 

AF PUBLISHING 
Dept. A2, P.O. Box 5241 

So. Hadley, MA 01075 

Circle (29) on Reply Card 

Tech's 
Guide , 

To 
Pricin 

N 

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

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

Circle (30) on Reply Card 

A MUST FOR THE TV TECHNICIAN 

UNIVERSAL CRT ADAPTER- Don't buy another 
socket for your CRT Tester! Join 10,000 satisif- 
ied buyers & WIN the Socket War! 
GUARANTEED to fit your tester. 
Test/clean/restore ALL Color, B/W, 
Projection. $59.99ppd w/Setup 
book, Visa, MC, COD. 

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

2323 Gibson, Muskogee, Oklahoma 74403 

Circle (31) on Reply Card 

NATIONAL REBUILT HEADQ. FOR- 

SONY REBUILT 
PICTURE TUBES 

2 YR. WARR.-FREE U.P.S.-DEL. 

716-621-5250 

Page 
Number 

Reader 
Service 
Number 

Advertiser 
Hotline 

A.F. Publishing Co 66 29 

Applied Data Communications 39 13 714/731-9000 

Automated Production Equipment 
Corp 61 25 516/654-1197 

Beckman Industrial Corp. IFC 1 714/671-4800 

C & S Sales 53 20 800/292-7711 

Chemtronics, Inc. 63 26 800/645-5244 

Cleveland Institute of 
Electronics 55 21 800/321-2155 

Dandy Mfg. Co. 66 31 800/331-9658 

Datacom Northwest, Inc 28 11 206/355-0590 

Digitron Electronic 63 27 800/526-4928 

ETA 57 

Fluke, John Mfg. Co., Inc 29 12 800/227-3800 

Fordham Radio Supply Co. 19 7 800/645-9518 

ISCET 65 

Leader Instrument Corp. 5 4 514/337-9500 

MCM Electronics 51 19 800/543-4330 

Mercer Electronics IBC 2 312/687-2265 

NESDA 59,61 

NRI Schools -Electronics Division 7 202/244-1600 

Precision Picture Tubes 66 32 716/621-5250 

Projector Recorder Belt Corp. 66 28 800/558-9572 

PTS Corp 21 8 812/824-9331 

RCA Distributor and Special 
Products 3 3 800/227.3800 

Sams, Howard W. & Co., Inc. 25 9 800/428 -SAMS 

Sencore, Inc 43,45 15,16 800/843-3338 

Sencore, Inc 47,49 17,18 800/843-3338 

Simpson Electric Co. IBC 2 312/687-2265 

Spectrum 2000 Inc. 59 24 800/922-6333 

Sperry Tech, Inc. 66 30 800/228-4338 

Tab Books 57 23 800/233-1128 

Tektronix, Inc. 10A-1013,11 5 800/433-2323 

Transleteronic Inc. 55 22 718/633-2800 

Zenith BC 

Use ES&T 
classified ads 

ELECTRONIC SERVICING d TECHNOLOGY Volume 7. No. 

2. CUSPS 462-050) is published monthly by Intenec 

Publishing Corp., 9221 Ouivira Road, P.O. Box 12901, 

Overland Park, KS 66212. Second Class Postage paid at 

Shawnee Mission. KS. and additional mailing offices. 

POSTMASTER: Send address changes to ELECTRONIC 

SERVICING & TECHNOLOGY, P.O. Box 12952, Overland 

Park, KS 66212-9981. 

GLEOTROINO 
KANSAS CITY, MISSOURI 
Greg Garrison, Sales Manager 
P.O. Box 12901 
Overland Park, KS 66212 
Phone: 1-913-888-4664 

NORWOOD, AUSTRALIA 
Hastwell, Williamson, Rouse PTY. LTD. 
P.O. Box 419 
Phone: 332-3322 
Telex AA 87113 

LONDON, ENGLAND 
Nicholas McGeachin 
Suite 460, Southbank House 
Black Prince Road, London SE1 7SJ 
Telex: 295555 LSPG 
Telephones: Central Line 01 582-7522 

Direct Line 01 587-1578 

TOKYO, JAPAN 
EMS, Inc. 
Sagami Bldg., 4-2-21, 
Shinjuku, Shinjuku-ku, 
Tokyo 160, Japan 
(03) 350-5666 
Telex: 2322520 EMSINCJ 
Cable: EMSINCPERIOD 
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The Ultimate in Low -Cost Test Equement 
At last! Her is your opportunity tD take your tick from a new test evuipment line that has all 
the features )ou need and more ...and at a price tha: is unbelie-iabl" low. 

MODEL 91D1 
Compact VOM wits 2: 
arges, inc -d ng a 
-00 megohm rarge 

0 00 L7 

MC DEL 9401 
4' -iigit, full fonction, 
harcfield DMV i:h 
.05°343 accuracy. arc 
data hold 

$12 a°° 

MODEL 9340 
Ftc<et size, 31/2 -digit 
CMM with 20 megohm 
ringe and 10 megohm 
iuut resistance 

$4400 

MC DEL 9701 
dig -ctampTM compact 
AC clamp -on volt-ohm- 
Lmre-er with data hold 
s6S" 

rneríer 
ELECTRONICS 
Eivision cf Smpsor Etevtric Company 

859 Dundee Ave,Tue, Elgin, IL 60120-3090 
(312) 697-2265 Telex 72-2416 

MODEL 9670 
Dgital capacitance 
tester covering 0.1 pF 
to 20,000 µF 
$9900 

MODEL 9301 
2'/2-cigi hsni-held 
CMM w tit C.25% 
tasic accuracy and 
2,00C-hpur ) ttery life 
$5900 

MODEL 9120 
Analog VOM with 12 A. 

DC range and outp..t 
jack 

$3900 

MODEL 9370 
31/2 -digit autoranghe 
DMM with a memory 
mode and 0.5% basis 
DC accuracy 
$5900 

Mer er Electronis prowcts ref ect tie design and quality 
stancards es-atiished by Simpaon E eotr c Company, an indust v 
leackr for over 5.) /ears and knovnn rIcrlcwìde for its integrity 
and product exce:Ilence. 
In Sawk...Available Now! Stop it at tour nearest distribu-or 
ani see this reN comp ete I re o Mee -ce- test instruments. 
For the name of the MERCER distributor in your area, call 
(312) 697-2265, or send for our new line catalog. 
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Start the New Year right by selling 

Zenith Video/Audio Accessories to the same people 

whose electronic products you now service. 

Like all Zenith products, Zenith Audio/Video Accessories 
are made to the same uncompromising quality and per- 
formance standards that have earned Zenith a reputation 
unsurpassed in consumer electronics. 

And it goes without saying that the better known and 
the more respected a product's name the easier, faster, 
and the more profitably you can sell it across the counter 
...or while you're out of the shop on a service call. 

To learn how it's done, how other service techs just 
like you are cashing in on the selling power of the Zenith 
name, call your Zenith distributor's Accessory Sales 
Manager now. 

Everything you need is there at your Zenith 
distributor's place - the help and encouragement of an 

experienced Zenith Accessory Sales Manager...the 
selling power of the Zenith name on video and audio 
accessories...and the overall support of your Zenith 
distributor's dedicated personnel. 

With easy access to this wealth of know-how, you 
should have no trouble turning some 6, 7 or 8 feet of your 
floor space into a very respectable profit center. With 
Zenith Electronic Accessories, of course. 

Call your Zenith distributor's Accessory Sales Manager 
now or write direct for the name of the Zenith 
distributor serving 
your area. 

Call or write 
now, today! 

FM/TM 
The quality goes in before the name goes on" 

Zenith Service, Parts & Accessories Department 30.11000 Seymour Avenue, Franklin Park, Illinois 60131 A Division of Zenith Electronics Cc rporatlon 
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