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6 Oscilloscope Special Report
By Conrad Persson
The oscilloscope has always been
indispensible for many electronics
servicers. but today's scope doesn’t
just give you an idea what shape of
waveform you're dealing with. With
acquisition and storage of repetitive
signals, single-shot capture, tracking
of signal variations, and cursor
facilities for signal analysis, today’s
DSO can make the job of
troubleshooting faster and easier
than ever before. This special report
takes a look at how rise time and
bandwidth specifications can help
you choose your scope today. and
point to where oscilloscope
technology is headed tomorrow.

7 Bandwidth and Rise Time
— Two Keys to Selecting the
Right Oscilloscope
Bv Mike Hoyer

10 Oscilloscopes: From
“Looking Glass’’ to
High-Tech
By Hans Toorens
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controlled recrifier for good reason
— in an ac circuit, its ability to
switch hundred-watt loads makes it
a useful little gadget: a fast, solid-
state relay with no moving parts, no
contact bounce, no arcing, no pitted
contacts and only a small amount of
gate current.
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—— Editorial

The hazards
of the job

There was a time when we were bliss-
fully unaware of the hazards to our
health presented by substances we en-
counter in everyday life. Then biologi-
cal researchers began finding that cer-
tain substances, some forms of
radiation, and even such conditions as
overcrowding could be detrimental to
our mental and physical well being.

Findings such as these can cause con-
cern and may lead to hasty action. For
cxample, when researchers performed
studies involving the feeding of massive
amounts of the artificial sweetener cy-
clamate, an alternative to saccharin, to
laboratory rats, the studies suggested
that cyclamate was a cancer-causing
agent, so it was taken off the market.
Further testing failed to corroborate the
results of the initial testing of cyclamate,
and it now appears that that testing was
flawed.

On the other hand, it can often be
hard to prove definitely that some haz-
ards are real. For example, there has
never been any clear-cut *‘proof™ that
cigarette smoking causes lung cancer
and many of the other ills linked to it,
yet the weight of evidence is over-
whelming that cigarette smoking is ex-
tremely hazardous to the health of the
smoker, and not all that good for others
who share that smoke.

Some hazards are job-related. One
such possible hazard to the electronics
servicer involves consumer electronics
products.

It has been known for many years that
ionizing radiation, such as X-rays and
radiation caused by decay of radioactive
materials, can cause adverse health ef-
fects in humans. However, several re-
cent studies have produced evidence that
even non-ionizing radiation — elec-
tromagnetic fields from electric wires,
transformers or any product that carries
an clectric current — may be hazardous
to the health of humans who are exposed
to such radiation.

For example, according to an article
by Paul Brodeur in the Nov. 7, 1989, is-
suc of Fumily Circle magazine, a study
performed in Boulder, CO, has turned
up evidence that children who live in
homes that are located close to power-

line transformers have a higher inci-

dence of leukemia than children whose

homes are located farther from the

transformers.

According to the same article, there
appears to be other evidence that cor-
roborates this finding. In 1986, the as-
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sociation between high-current wires
and childhood cancer was contirmed by
a major study conducted under the
auspices of the New York State Depart-
ment of Health. The report stated,
*“Prolonged exposure to low-level mag-
netic fields may increase the risk of de-
veloping cancer in children.”” A similar
finding was announced by scientists
studying childhood cancer in Sweden.

The article lists other preliminary evi-
dence: In 1985, a jury in Houston found
“clear and convincing evidence” of
potential health hazards from power
lines near schools and awarded damag-
es against Houston Lighting & Power;
in 1989, a Florida judge ordered chil-
dren not to play in a Boca Raton school-
yard near overhead power lines. The ar-
ticlc even suggested staying three feet
back from your TV or CRT, keeping
your electric alarm clock some distance
from your bedside, and forgoing your
electric blanket.

Our purpose here isn't 10 raise an
alarm. Not enough testing has been
done to determine the validity of studies
that suggest there are adverse health ef-
fects caused by non-ionizing elec-
tromagnetic radiation. The jury will be
out for a long time on this subject. Un-
til all the evidence is in, however, pru-
dence suggests that anyone whose work
involves long hours in close proximity
10 energized electrical/electronic equip-
ment (for example, consumer electron-
ics scrvicers) take whatever measures he
can to minimize exposure to this form
of radiation. For example, putting the
burn-in bench some distance {rom
where technicians are working can re-
duce the hazard considerably.

We are currently working on a spe-
cial issue that will be published in the
fall, detailing as much information on
this subject as we can. If you have ex-
perienced health cffects that you suspect
may be caused by exposure to electric
and magnetic fields related to your
work, please write or call. We'd like 10
talk to you.

Call us at 913-541-6662 or send your
correspondence 10:

Hazards
Electronic Servicing & Technology
PO. Box 12901
Overland Park, KS 66212
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Oscilloscope special report

The oscilloscope has undergone sig-
nificant changes since it was introduced
as a tool for observing electrical wave-
forms. From an uncalibrated device use-
ful for little more than getting a rough
idea of the shape of a waveform, the
analog scope gradually evolved into a
tool for studying waveforms with a great
degree of mathematical accuracy.
Today's digital storage oscilloscopes
(DSOs) not only provide the user with
a graphic representation of the wave-

By Conrad Persson

it with other waveforms, analyze it
mathematically. And these oscilloscopes
increase in capability and decrease in

| price every year.

As oscilloscopes have evolved, the

| consumer electronics equipment that

form on the screen, they also make it |

possible to store a waveform, compare

Persson is editor of ES&T.

technicians will be servicing has also
changed. In addition to all of the
sophisticated analog circuitry to be
found in today’s TVs, VCRs and other
consumer products, there’s a great deal
of sophisticated digital circuitry.

This special report takes a look at to-
day’s oscilloscopes. First, what are the
criteria for choosing an oscilloscope?
The article ‘““Bandwidth and Rise Time

— Two Keys to Selecting the Right Os-
cilloscope” examines the nature of the
signals that a servicer will encounter,
and analyzes from this information what
capabilities the technician will require
in an oscilloscope. The article also dis-
cusses the required sampling rate of a
DSO as determined by the frequencies
of the signals to be observed.

The second article in the report, “Os-
cilloscopes: From ‘Looking Glass’ to
High-Tech,” describes the evolution of
the oscilloscope from its humble begin-
nings to the power of today’s DSOs.
This article discusses how today’s
sophisticated oscilloscopes do much of

Computers are finding more and more
applications in consumer electronics
products as well as in the test equipment
that is used in the servicing of those prod-
ucts. Not only that, but recently we have
seen more and more software designed
to turn a personal computer into a piece
of test equipment.

For example, there are software pack-
ages that will turn a computer into an os-
cilloscope. The computer also can be

W3: Surface Plot

w8: Symbol Plot

The computer as a waveform

made to emulate the spectrum analyzer.

Here’s a software product that will turn
a PC into a “spreadsheet” for waveforms,
signals or graphs. This program, called
DADISP (pronounced day-disp) aliows
the user to call waveforms into his com-
puter, analyze them, manipulate them,
compare one waveform to another, and
possibly diagnose problems in the equip-
ment that produced the waveform. The
waveforms to be analyzed might be cap-

w6: QC Chart

u

wa
1.0 2le 3,6 4.6 S.0 6.0 7.0

w9: XY Plot

analyzer

tured, for example, by a data acquisition
system or by a modern instrument that
can capture a waveform and transfer it to
the computer via an IEEE-488 interface.
The program can also accept and display
tabular data and text.

The software is an interactive graph-
ics worksheet — a visually oriented soft-
ware tool for the display, analysis and
management of scientific and technical
data, requiring no programming. It takes
any type of data as described above and
plots it in color on-screen. The menu-
driven software allows you to run
hundreds of analysis routines, displaying
the results next to the original data in a
variety of dynamic graphic views.

This program can simultaneously dis-
play up to 64 separate on-screen windows
for viewing all types of data, analysis and
graphs. These windows can be individu-
ally manipulated and linked to one an-
other, similar to how a spreadsheet al-
lows you to manipulate and link cells of
numerical data. If the data in one win-
dow is changed, the software automati-
cally recalculates and updates all win-
dows that are dependent on that data.
Also, any window can be zoomed in on
for detailed examination and modifica-
tion, allowing scrolling, panning and cur-
soring through data point-by-point and
window-by-window. A number of graph
types can be used, simplifying and speed-

April 1990



the work of calculating wavetform
parameters, such as frequency and peak-
to-peak, average and rms voltage, allow-
ing the technician to concentrate on the
business of deciding what points to
measure and how to interpret the data
observed.

Today’s complex consumer electron-
ics products require sophisticated tech-
nicians and advanced test equipment to
service them. We hope this article helps
readers become more aware of the ca-
pabilities they will find in the current
crop of scopes. ]

ing data interpretation.

Here's a concrete example of what a
technician could do with the software.
Let’s say that you suspect an integrating
circuit of not working properly. You
could capture both the input waveform
to the integrator and the output waveform
from the integrator and place them in
windows. Then you could use the
manipulating abilities of the program to
produce the integral of the input wave-
form on screen. Finally, you could com-
pare the actual output from the integra-
tor with the integrated input waveform
produced by the software. If they resem-
ble one another within reason, the in-
tegrator is probably good. If they’re sig-
nificantly different. you've probably
located a problem source.

There are currently two versions of this
program. The original, version 1.05. is
priced at $895 and will run on any IBM
or compatible from the 8086 on up. It re-
quires 640K of memory and will oper-
ate on a monochronie or color monitor.
The upgraded version, 2.0, is priced at
$1695 and requires a 286 or 386 and
2MB of RAM. This version is usually
run with an EGA or VGA monitor.

For more information on the program,
contact DSP Development Corporation
at | Kendall Square, Cambridge, MA
02139; 617-577-1133.

Bandwidth

and rise time -

two keys

to selecting the right
oscilloscope

Bundwidth? Rise time? What are they?
What factors of each do I need? Are
analog and digital storage bandwidths
the same?

These two arcas attract the most ques-
tions by oscilloscope buyers, and with
good rcason. Bandwidth and rise time
are the main keys to selecting the right
oscilloscope for your application. Our
goal is to clarify the confusion sur-
rounding these two essential elements.

What is oscilloscope bandwidth?

The bandwidth of any oscilloscope,
real-time or storage. is defined as the
frequency at which a sinusoidal signal
will be attenuated by a factor of 0.707,
or reduced to 70.7% of its maximum
value. This is called the —3dB point.
For example, a 1V, 20MHz sine wave
on a 20MHz oscilloscope would appear
to be about 0.707V. This seems rather
simple. and it is. but things become
complex where square waves are con-
cerned.

Square waves and video signals are
some of the most complex signals. They
need to be considered when choosing an
oscilloscope because they are found in
more and more electronic products eve-
ry day. Square waves consist of an in-

Hoyer is product marketing manager for Leader In-
struments.
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By Mike Hoyer

finite number of sine waves: the fun-
damental frequency (the sine wave that
is of the same frequency as the square
wave) plus mostly odd harmonics (mul-
tiples of the fundamental frequency).
Fourier analysis shows that a square
wave consists of the fundamental sine
wave plus sine waves that are odd mul-
tiples of the fundamental frequency:
three times, five times, seven times and
so on (third harmonic, fifth harmonic,
seventh harmonic, etc.).

This phenomenon is expressed in this
equation:

F(1)=A sin(wt)—A sin(wt)/3

where A is the fundamental amplitude
and wt is the fundamental frequency.

What bandwidth do you need?

The Fourier analysis calculation
shows that the fundamental frequency
contributes about 81.7% of the square
wave. The third harmonic contributes
about 902% and the fifth harmonic
about 3.24 % . Harmonics contribute to
the shape of the square wave; therefore,
if you remove the harmonics, it would
be a sine wave. Higher harmonics con-
tribute less and less, and are not as sig-
nificant in the creation of the square
wave. This tells us that about 94% of
the square wave is derived from the tun-

7
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Figure 1. A square wave can be considered to be composed of a sine wave at the square-
wave frequency added to an infinite number of sine waves that are odd multiples of the fun-
damental sine wave frequency (odd harmonics). As this classic illustration shows, the fun-
damental and the first two odd harmonics (third and fifth) give a pretty good approximation
of a square wave. For most servicing purposes, an oscilloscope that has sufficient band-
width to handle frequencies as high as the third harmonic of any square wave encountered
is adequate. The composite at the left shows the individual waveforms for the fundamental
and the first two harmonics. The waveform in the center illustrates the resuitant when the
fundamental and first harmonic are combined. The waveform at the right illustrates the wave-
form that results when the fundamental and the first two harmonics are combined.
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Figure 2. To assure that the waveform representation is correct, a digital storage oscillo-
scope must be capable of sampling at rates greater than twice the highest frequency that
you will encounter. Sampling at less than twice the frequency of the signal can result in a
waveform that does not accurately represent the waveform. In this worse case, a sine wave
can look like a straight line. This problem is known as aliasing.

damental and the third and fifth har-
monics. Inaccuracies introduced by the
oscilloscope’s amplifiers are about 2%
to 3%. and the user’s ability 1o accurate-
ly read the display may create about 4%
error. Thus, a total minimum ot 6% er-
ror is introduced by interpretation of the

pect to encounter. In other words, five
times the highest fundamental frequen-
cy to be measured will give you the
bandwidth of the oscilloscope required.
Servicing consumer products, such as
TVs. VCRs. camcorders, CD players,
sterco equipment and computers. re-

wavetorm. Therefore, 94% of the wave-
form’s characteristic components should
be sufficient.

Because a square wave is the most
complex of wavetorms. and because you
don’t really need any frequencies above
the fifth harmonic of the waveform be-
ing studied. the bandwidth you will re-
quire in an oscilloscope is about five
times the highest fundamental you ex-

quires a l00MHz oscilloscope. The
Electronic Industries Association (E1A)
recommends using a 100MHz oscillo-
scope for these applications.

Defining analog rise time
High-speed digital circuits contain
quick rise times. The rise time needed
within an oscilloscope depends upon the

risc time being measured and what de-

8 Electronic Servicing & Technology April 1990

gree of accuracy is needed in measur-
ing them. A 2% to 3% rise time accura-
cy can be obtained with an oscilloscope
that has about five times the rise time
of the signal being measured. Rise time
can be determined from the bandwidth
of the oscilloscope:

T,=(0.35)/(bandwidth)

A digital bandwidth pitfall

Sad but true, determining digital
bandwidth has become confusing. The
sample rate of a digital storage oscillo-
scope must be greater than two times the
highest frequency to be measured.
Think about it. A sine or square wave
starts at the origin and then crosses and
recrosses the origin. In this case, if you
were 1o sample two times faster than this
signal, you would obtain two points dur-
ing each cycle. and each could be at the
origin. By connecting these two sample
points. you would obtain a straight line.
This would lead you to believe that there
was no signal at all. (See Figure 1.)

How can you determine the sampling
rate necded tor a digital oscilloscope?
Many manufacturers have developed
their own rules in deciding the number
of samples required per cycle of a wave-
form. We are not presently aware of any
official agency or trade group that has
actually set standards for the industry.
At Leader, we agrec with the view held
by the majority of engineers that 10 sam-
ples per cycle provides a sufficient rep-
resentation of a waveform.

This sample rate is necessary for sin-
gle shot signals or for constantly chang-
ing signals; hence the term single-shot
bandwidth. There is also repetitive
bandwidth. which is not rclated to the
sample rate but refers instead to the
bandwidth of the analog amplifiers.
Here. the digital storage oscilloscope
obtains points over a period of several
passes of the signal before displaying it
on the CRT. Naturally, the signal must
remain the same, or a distorted repre-
sentation of the signal will result. This
essentially creates a higher digital stor-
age bandwidth, but beware — it’s only
for repetitive signals. How many signals
actually remain constant?

Beware of varying digital bandwidth

Take note if the oscilloscope has one
or two analog-to-digital (A/D) convert-
ers. If the oscilloscope has one A/D
converter and is in 2-channel mode. the
A/D processing is shared among two
channels. The sampling rate is cut in
half and so is the single-shot bandwidth.
Unfortunately, many users have no idea
that this is taking place. n
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®  full analog and digital operation. Don't lef the action pass you by. The 2522 will put

m  20MHz analog operation. you on the fast track for performance and results.

® 10 MS/second sampling rate on 1 or 2 channels. For immediate delivery or complete specifications,

m  Fquivalent time sampling to 20MHz. contact your local B&K-PRECISION distributor.

m 2k memory per channel.

®  Pre-trigger capture.

BX PRECISION

v
MAXTEC INTERNATIONAL CORP.
Comestic and International Sales

6470 W. Cortland St., Chicago, L 60635
312-889-1448 « FAX: 312-734-39740

Canadian Sales, Aclas Bectronics, Ontario

\\
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Oscilloscopes: From
“looking glass” to high-tech

By Hans Toorens

Oscilloscopes are hardly a new prod-
uct. To many users, they are not con-
sidered an exciting product, either, just
a tool to be taken for granted. Recent
changes presage an exciting future for
oscilloscopes, a future that reaches to
new product features and to many new
markets.

‘‘Looking glass’’ tools

The earliest analog oscilloscopes
were primarily observation, ‘‘looking
glass” tools, not measurement tools.
They lacked calibrated vertical ampli-
fiers and time bases, and they lacked
trigger circuits, so viewing non-
repetitive events was impossible.

Early scopes were lacking as obser-
vation tools. There wasn’t a permanent
record of their display. Repetitive events
could be shown, but single occurrence
or low-repetition events could not be
captured, except with a camera, mak-
ing the operation complex and clumsy.

Tc;)orcns is pmdu;1 mafkeun?mun?gér& Philips T&M
Group. John Fluke Mfg. Co.

Modern DSOs not only display the waveform
of a signal, but the microcomputer circuitry
also calculates and displays such parameters
as frequency, period, amplitude and more.

Special CRTs. called storage displays,
later solved these observation and re-

| cording problems, but they lacked

brightness and were expensive. More
accurate vertical and horizontal systems
eventually arrived, as did trigger-control
circuitry, making calibrated time bases
feasible for the first time. Further refine-
ments included expanded vertical and
horizontal displays, differcntial vertical
amplifiers, dual time bases, and more
trigger refinements.

Yet the oscilloscope still seemed to be

primarily used as an observation tool. |

Even with calibrated voltage and time
systems, errors crept in.

DSOs
Today, we have digital storage oscil-
loscopes (DSOs) — the first to replace
analog storage scopes. Early DSOs were
too slow for serious electronic tests and
were used for mechanical, medical and
other “slow” applications. Unlike non-
storage or CRT storage scopes, DSOs
do not depend on the CRT as part of the

measurcment system.

PHILIP

It’s a fact that the DSO has been a
| boon to measurement technology. But
using DSOs in place of non-storage or
display-storage scopes has required
some adjustment for users.

DSOs are speeding up, too, with tast
analog-to-digital (A/D) converters and
charge-coupled devices (CCDs) for eco-
nomical high-speed capture. With these
refinements, DSOs became part of real
electronics speed and applications.

Today’s scopes
As DSO development continues, de-
i sign cxperience and technology im-
provements continue to make products
faster and more affordable.
|  Several technological breakthroughs
have dramatically affected the value of
oscilloscopes. One such development
| has been the use of CCDs in the digital-
| storage acquisition system. Before
CCDs, digital storage relied on high-
spced A/D converters and memory.
A/D converters were typically one of
| two types: flash converters, which could
digitize high-speed, single-shot events

|
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DSOs and analog oscilloscopes both display electronic signals, but the DSO also stores
signals, performs calculations to determine and display waveform parameters, and trans-
mits data to a computer to be saved on disk.
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DELUXE TEST LEAD KIT

Users call TPItest leads The Absolute Best. The
TLS2000 features the highest quality cable in the
industry — with spring-loaded safety-sleeved
plugs. U.L. listed (file E79581). Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Cail 10ll-free for catalog:
1-800-368-5719.
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BNC ATTENUATOR KIT

Contains 4 attenuators — 3dB, 6dB, 10dB,
20dB; 1 feedthrough and 1 termination. Thick-
film circuitry for low reactances. Rugged de-
sign resists shock and lasts longer. Rectangular
shape stays put onthe bench. Impedance: 5052
Frequency: 1GHz. Maximum Power: 1kW
peak, IW avg. VSWR 1.2:1. Attenuator
Accuracy:10.2dB. Terminations Resistance
Tolerance: +1%. $150.

TEST PROBES INC. Cail toll-free for catalog:
1-800-368-5719
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COAX ADAPTER KIT
« Create any adapter in seconds
« Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA
The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter-
faces. Simply screw any combination of 24 con-
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC. 9178 Brown Deer, San
Diego, California 92121. Call toll-free for cata-
log: 1-800-368-5719.
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No Better Probe Ever
at This Price!

Shown here :
Model SP150
Switchable 1x-10x 49

ECONOMICAL SILICON
RUBBER TEST LEADS

Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TL1000 $14. Satisfaction guaranteed.
TESTPROBESINC. Calltoll-free for catalog:
1-800-368-5719.
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Risetime less than 1.5 nsec.

* Universal - works with all
oscilloscopes

* Removable Ground Lead

* Excludes External
Interference - even on
scope’s most sensitive range

* Rugged - withstands harsh
environments including high
temperature and humidity

» Advanced Strain Relief -
cables last longer

« Available in 10x, 1x and
switchable 1x-10x

+ 10 day return policy
performance and satisfaction
9178 Brown Deer Road

guaranteed
San Diego, CA 92121
Toll Free 1-800-368-5719
1-800-643-8382 in CA

TEST
PROBES, INC.

Call for free catalog and Distributor in your area
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If you want the shortest distance between a problemand  you need both quickly and simply. And thanks to our on-
asolution,look no further than our troubleshooting guides.  screen video indexing, those answers are easy to locate.

Whether theyre for VCRs,CD players, fax machines, pro- But for all the invaluable help our manuals and videos
jection or direct view T Vs, each one gives you the answers can offer, they are surprisingly inexpensive, ranging from
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just $40 to $100. For example, there is our step-by-step fax  point, of course), write to Mitsubishi Technical Services

training video (part #TT-107) at $89.95. Division, 5757 Plaza Drive, Cypress, California 90630.
If you would like to place an order, call 1-800-553-7278.Or
for a free copy of our brochure (simply-worded and to-the- A MITSUBISHI

TECHNICALLY, ANYTHING IS POSSIBLE
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Perhaps this article has renewed your
interest in purchasing a new oscilloscope.
The right scope, like any tool, will make
your job easier. Many scopes otfer
powerful features, and their advertise-
ments make them seem indispensable for
any use. So how do you make the right
choice? Here are some suggestions:
® Buy only what you need. We’ve spent
a lot of time talking about DSOs, and we
do believe they will become the predom-
inant measurement tool of the '90s. How-
ever, many of you may not need the pow-
er of a DSO. Their cost is usually more
than that of a non-storage scope. You
know best what you need for your job.
Don’t be caught in the “I need the best
scope possible” trap. If your job is well-
defined with boundaries, buy specifically
what you need. If your job is full of
“what if’s,” such as in engineering, take
advantage of more power in modern
DSO:s.
® Make sure you 're getiing current tech-
nology. Even with DSOs, there are prod-
ucts on the market that rely on outdated
circuitry. State-of-the-art DSOs have
CCD acquisition systems, microproces-
sor control, and automatic setting capa-
bility. Does the one you’re considering?
If you are uncertain, buy a combi-scope,
combining the convenience of the trust-
ed analog scope with the power of a new
DSO.
® Buy fromn someone you trust. What is
the reputation of the manufacturer, dis-
tributor or dealer? What have been your

Before you buy a scope .

experiences with other products with that
nameplate? Does the product have a good
warranty? Most high-quality products to-
day offer 3-year warranties. You shouldn’t
have to pay extra for this coverage.

® Attend seminars and demonstrations.
Many manufacturers offer free seminars
to acquaint potential customers with their
products. Ask your salesperson when the
next seminar will be presented in your
area. Ask for one-on-one demos also, es-
pecially if the manufacturer doesn’t of-
fer a seminar.

® Request videotapes, a loaner scope and
lots of literature. Most brand-name man-
ufacturers have introductory videos, a
pool of demo instruments for short-term
loan, and application guides. All of these
can show you what the product can (and
can’t) do.

® Find our how the product will be sup-
ported after you buy ii. Is there local ap-
plications support or a toll-free number
to call when you have a question? The
best product in the world won’t do you
much good if you can’t get your problems
solved and your questions answered.

¢ Find our about in-warranty and out-of-
warranty repair policies. We mentioned
earlier that a 3-year warranty is typical
for today’s oscilloscopes, but you need
to know exactly how the manufacturer
supports that warranty. Do you get an im-
mediate loaner scope if yours breaks? Or
a replacement? Where will your product
be repaired? How long does it take? Who
pays shipping? Get it in writing.

but were expensive; and successive-
approximation converters, which were
less expensive but couldn’t capture high-
speed events.

The CCD is an analog storage array.
Modern DSOs can capture high-speed
events in real time using CCDs, then
route the captured information to be dig-
itized with low-cost A/D converters.

Another important innovation has
been the widespread use of micropro-
cessors in oscilloscopes. One advantage
of a modern microprocessor-driven
scope is its cold-swirched front-panel
controls. Cold switching means that
complex, failure-prone electromechan-
ical devices, such as attenuator and time
base switches, have been replaced by
microprocessor-controlled, sealed
switching arrangements (reed relays and
solid-state switches), so switch failures
and worn or dirty contacts are a thing

of the past. The introduction of micro-
processor power takes full advantage of
cold switching. More microprocessor
power allows DSOs to calculate results
never before possible with any scope:
rms, risetime, etc.

The front-panel switches are low-
current, long-life units, suitable for use
in harsh environments, making the DSO
ideal for field service, where it is con-
stantly transported and exposed to
weather and dust. The modern scope
can also be controlled electronically
over an IEEE or RS-232 interface bus,
making remote servicing more
practical.

Another new product — the combi-
scope — combines both analog and dig-
ital storage oscilloscope technology in
a single package. Combi-scopes are
more affordable; they handle both
modes; and they’re comfortable to use.
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Analog oscilloscopes are considered
a mature product, but DSOs are only
beginning to mature. Users no longer
need to treat DSOs as an oddity or a lux-
ury. More important, users are becom-
ing comfortable with DSOs. In the proc-
ess, they are finding many new uses for
them.

Today, two trends exist: The overall
scope market is expanding and DSO
sales are increasing at 20% a year; and
the non-storage scope market is
shrinking.

DSOs have replaced display (CRT)
storage products almost completely, and
they are taking over traditional non-
storage markets. In particular, portable
scopes aimed at service markets are
dominated by DSOs.

One likely reason is that the DSO is
regarded as a diagnostic test and meas-
urement tool. Modern DSOs contain in-
ternal storage for multiple waveforms,
thanks to low-cost memory. Many
DSOs contain multiple memories, inter-
nal measurements, and stored front-
panel settings. These features aid trou-
bleshooting. Readouts provide measure-
ment results and front-panel settings.

Many modern DSOs have a feature
that allows the scope to automatically
find optimum settings, depending on
signal conditions. This time-saving tool
eliminates the distraction of changing
settings when you are moving between
test points. This allows the user to con-
centrate on the test-point signal, its ap-
praisal and solution of the problem.

Intelligent scopes can now make key
measurements and comparisons. Volt-
age pcaks, means and rms values are
calculated and displayed. Also, pulse
parameters, such as rise- and fall-times,
can be calculated. Signal frequency or
period are evaluated as well, even for
single events.

With oscilloscopes getting smarter
and smarter, users can concentrate on
test results, not scope settings and cal-
culations to get those results. One dan-
ger of the smarter scope, unfortunate-
ly, is that as users gain more “what”
information, they may lose sight of the
“how” of test and measurement. A
scope that thinks can lead to a user who
doesn’t.

The oscilloscope of the future
Now, let’s look into the future, based
on experience, current trends, ‘hot”
technologies, and a lot of comments
from oscilloscope users.
Fiber optics have begun to replace
electrical cable as a signal medium, not
Continued on page 38,



Digital Multimeters Have

eavyweight Features,
Ijjg}ll‘tvwe%ght Prices.

ECG® DM-26 and DM-27 Pocket DMMs offer the
best value available. Rotry Switch with usual
ranges and “OFF " 20 Megohm Full Scale and 10
Amps DC. Tilt stand. DM-26 $§34.95 Sug. Ret
DM-27 (wibeeper) $39.95

Sug. Ret. At 900 Philips The

ECG distributor locations  Smart

or call 1800-5269354.  Choice Yo 5

ilipsECG
s PHILIPS

Replacement Work On
CRs Is Easy With
ECG’ Parts, Catalog,

New from Philips ECG: VCR modulators for many
popular brands, more opto sensing devices. addi-
tional idler wheels/assembties and belt Kits. Pinch
rollers, idler components, iand scores of belts com-
plete the selection. At 900

Philips ECG distributor The

locations or call Smart )
1-800-526-935+4 Choice Yoo

. I
PhilipsECG

= PHILIPS

Circle (8) on Reply Card

Circle (9) on Reply Card

Breadboarding At
Its Easiest: ECG
Circuit Designers!

Analog model: 2 DC/2 AC power supplies, 200 Hz
10 200 kHz function generator. Digital model: 3 DC
power supplies, 8 LED logic indicators, built-in
logic probe and puiser. Both have 1380 solderless
tie points. No support circuits required. At 900

Philips ECG distributor The °
locations or call Smart w
1-800-526:9354. Choice Y..

— PHILIPS

-

A Quarter-Million
Semiconductors In
One ECG Catalog!

Latest Master Guide and Supplement reference
4,200 ECG semis that replice over 250,000 indus-
trv part numbers. Easy t0 use. easy 1o get at 900
Philips ECG distributor The

Jocations, or call Smart
1-800-526-9354 Choice ¥,
PhilipsECG
o PHILIPS
-
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Choosing your equipment or parts
distributor shouldn't be left to chance.
When you have someone’s malfunction-
ing TV on your bench and you can’t fix
it because a part is on back-order, you're
treading on thin ice with your customer’s
satisfaction. That should worry you, and
your distributor should feel the same
worry over your satisfaction. When you
place an order for several items, you
shouldn’t have to check which have ar-
rived, then try to track different promise
dates for the ones on back-order.

Whether you choose to do business
with only one distributor or several, lo-
cal or mail-order, there are some impor-
tant questions you should ask before
you place your order. After all, a bargain
isn't a bargain if it doesn’t work as sug-
gested and you have to send it back. Es-
pecially if shipping is extra and there is
a restocking fee.

Ask questions

One of the reasons we started this dis-
tributors showcase is to help our read-
ers gain some detailed information on
some of the companies with whom they
might do business. Over the years,
we've heard distributor horror stories
from several of our readers. One read-
er found that a certain company held his
order until after his check cleared — and
then some. In effect, the distributor was
getting a quick loan between the time
the check cleared and the time the com-
pany shipped the merchandise. Our
readers object to providing short-term,
interest-free loans to their distributors,
and they certainly object to unnecessary
delays in getting equipment and parts.

Another reader found he was being
charged excessive shipping and han-
dling charges. Unfortunately, in this case
the distributor had him over the barrel:
The company was the only one to pro-
vide unauthorized servicers with serv-

DISTRIBUTORS
SHOWCASE

icing information on this brand of TV.

Another reader complained about a
company that listened to his explanation
of the application for which he wanted
to use a piece of test equipment, then
assured him that the company’s prod-
uct was made for that application. it
didn’t work, and when he returned it, he
was charged a hefty fee by the compa-
ny just to put the equipment back on the
shelf. Restocking fees may be neces-
sary when a customer orders a part and
just decides he doesn’t really need it.
However, when it doesn't work as
promised, should the customer really
have to pay to rectify the company’s
mistake?

So ask questions before you order.
Once the check is out of your hands,
you've lost your leverage. Here are
some of the areas in which you might
want to do some comparison shopping
among distributors:

¢ Does the company offer a range of
products, or does it specialize in a par-
ticular area? Determine whether you
need a single, generalized distributor or
several companies to fill special needs.

* Are prices a lot higher or lower than
the competition? Don’t assume higher
prices automatically mean better quali-
ty. If prices are lower, it might be a gen-
uine bargain, but it also could be the
only way the company can unload
below-par equipment.

* What percentage of orders can the
company fill from stock? What percent-
age of items go on back-order? How
long is the average item on back-order?

* How soon after receipt of an order
does the distributor ship?

* Does the distributor add a shipping

surcharge or a handling charge?

¢ Does the company make ordering
easy? Look into toll-free telephone num-
bers; ordering options, such as fax, tel-
ex and computer ordering options (MCI
Mail, Compuserve, EasyLink); payment
options (open order account, credit card,
CO.D,, check); and shipping (mail, UPS,
Federal Express).

¢ |s there a minimum order amount?

* What kind of special services, such as
assembling cables, does the company
offer?

* What research services does the dis-
tributor offer to help you to find the part
you need?

* What is the distributor’s return policy?
Do you pay shipping, and is there a
restocking fee?

* Are all of the distributor’s policies well-
documented, or do you have to guess
at them? Do they differ depending on
the company's whim?

* What kind of warranty, if any, does the
distributor offer?

This year’s showcase

We put these questions to several dis-
tributors, and the distributors we'’ve in-
cluded in this showcase took the time
to answer some of those questions for
our readers. We're pleased to include
profiles of several companies not pro-
filed last year. As you read through this
section, it might be a good idea to jot
down pros and cons as they apply to
your special circumstances. Next time
you have to decide to whom you will give
your hard-won dollars, a quick glance
might tell you who has earned them.

I SPECIAL ADVERTISING SECTION M
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For nearly three decades, Omega En-
gineering has established itself as the
recognized leader in the growing field
of process measurement and control.
This leadership is rooted in the compa-
ny's unyielding commitment to quality,
innovation and customer satisfaction.
Customers at Omega have come to rely
on the company’s engineering expertise
and custom-design capabilities to fulfill
their application requirements. The
broad range of instruments and sensors
are sold via the company’s expansive
handbook and encyclopedia series.
These handbooks (six currently are
available) feature detailed product
descriptions, prices and ordering infor-
mation. Each handbook also contains
complete technical data and application
guidelines, all in an easy-to-read format.

Omega has always sold direct to its
customers, eliminating the middleman,
thus assuring the level of service that is
paramount in the industry. The compa-
ny's sales and engineering staff can as-
sist customers with technical questions,
check inventory status, and place or-
ders, all with a simple toli-free call. An-
other advantage to selling direct is the
precept of selling complete systems,
rather than individual products, for proc-
ess measurement and control. Omega’s
diverse product offerings can be inter-
related, allowing convenient monitoring
of various process variables. The current
Omega handbooks and encyclopedias
include the following categories.

* Heater products — Strip, immersion,
cartridge, band, nozzle and radiant heat-
ers, plus portable space heaters, are
available in the ‘‘Electric Heaters Hand-
book.” This handbook, designed to
meet a broad range of heating require-
ments, also covers self-regulating and
constant-wattage heating cables, con-
nectors and accessories. For customers
who need help in specifying heating
products, this handbook contains a com-
prehensive technical reference guide.

¢ Data acquisition products — The
Omega ‘‘Data Acquisition & Computer
Interface Handbook” offers hundreds of

Omega Engineering

products, from software to complete data
acquisition systems. This invaluable ref-
erence includes an introductory demon-
stration diskette that introduces Ome-
ga’s capabilities in data acquisition
systems. Major sections include data ac-
quisition and engineering software,
communications-based acquisition sys-
tems, plug-in cards, data logging sys-
tems, and industrial process controls. All
pricing, technical data and ordering in-
formation have been included for easy
product selection.

» Temperature products — The Ome-
ga ‘‘“Temperature Measurement Hand-
book’' is the leading source for temper-
ature measurement and control
products. Covering all aspects of tem-
perature measurement and control, eve-
ry product is shown with complete
specifications and pricing. In addition to
advances in infrared and cryogenics,
many new products have been added,
including economical hand-held indica-
tors, intelligent panel meters, controllers,
recorders and data acquisition devices.
An expanded index and more complete
product information makes locating
products faster and easier.

* Pressure, strain and force products
— The Omega ‘“‘Pressure, Strain and
Force Handbook'' has the latest prod-
ucts and solutions for process industry
and laboratory measurement and con-
trol needs. New this year are sections
on state-of-the-art transducers using
sputtered semiconductor technology to
produce superior accuracy and stabili-
ty at bonded strain gauge costs; new
miniature load cells, smaller than a
dime, that will measure up to 1,000
pounds; and helpful technical articles
covering the new commercial scale
codes and basic strain gauge applica-
tions. Expanded selection guides help
speed product selection and make the
handbook easier to use.

¢ Flow and level products — The Ome-
ga ““Flow and Level Handbook™ offers
hundreds of products from purge
rotameters to magnetic flowmeters on
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1 Omega Drive

P.O. Box 4047
Stamford, CT 06907
203-359-1660

Fax: 203-359-7700

up to sophisticated computer data ac-
quisition systems. Some of the new ex-
panded product offerings include all
plastic rotameters and paddlewheel flow
sensors for corrosive and ultrapure li-
quids; low-cost, wafer-style magmeter;
new air-velocity, hand-held and indus-
trial flow switches; portable, clamp-on,
ultrasonic meters for clean liquids; posi-
tive displacement meters for viscous li-
quids; and RF/capacitive level switches
for liquids and solids. A comprehensive

reference guide and expanded techni-
cal articles help make this an invalua-
ble reference.

¢ pH and conductivity products —
The Omega ‘“‘pH and Conductivity
Handbook' offers hundreds of products
from pH electrodes to sophisticated data
acquisition systems. Major product sec-
tions include field service products,
laboratory instrumentation, electrodes
and accessories, industrial control sys-
tems and auxiliary equipment. Some of
the new expanded product offerings in-
clude pH/ORP controllers, micro-
processor-based proportional pH con-
trollers, chemical metering systems,
pH/conductivity meters, dissolved oxy-
gen meters, conductivity and pH trans-
mitters, metering pumps, industrial pH
and loop calibrators.

See our ad on page 1.
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Thomson Consumer Electronics

Distributor and Special Products

2000 Clements Bridge Road
Deptford, NJ 08096-2000

800-257-7946
Fax: 609-853-2231

Two of the most recognizable trade-
marks in the consumer electronics busi-
ness are RCA and GE. Both represent
a long and proud tradition of customer
satisfaction and leading edge technol-
ogy. That tradition is carried on today at
Thomson Consumer Electronics’ Dis-
tributor and Special Products operation
in Deptford, NJ. Offering exact replace-
ment parts for RCA and GE consumer
electronics products is a major part of
the business. Distributor and Special
Products provides parts support to more
than 7,000 authorized RCA and GE
ServiceCenters plus thousands of after-
warranty servicers located throughout
the United States through its extensive
distributor network.

These authorized distributors stock
and maintain inventory levels based on
Thomson’s IMP parts stocking program.
The IMP program identifies the most
commonly used parts and recommends
an adequate stocking level to meet de-
mand. Orders for all items can be placed
via toll-free telephone, fax or by using
the “Instant Access'' system. Distribu-
tors with “Instant Access’ computer
software provided by Thomson can
place orders directly into the system and
check stock, pricing and delivery status.
Distributors can request a Blue Ribbon

or Emergency order and have their or-
ders shipped overnight.

Also, Distributor and Special Products
offers a line of replacement semiconduc-
tors. SK semiconductors replace more
than 217,000 original devices, and the re-
cently published SK Cross Reference
Guide contains a 329-page cross-
reference section to make finding the re-
placement device easy. SK devices cov-
er a variety of discrete devices and in-
tegrated circuits for consumer and
industrial applications. Included in the
SK line are thyristors, transistors, recti-
fiers and optoelectronics microproces-
sors. The new guide also contains ex-
panded specifications in the discrete
devices charts.

In addition to replacement semicon-
ductors, Distributor and Special Prod-
ucts offers rapid delivery of small quan-
tities of semiconductors and discrete
devices produced by major manufactur-
ers. This JEDEC/Generic line includes
products from Harris, Fagor, Internation-
al Rectifier and Powerex.

Another important reference book pro-
duced by Distributor and Special Prod-
ucts is the new VCR Key ltems Cross-
Reference. This comprehensive, 120-
page guide provides the servicer with a
quick reference source of key wear
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items, such as belts, motors, pressure
rollers and headwheels for nine differ-
ent VCR brands: GE, RCA, Hitachi,
Magnavox, Panasonic, Philco, Philips,
Quasar and Sylvania. Listing more than
900 models, the guide contains refer-
ences to 90% of a servicer’s parts needs
for these brands. The VCR Key Items
Cross-Reference provides the servicer
with the Thomson stock number, as well
as a reference number corresponding to
the number shown on the service data
parts list and on the exploded view dia-
gram of the VCR model listed.
Another publication that Distributor
and Special Products offers servicers is
the 1990 edition of the RCA and GE Re-
mote Controls Catalog. This catalog
contains all available direct replacement
remote control hand units for RCA and
GE televisions, video recorders, video-
disc players, camcorders and audio
components. The catalog is divided into
three sections: One section contains
more than 220 photos to aid in identify-
ing the correct remote. The two other
sections contain cross-reference mate-
rial in model number sequence and in
remote type number sequence.
Thomson Consumer Electronics’ Dis-
tributor and Special Products operation
provides service from a 358,000-square-
foot facility with all aspects of the busi-
ness located there — customer service,
sales and marketing, quality assurance,
product analysis, administrative depart-
ments, and warehousing. Some parts
are also stocked in a satellite warehouse
in El Paso, TX. Technical support is
available, as is identification for distribu-
tors who cannot locate this information
in the company’s technical literature,
Other product lines at Distributor and
Special Products include RCA and GE
video accessories, GE audio accesso-
ries, RCA and GE videotape and GE au-
diotape. Picture tubes, surge suppres-
sors, anti-static kits and service aids are
also marketed from this operation. The
business is managed by Dennis D. Ed-
son, general manager. Thomson Con-
sumer Electronics corporate headquar-
ters is in Indianapolis, where several TV
manufacturing facilities are located.



Spending hours locating replacement

1K9116

At Thomson Consumer Electronics, we’ve written four
best sellers covering replacement semiconductors and parts.

VCR Key Items Cross-Reference.
READ this to locate the RCA &

GE replacement part numbers for over
90% of the parts most frequently used
in over 900 VCR models. 1deal for
one-stop shopping. Less hassle, too,
since the reference is set up by the
manufacturer and the model number.

SK Series Solid State Replacement
Guide.

READ this to find data on over
3,000 items which replace over
217,000 solid state devices through
cross-reference; also included, many
replacements for discontinued items
and those devices not readily available

Remote Control Catalog.
READ this for all RCA & GE TV,
VCR and audio models using remote

controls, catalog includes photo refer-
ence and multiple cross-reference

Manufacturer’s Identification
Microfiche.
READ this to locate the RCA &
GE stock number when your only
source is the original manufacturer’s
number; eliminates the need to refer
to service data for stock numbers

semiconductors and parts?

o= e trome T
I CA ST Lvaria ]
[} ]
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t ]
] ]
] [}
: ncn 3 :
: i
]
}  Here’s $5 to cover postage and handling for all four books. E
[}
: Name — :
; Tile - |
[}
: Firm :
1
! Address (No PO. box) :
; City State Zip ‘
|
i Phone Besttimetocall ____am____pm :
]
[} ]
: Thomson Consumer Electronics, Inc. :
: ::;2;; Distributor and Special Products T :
I 4 |
| SKG202F 2000 Clements Bridge Road, Deptford, N 08096-2088 5CB486 |
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MAT Electronics

975 Jaymore Road

Southampton, PA 18966

800-628-1118
Fax: 215-364-8554

DNV A AP ANFANSL S

o,
“SPRING CATALOG" !
/‘],N MATEECTRONICS 1990 $

1-800-628- 1118
Locsl 215.364.7667
FAX 2153848554

I :amn:;/::aozn "’

0.0 Orows Accopued

VCR PARTS

SANYO FISHER RF Modulators 4-1164-031600
TOSHIBA RF Modulator MSU-911/MSU-951

SHARP Idler Replacement NIDL0O006

FISHER Idler Replacement 143-0-4204-00400

RCA Idler Original 164113

RCA Loading Belts 157061 or 157062
FISHER Loading Belt 143-2-7504-01000
RCA End Sensor 161757

GOLDSTAR Samsung Photo Interupter

FISHER Loading Motor 4-5254-00331
FISHER Motor Pulleys FMP-1

10/For 8.50
10/For 8.50

Chamois Cleaning Swabs (10 per pack) 144589

MAT Electronics is a full-line parts dis-
tributor that gears its inventory to the TV,
VCR and stereo repair industry. The
company’s parts are used by techni-
cians, engineers, trade schools, hob-
byists and manufacturers.

MAT Electronics stocks an extensive
line of replacement accessories as well
as one of the largest selections of semi-
conductors in the nation.

The company publishes an easy-to-
read, 32-page catalog with thousands of
items, all of which are inventoried in the
company’s computer, enabling cus-
tomers to check availability within
seconds.

With its huge overseas imports, as
well as domestic sources for compo-
nents, the company is always current
with the industry — always emphasiz-
ing what is new in electronics compo-
nents — for VCRs, TVs and stereos.

$17.95 Ea. | Sharp Flyback
17.95 Ea. | Sharp Flyback
2.99 Ea. | Sharp Flyback
3.99 Ea. | Sharp Flyback

3.25 Ea. | Sharp Flyback
Samsung Flyback

Samsung Flyback

10/For 8.50 | Emerson Flyback
1.99 Ea. | Emerson Flyback
2.50 Ea. | Panasonic Flyback
11.95 Ea. | Goldstar Flyback
10/For 7.50 | Goldstar Flyback

POPULAR REPLACEMENT FLYBACKS

MAT Electronics takes great pride in
its ability to accommodate the varied
needs of all of its customers. The com-
pany normally ships within 24 hours of
your order; however, it offers UPS red
and blue labels to ensure even faster
delivery service if it is needed.

The company has friendly and knowl-
edgeable telephone operators waiting to
take your phone call and courteously
deal with any questions you may have
about any electronic part — even if you
don't see it in the catalog, ask for it!

MAT Electronics knows that there are
certain risks involved in mail-ordering
certain components, and that is why the
company guarantees 100% of all prod-
ucts for 90 days from purchase date. Vol-
ume discounts are always available. The
company’s toll-free lines are open now
and waiting for your phone call. Just call
800-628-1118.

v

F0009G $19.95 Ea.
F0003G 19.95 Ea.
F0014 19.95 Ea.
F0015 ¢ 19.95 Ea.
F0016 Ao~ 19.95 Ea.
FCC1415AL |/ -f»“j) 19.95 Ea.
FCC2015AL || 19.95 Ea.
3214003 L 22.50 Ea.
3214008 22.50 Ea.
TLF14530F 24.95 Ea.
154-040A 19.95 Ea.
154-074E 19.95 Ea.

POPULAR CAPACITORS

4.7MFD/250 Volts Radial
10MFD/350 Volts Radial
100MFD/63 Volts Radial
100MFD/100 Volts Radial
100MFD/200 Volts Radial

470 MFD/200 Volts Snap-In

560 MFD/200 Volts Snap-In I
680MFD/200 Volts Snap-In
820MFD/200 Volts Snap-In
1000MFD/200 Volts Snap-In

20 For $11.00 | 2SC1308PK Original Sanyo 10 For $19.90
10 For 7.50 | 2SD869 Original Toshiba 10 For 19.90
20 For 10.00 | 2SD1398 Original Sanyo F} 10 For 19.90
10 For 10.00 2SD1453 Original Hitachi —— 10 For 19.90
10 For 10.00 | 2SD1427 Original Sanyo 10 For 25.00

5 For 9.95 | STK0080 Original Sanken 16.95 Ea.
5 For 12.00 | STK4273 Original Sanken (10 min) 9.95 Ea.
5 For 12.50 | STK5482 Original Sanken 9.95 Ea.
5 For 12.50 | STK563F Original Sanken 10.50 Ea.
5 for 12.50 | STR3115 Original Sanken 4.95 Ea.

POPULAR SEMICONDUCTORS

CALL TOLL FREE: 1-800-628-1118
in U.S. and Canada

FAX #1-215-364-8554
Call for our Free Catalog!!
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MRATECrrONICE

975 Jaymor Rd.
Southampton, PA 18966
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* * * DISTRIBUTORS' SHOWCASE * * *
MCM Electronics

MCM Electronics is a company of
dedicated peopie committed to offering
only the best electronic parts, compo-
nents and service to the customer.

Because needs in the electronics in-
dustry are constantly changing, MCM
Electronics continually and thoroughly
researches the market and reacts to the
market’s changing needs. MCM is con-
stantly in touch with national and inter-
national manufacturers to bring the com-
monly used and the hard-to-find
products to its customers. In fact, more
than 500 new items were introduced in
the latest catalog.

The sales/customer service depart-
ment has been thoroughly trained to an-
swer all calls on the toll-free lines
promptly and efficiently. These
representatives are professionals who
can provide immediate information on
stock availability and pricing. They are
available 7 a.m. to 8 p.m. (EST) Monday
through Friday, and 9 a.m. to 5 p.m.
(EST) Saturday. Orders can also be
placed after hours with a national toll-
free number, ensuring service 24 hours
a day, seven days a week. Technical
questions about a particular product can
be answered by MCM'’s highly trained
electronics technicians, who are avail-
able to provide the answers customers
need.

“backorder bug?”

650 CONGRESS PARK DR

S

A PREMIER Company

ERASIE YOUR
PROBLEMS

MCM ELECTRONICS  +»
HAS THE ANSWERS E

Having trouble finding the electronic parts and components you '
need? Finding it impossible to get answers to order status inquiries
or technical questions? Been bitten once too often by the

Then it’s time you look to MCM Electronics for. ..
selection of more than 15,000 in-stock items ll Competitive
prices that boost your profits ll Convenient TOLL-FREE
customer service and order hotlines Bl Virtually no backorders!

Ask for your FREE MCM Electronics Catalog today. When
it arrives. place an order and find out how thousands of satisfied
customers have erased their problems by turmning to MCM for all
their electronic parts and components needs.

FOR YOUR FREE ONE-YEAR SUBSCRIPTION
TO THE MCM ELECTRONICS CATALOG...
CALL TOLL-FREE 1-800-543-4330 I

650 Congress Park Drive
Centerville, OH 45459-4072

The company’s Distribution Center
houses an enormous inventory of parts
and components. Every order is pulled
and double-checked to strive for timely
and error-free shipment. Because more
than 15,000 items in the catalog are in-
stock and ready for shipment, orders are
shipped within 24 hours.

Even though most orders are shipped
by UPS, MCM offers a broad range of
shipping options. Customers can estab-
lish Net 30 accounts or have their orders
shipped C.0.D., charged to MasterCard
or Visa, prepaid or picked up at the Dis-
tribution Center’s Will Call area. There
is a $20 minimum for MasterCard and
Visa orders.

N

M A huge

MCM ELECTRONICS

CENTERVILLE. OH 45459-4072
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800-545-4330
Fax: 513-434-6959

For more information and a free cata-
log subscription, call 800-543-4330. (In
Canada, call 800-824-9491; in Dayton,
OH, cail 513-434-0031.)

SOURCE NO. ES-51
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Parts Express

340 E. First St.
Dayton, OH 45402
800-338-0531

Fax: 513-222-4644

Parts Express, a full-line distributor of
electronics parts and accessories, is
geared toward the consumer electron-
ics repair industry, manufacturing de-
sign and engineering, and the technical
hobbyist. The company stocks an exten-
sive line of speaker drivers and acces-
sories for replacement, plus one of the
largest selections of semiconductors in
the country. The company offers a free
100-page catalog, listing more than
5,000 popular items, and its extensive
computer inventory-control system al-
lows it to monitor each item and ensure
that it is in stock when you need it.

With overseas and domestic sources
for parts and an aggressive new-product
research team, Parts Express keeps in
touch with the needs of the industry. The
company can supply replacement parts
for the newest TVs, VCRs and stereos
as those products are introduced to the
market, and it can special-order non-
stocked items for volume users.

The company prides itself on being

CALL TOLL FREE 1-800-338-0531

flexible, and it makes every effort to ac-
commodate special requests. The com-
pany normally ships within 24 hours,
and most orders received before 1 p.m.
EST are shipped the same day. Unlike
some companies, Parts Express’ serv-
ice doesn't stop there. The company un-
derstands that you aren’t always sure
what you're getting when you order from
a catalog, so it has taken the risk factor
out of mail-order. If you are not satisfied
with any item you’'ve purchased, you
can return it within 15 days for a refund.
No questions asked, no restocking fee.

Parts Express can offer a money-back
guarantee because it doesn’t think you'll
have to use it. On-staff, quality-control
technicians extensively test and evalu-
ate products before adding them to
stock. The company won't sell any item
that its technicians wouldn’t use them-
selves.

Call Parts Express at 800-338-0531 for
your free issue of the 1990 catalog.

Express

International Ing

>

A

YOUR #1 WITH US
1-800-338-0531

ES)ISTRIBUTIQN...
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FREE CATALOG AVAILABLE

SALES... Our friendly and knowledgeable sales staff is ready to take your order and answer any questions you may have about
our products.

DISTRIBUTION... Our computerized inventory allows us to process your order quickly and efficiently. We offer 24 hour shipping
and most orders placed before 1:00 pm are shipped the same day.

WAREHOUSE... With over 5,000 line items in stock you can be sure that we'll have the part you need on hane to fill your order.
And all of our parts are backed by an unconditional 15 day, money back guarantee.

Parts Express Int'l. Inc. 340 E First St. Dayton OH 45402  Fax: 513-222-4644 Local: 513-222-0173
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* * * DISTRIBUTORS’ SHOWCASE * * *

Herman Electronics is a diverse, full-
line distributor of everything in electron-
ics. Qver the past 40 years, the compa-
ny has acquired many major lines in or-
der to provide better service to all
phases of the electronics industry.

Herman Electronics’ product base
varies from transistors to satellite anten-
na systems, including all types of bat-
teries; audio, video and telephone ac-
cessories; cable; connectors; capaci-
tors; semiconductors; test equipment;
speakers; tools; transformers; line con-
ditioners; relays; antennas; chemicals;
audiotape and videotape.

The parts department, at the heart of
the business, has several sales
representatives to serve your needs
from 6:30 a.m. to 5:30 p.m. (EST) Mon-
day through Friday and from 6:30 a.m.
to 12:30 p.m. (EST) Saturday. Whether
your request is for pricing, stock availa-
bility or research, the company's toll-free
lines and 24-hour fax lines are readily
available to fulfill all of your requests.
Herman Electronics uses a state-of-the-
art parts distribution computer system,
enabling the sales representatives to
provide efficient, effective and profes-
sional service and to assure that the part
is in stock when you need it.

Herman

Herman Electronics is a factory-
authorized, original replacement parts
distributor for Sony, General Electric,
Quasar, Samsung, Panasonic, Technics
and RCA, catering to the consumer and
industrial parts clientele. Stocking one
of the largest and most comprehensive
inventories, the company fills approxi-
mately 80% of its orders out of its 12,000
stocking items. All in-stock orders placed
before 1 p.m. (EST) are shipped the
same day — guaranteed.

The company has always prided itself
on being flexible and accommodating to
its customers’ requests. ‘‘We realize that
there are many good distributors
throughout the country,” says Jeffrey A.
Wolf, national sales manager and son
of one of the company founders. “It is
our job to be better by taking that extra
step in giving our customers profession-
al, personalized service. Our industry
has clearly become predominantly
service-oriented; therefore, we are com-
mitted and dedicated to maintaining a
standard of excellence in servicing our
clientele.”

The company provides several key
fringe benefits that makes its service
and customer satisfaction one of the

Electronics

1365 N.W. 23rd St.
Miami, FL 33142
800-327-8378

Fax: 305-634-6247

best in the business. Herman ships all
out-of-state orders UPS second-day at
no extra charge to the customer. In-
dividual computerized monthly back-
order reports are provided upon request,
and the company makes its toll-free
lines available for research requests.
Herman basically does whatever it takes
to achieve ultimate customer satisfac-
tion.

Herman Electronics also offers sever-
al shipping alternatives, including over-
night service and drop shipments. The
company offers customers many pay-
ment options, including a Net 30 open
account (based on credit approval),
MasterCard, Visa, American Express or
C.0.D. The company has a $15 minimum
order.

Call Herman Electronics toll-free at
800-327-8378 (in Florida, 800-432-4357)
and see how the company is constantly
working harder to serve you better.

—rn ey

inventories in the nation

2:00 PM EST. Guaranteed!

(PR A —
Now, more than ever, the service industry is turning to Herman Electronics to fulffill

 Stocking one of the largest and most comprehensive
consumer and industrial parts and accessory

» All in-stock orders shipped same day if placed before

All their electronics needs.

Why? SERVICE!

Your factory authorized original replacement parts source for:

SONY.
RGA

» Technical assistance at your fingertips

& SANMISUNG

» Two-day service at NO additional cost to you

+ Personal, efficient and experienced sales
representatives standing by to serve your every need

All of this is one Toll-Free call away 800-327-8378. Florida only: 800-432-4357. Fax: 305-634-6247.

Call now and see that at Herman Electronics, your complete satisfaction is Priority 1!
1365 N.W. 23rd Street » Miami, FL 33142

GENERAL ‘ ELECTRIC
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New
mother-
boards

and
chassis.

PTS has hundreds of motherboards /chassis available
for immediate exchange. Plus, PTS has factory-troined
technicians for quality, complete motherboard, chassis,
electronic tuners and tuner clusters remanufacturin
service. Exact replacement motherboards /chassis ?rom
PTS meet or exceed industry standards. These are just
a few of the hundreds of motherboards /chassis avail-
able from PTS!

Magnavox
APWO02
A100026
EMHT03
Zenith
9-470
9-516
9-770
9-592
RCA
(1C145
aa49
(10136

Depend on PTS for sovings, speed and quality!
Order direct and save!

1-800-333-PTS-1

To order - of for the servicenter or distributor nearest
you - coll today!

EP93X535
EP93X488
EP93X631

< FREE PRODUCT
GUIDE!
Call today for your FREE
copy of the PTS Catalog
and Parts Reference
Guide! Comprehensive
listing of the world's
largest inventory of TV
modules, motherboards
L tuners, thousands of
exact replacement ports
Plus new sections on
. VCR parts and service,
new products, rebuilding

services, and more!

PTS Corporate Headquarters
P.0. Box 272, Bloomington, IN 47402
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PTS

5233 S. Hwy. 37
Bloomington, IN 47401
800-333-PTS-1

Fax: 812-824-2848

PTS is the world’s largest indepen-
dent supptier of exact replacement parts
for all makes and models of TVs and
VCRs.

Exact is the key word. The company
takes pride in its expansive inventory:
literally thousands of TV modules and
tuners, as well as VCR heads, idler as-
semblies and belt kits. Standards are
precise and exacting. All parts meet or
exceed manufacturers’ specifications.

Ordering from PTS is easy and quick.
There’s a toll-free number (800-333-PTS-
1) for placing orders, and turnaround
time is swift. Orders received before 2
p.m. are shipped the same day. Cus-
tomers who request shipment via Fed-
eral Express pay as little as $2 more
than UPS surface rates. That ensures
next-day delivery to your place of busi-
ness. PTS also accepts Visa and
MasterCard.

There’s another cost advantage. “‘Our
prices represent savings of up to 40%
from manufacturers’ list prices,’ says
Jeff Hamilton, executive vice president.
*“We believe that our easy ordering and
quick delivery system, the precision
quality of our parts and modules and our
pricing structure make PTS really the
only choice when it comes to repair
parts and modules for consumer elec-
tronics.”

PTS stands behind what it sells. Phil
Collier, Bloomington plant manager,
says, “Every item in our inventory is
guaranteed to be an exact replacement
and is covered by the best warranty in
the business.”

The PTS inventory is so vast that back
orders for most parts are virtually un-
heard of. ‘‘We know you need parts in
a hurry, and we are committed to filling
your order immediately,” says Collier.
Helping to meet that commitment are
the professionally trained PTS custom-
er service representatives and a nation-
wide network of stocking distributors.
When you request a part, they know
what you're talking about.

But PTS is not just a company of
order-takers. Engineers and factory-
trained technicians make up a great por-
tion of the staff. It is they who monitor
the quality-control standards demanded
by thousands of professionals nation-
wide who order from PTS.

PTS also offers remanufacturing and
repair services. Television tuners and
modules are restored to original condi-
tion quickly and efficiently. On those rare
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occasions when a module is out of
stock, the PTS technical staff will rebuild
the defective part.

A new component of the PTS busi-
ness is a complete remanufacturing
service for computer disk drives and
computer monitors. This work is guaran-
teed to meet or exceed manufacturers’
specifications. Precision quality is
demanded in all of PTS’ varied opera-
tions. Other rebuilding services include
TVRO equipment, VCRs, camcorders
and appliance touch-control panels.

This repair/remanufacturing aspect of
PTS is a rapidly growing part of the com-
pany’s business. But the company has
built its reputation on providing service
technicians with all makes and models
of quality, exact replacement parts for
TV repair with overnight service.

Nancy Stewart, customer service
representative, says, ‘‘We have worked
extremely hard to establish the kind of
a replacement-parts service that the in-
dustry can rely on and believe in. That's
why we have been so intent on develop-
ing this company into what we call the
‘world’s largest independent supplier of
exact replacement parts.”’

The response to the toll-free number
has exceeded the company’s expecta-
tions. *“It's been fantastic,” Stewart says,
adding, ‘“We’re pleased to know that
PTS products are in such great demand
and that our parts are held in such high
esteem by the nation’s consumer elec-
tronics service stations.”

PTS has had a phenomenal growth in
the 20 years since its founding in a con-
verted garage in Bloomington, IN. From
that humble beginning, it has expand-
ed to a network of computerized ware-
houses, state-of-the-art manufacturing
facilities for the repair and remanufac-
turing processes, and a modern, well-
equipped office where orders are taken
and processed. The company now em-
ploys 550 people.

PTS operates product and service out-
lets at other strategically located sites in
Tampa and Sarasota, FL; Arvada, CO;
Longview, TX; Cherokee, NC; Fenton,
MI; Fife, WA; Schenectady, NY; Ventura,
CA; and West Columbia, SC.

Thus, the PTS system of exact re-
placement parts is readily accessible to
electronics service professionals from
coast to coast. Call between 8 a.m. and
5 p.m. (EST) Monday through Friday and
from 8 a.m. to noon Saturday.
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Product safety should be considered when
component replacement is made in any area
of a receiver. Components marked with a !
and shaded areas of the schematic diagram
designate sites where safety is of special sig-
nificance. It is recommended that only exact
cataloged parts be used for replacement of
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these components.

Use of substitute replacement parts that do
not have the same safety characteristics as
recommended in factory service information
may create shock, fire, excessive x-radiation
or other hazards.

This schematic is for the use of qualified tech-
nicians only. This instrument contains no
user-serviceable parts.

The other portions of this schematic may be
found on other Profax pages.
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Fluke offers courses

To help familiarize customers with the
operation and applied use of Fluke and
Philips hardware and software. John
Fluke Mfg. will offer a series of gener-
al technology workshops and product-
specific training courses in 19 U.S. and
Canadian cities.

Classes run from two to 10 days. For
more information, contact Fluke at P.O.
Box 9090. Everett, WA 98206 or call
customer support services, 800-443-
5853. ext. 73 (in Canada, call 416-
890-7600).

EIA offers VCR workshops

The Electronics Industries Associa-
tion (EIA) is offering free hands-on
workshops for basic VCR servicing.
These week-long workshops are con-
ducted by ElA-trained instructors. Tech-
nicians must be employed in private in-
dustry by consumer electronics sales
and/or service organizations. Requests
must be on company letterhead and
mailed to Product Services, EIA/CEG,
2001 Eye St. N.W., Washington, DC
20006.

Video Technical Institute
Irving, TX

June 18-22

Sept. 10-14
Tampa Technical Institute
Tampa, FL

July 16-20

Nov. 12-16
Illinois Technical College
Chicago

April 30-May 4

Aug. 27-31
Video Technical Institute
Los Angeles

April 30-May 4

July 30-Aug. 3

Oct. I-5

EIA hosts standards meeting

The standardization of home automa-
tion and other information technology
interfaces will be the focus of an inter-
national standards meeting held in Las
Vegas following the January 1991 Inter-
national Winter Consumer Electronics
Show. Approximately 100 delegates
from across the United States, Europe
and Japan are expected to attend the
meeting, hosted by the Electronics In-
dustries Association (EIA).

For more information, contact the
EIA at 2001 Eye St. N.W., Washington,
DC 20006, 202-457-4919. ]
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Continued from page 14.

only in long-distance telecommunica-
tions, but within local area nctworks
(LANSs). In some cases, high-frequency
signals are routed within instruments via
fiber-optic cables because optical cables
don't generate electrical or magnetic
radiation and are not susceptible to this
radiation.

Fiber optics also are generally physi-
cally smaller than their electrical coun-
terparts. As frequency response of op-
tical components continue to improve,
so will the popularity of fiber optics.

Observing and measuring signals in
fiber-optic cables requires a special in-
terface or an optical, rather than elec-
trical, input connector. Future scopes
may have optical input connectors built
in.

Another feature of tuture scopes will
be the capability to share information
over long distances. Troubleshooting in
the field will get easier because the serv-
ice technician will be able to send and
receive wavelorms over long-distance
phone lines.

In many cases. a waveform is a *‘sig-
nature” of a specitic failure mode, and
a large database of these failure-mode
signatures can be stored on a central
computer system tor all service techni-
cians to use for comparison.

It used to be that new technology was
concentrated in product design areas.
Today, and into tomorrow, the tocus is
high-technology manufacturing. For ex-
ample, more production lines will be
controlled by computers linked 10
sophisticated sensors.

Already, the automotive industry
makes cxtensive use of robotics. Au-
tomobile manutacturing also takes ad-
vantage of sophisticated laser optics for
quality-control measurements.

Mass transportation technologies,
such as linear-motor trains, continue to
emerge. Control of these systems is ex-
tremely complex.

Many of today’s commonplace hospi-
tal diagnostic equipment didn't even ex-
ist 10 years ago. This trend is sure to
continue, with state-of-the-art clectron-
ics in hospitals and doctors’ offices.

Home entertainment electronics now
comes in sophisticated systems, rather
than discrete, non-related components.
The trend continues at an increasing
rate, especially with the advent of CDs,
VCRs and HDTV.

These are just a few examples of high-
technology electronics in what used to
be cither non-electronic or low-
technology areas. Today's home can
have a dozen or more microprocessors

in it, plus three or four more in the fam-
ily automobile. Anyone who services
anything will probably need some sort
of diagnostic tool for microprocessor-
controlled electronics in the future.
Many of these tools will be DSOs.

With all of this new technology com-
ing, better trained engineers and tech-
nicians are needed. Unfortunately, state-
of-the-art test equipment is expensive,
and schools always operate on shoe-
string budgets. To help close the train-
ing gap, many companies are getting
more involved with engineering and
technical schools by donating test
equipment.

Once real-world, up-to-date test
equipment, such as DSOs, are more
readily available, new engineers and
technicians will spend less time learn-
ing how to use their tools and more time
improving their skills.

On-the-job training time also will
continue to increase. Already, there is
a trend toward much longer on-the-job
training cycles for service technicians.
This is most evident with high-tech
products.

Becoming properly trained for the job
will mean learning the products to be
serviced, the tools o service them, and
the methods for using the tools. Serv-
ice technicians must not retuse to up-
date their servicing methods.

The scope of tomorrow

As you've probably guessed by now,
the oscilloscope of tomorrow will be a
digital scope. In some ways, it will be
an extension of today's digital scope:
more intelligence, more memory, more
capability, more ms/$, more powertul
and more portable.

We've seen a tremendous increase in
MICTOProcessor computing power just in
the past few years. That computing abil-
ity will increase in ability and speed. be-
come cheaper, and consume less pow-
er in the future. Digital scopes will
benefit greatly. Complex measurement
and analysis of stored waveforms will be
possible with even low-cost DSOs.

There will be more measurements
and there will be more waveforms to
measure. Memory cost-per-bit will con-
tinue to fall dramatically. Low-power,
non-volatile memories will be common-
place in all portable digital oscillo-
scopes.

Test electronics will be much ditfer-
ent than those in use today. Many of to-
day’s troubleshooting tools will be
replaced by a single. intelligent DSO
used by a highly trained protessional to
help properly diagnose the high-tech
world of tomorrow. a
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Books

Troubleshooting and Repairing
Solid-State TVs, by Homer 1..
Davidson; TAB Books; 453 pages;
$17.95, paperback.

This book includes case studies, trou-
bleshooting photos and circuit diagrams
to teach methods of repairing solid-state
TV circuitry from the major manutac-
turers. It describes warning symptoms
of various problems and indicates the
circuits and components to check out.
Problems covered include faulty remote
controls; defective high- or low-voliage
power supplies; defective horizontal
sweep circuils. turners, transistors and
color processors; and brightness and
picture-tube problems.

TAB Books. Blue Ridge Summit. PA 17294-0850;
800-822-8138.

Operational Amplifiers:
Applications, Troubleshooting and
Design; Prentice Hall; 345+ pages.
This book helps you understand the
use of op-amps, how 1o select them for
particular applications. and how to cal-
culate the values of components that
must be connected externally. The book
describes the basic op-amp amplifier
circuit and the 741 op-amp.
Prentice Hall, Englewood Clitfs. NJ 07632.

Electricity and Electronics, A
Survey, 2nd edition; by Dale R.
Patrick and Stephen W. Fardo;
Prentice Hall; 560 pages.

A systems approach with very little
math is used to discuss the basics of
electronics, applications, testing proce-
dures and operational aspects of equip-
ment and devices. Detinitions of terms
and a review section with questions and
answers are included with each chapter.
Prentice Hall, Englewood Cliffs. NJ 07632.

Electronic Devices: Discrete and
Integrated; by Stephen R.
Fleeman; Prentice Hall; 939 pages.
This book is targeted to give an un-
derstanding of analog, digital, micro-
processor and control system fundamen-
tals. Material is detailed enough for
analysis and design of practical circuits,
and background information to under-
stand how, why and when techniques
should be used are stressed. Other
topics covered include solid-state phys-
ics, the p-n junction and diodes, BJTs,
FETs, amplifier models and power
amps, negative feedback, dc power sup-
plies, and discrete and integrated oscil-
lator circuits.
Prentice Hall, Englewood Cliffs. N 07632.



Test your
electronics knowledge

By Sam Wilson, CET

In this issue, a combination of
word finding and vocabulary is used
to test your electronics knowledge.
If you don't want to take the time to
hunt answers to the clue words out
of the letter matrix, jot them down
and check your answers against the

2. Method of turning off one SCR
with another SCR.

3. Gas tube equivalent of an SCR.
4. Gas tube equivalent of a 3-layer
diode.

S. The intrinsic standoff ratio is set
by the manufacturer.
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answers on page 47.

The subject in this issue is thyris-
tors and power amplifiers. Give the
word that is defined in the clues.
Find those words in the letter matrix,
or go directly to the answers. Words
in the letter matrix can be up and
down, backward and forward or di-
agonal.

Clues
Has high current gain and rela-
uvely high voltage gain.

\Vlson is the electronics thcory consultant for ES&T.

6. Another name for a 4-layer diode.
7. Another name for a 3-layer diode.
8. An SCR that is triggered by a gate
voltage rather than a gate current.

9. Has the same characteristic as a
back-to-back SCR.

10. Power supply protective circuit,
usually made with an SCR.

11. Prevents triggering of an SCR by
transient input voltages.

12. Has two gates and can be turned
on or off by gate signals.

Answers are on page 47.
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Cable

Go ahead, examine
them closely. Pomona has the
best tips around. From an
SMD Grabber™ test clip to a
BNC Coax connector, choose
hoth ends just the way you
want them.

The Best Quality
You Can Buy. From the
wire or cable to the tip vou
want—like gold plated con-
tacts, berylium copper springs,
swaged banana plugs, and
molded on stress relief.
And, here’s the best tip yet:
Pomona’s cable assemblies
will give you many years of
dependable contact.

See vour nearest Autho
rized Pomona Distributor,
or contact
POMONA ELECTRONICS
1500 E. Ninth St.
PO. Box 2767
Pomona, CA 91769
(714) 623-3463
FAX (714) 629-3317

FREE
1990 CATALOG!
Thousands of lest solutions
and accessortes in this new,
138-page bandbook of quality
products It's Free! Call or
write today.
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Thyristors from A to Z

Part Il: SCRs, diacs and Shockley diodes

In Part I, we became acquainted with
the properties of SCRs in dc circuits.
Let’s now focus our attention on SCRs
in ac circuitry, where the thyristor's abil-
ity to rectify is put to good use. After
all, it's called a silicon controlled recti-
fier, isn't it?

Rectifier action

We'll start with a simple circuit, that
of a static-switch (line-gated), half-wave
rectitier. (See Figure 1.)

With Sl open, as in Figure la, no gate
current can tlow; therefore, the SCR re-
mains in the off state and no current
flows through the load.

Next, let’s close SI and assume that
line A is positive at this time. (See Fig-
ure 1b.) Gate current now flows from
line B into the cathode, out of the gate.

Huncault is a;eleclmnics ihsln_lmor and hc;d of lﬁc REE
department at $t. Clair College of Applied Arts & Tech-
nology in Ontario. Canada.

By Bert Huneault, CET

This article is part two in a series of
articles on thyristors. In this part, we
will focus on diacs and Shockley diodes.
In Part 1ll, we'll look at unijunction
transistors.

through D1, R,, SI and the load to posi-
tive line A. Although limited by R,, this
gate current is sufficient to fire the SCR
Just after the beginning of the ac cycle,
effectively closing the cathode-to-anode
circuit of the thyristor for virtually the
tull 180° of the input voltage's positive
alternation. This accomplishes two
things: First. the load becomes ener-
gized because heavy current now tlows
trom line B, through the SCR and the
load to positive line A; second, because
the conducting SCR's anode voltage
drops down to 1V or so (in relation to
common line B), gate current is auto-
matically reduced to a negligible
amount during the remaining portion of
the positive alternation of line voltage.

|

line A positive again, the SCR triggers
back on (as long as Sl is still closed).
Thus we get half-wave current through
the load. The latter could be a dc mo-
tor or a heating element, for example.

Now let’s open Sl. If the SCR is al-
ready conducting at that instant, it con-
tinues to conduct (remains latched on
until the end of the positive alternation
in progress at the time). It then shuts
down and the load is de-cnergized. Sub-

| sequent positive alternations of line volt-

Recall that gate current is no longer |

nceded once the SCR latches on.
When the line voltage reverses in

polarity, the SCR reverts back 10 its non-

conducting state. Half a cycle later, with

age do not re-energize the load because
gate current — necessary to trigger the
SCR back on each time — cannot flow
with S1 open.

Incidentally, diode DI is simply there
to protect the SCR during negative cx-
cursions of line voltage. SCRs typical-
ly have a peak reverse gate voltage rat-
ing of only a few volts (e.g., 5V). The
gate-to-cathode junction would therefore
break down if it weren't protected by the

A A~
LOAD

T
‘Qv_ 120V
60Hz R, 01
B

FIGURE 1A

SCR1

A
+ LOAD

AV

120v
60Hz

B
FIGURE 1B

AAA__
LOAD

120V
60Hz

S1
4_:/%

D1

Figure 1. In this static-switch (line-gated), half-wave rectitier, when S1 is open, as in Figure

1a, no gate current can flow. The SCR remains in
the load. When S1 is closed and line A is positive
SCR and effectively closing the cathode-to-anode

the off state and no current flows through
(Figure 1b), gate current flows, firing the
circuit of the thyristor for virtually the full

180° of the input voltage’s positive alternation.
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Figure 2. In high-power circuits, switch S1
would be a troublemaker because of intense
arcing each time its contacts open and close.
In a static-switch, half-wave rectifier, S1 does
not interrupt the main load current.



series diode. A small silicon diode with
a PRV rating of 200V or 400V is all
that’s necessary to prevent reverse gate
current even during the peak of nega-
tive line voltage.

What’s the point?

OK, so we've seen how this static-
switch, half-wave rectifier works. But
isn't that circuit some kind of overkill?
Couldn't we achieve the same results
with just a simple half-wave rectifier di-
ade, as in Figure 2?7 After all, the SCR
doesn’t have the ability to conirol the
amount of current flowing through the
load in Figure 1. SI can only switch the
SCR on or off. As long as Sl is closed,
the full amount of half-wave current (de-
termined by Ohm’s law) flows during
each cycle. S1 can do the same in Fig-
ure 2, so why bother with Figure 1?

The answer lies in the switch itself
(S1). In low-power circuits it really
wouldn't matter; therefore, the lower-
cost circuit in Figure 2 would be in or-
der. But in high-power circuits (with
loads of hundreds of amps). switch Sl
would be a troublemaker in Figure 2 be-
cause of intense arcing each time its
contacts open and close. The large, cost-
ly switch would require frequent main-
tenance and/or replacement. In Figure
1, on the other hand, S1 does not inter-
rupt the main load current; it only
switches milliamps of gate current and
should, therefore, enjoy long, trouble-
free service.

So you can see that the SCR, in ef-
fect, is a fast, solid-state relay featuring

APPLIED
VOLTAGE

TIME

Bt

o +

Y

LOAD
CURRENT

e —————

L

LOAD
CURRENT

D
©
c
D
m
w
N

LOAD
CURRENT

1
t
1
'
]
]
1
i
]
1
[l
]
]
1
]
b
[}
:
L]
[}
~

FIGURE 3D

Figure 3. Varying the duty cycle of the SCR controls the average value of anode current.
If a trigger pulse of ac voltage is applied so that the SCR is allowed to fire at time t1, the
thyristor conducts for the entire duration of the positive alternations, resulting in a maximum
value of average load current (Figure 3b). If the trigger pulse is delayed until time t2, there
will be a shorter conduction period, reducing the average value of load current (Figure 3c).
Delaying the trigger voltage until time t3 causes a further reduction in duty cycle and a cor-
responding reduction in average load current (Figure 3d).
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AAA
LOAD

120Vac g

R1
INPUT D1
R2

Figure 4. A variable-resistance circuit con-
trols the firing angle from approximately 0°
to 90°. If R2 is adjusted for maximum resis-
tance, gate current may never be sufficient
to turn on the SCR; thus the load is turned
off. As R2’s resistance is decreased, gate cur-
rent eventually reaches sufficient amplitude
to trigger the SCR.

no moving parts and suffering from no
contact bounce, no arcing, no pitted
contacts. And it needs only a small
amount of control power (gate current)

to switch loads of hundreds or thousands |

of watts. Not a bad widget, huh?

Controlling average load current

In this section, we'll investigate an im-
portant advantage of the SCR: It is a
controlled rectifier. The gate provides
the means of adjusting the current
smoothly over the full range from zero
to the highest amount that can flow
through the load.

Recall that once the SCR has fired,
its gate has no control over the anode

APPLIED
VOLTAGE +
0

TIME

GATE

CURRENT
0

LOAD
CURRENT
0

Y. SN

FIGURE 5A

APPLIED 0

TIME

VOLTAGE 1

GATE

t2

CURRENT o
105°

LOAD

CURRENT © }

—.E75° =

FIGURE 5B

75°

Figure 5. In Figure 5a, a relatively high amplitude of gate current causes the triggering level
(1,:) to be reached at time t1, at a phase angle of about 15°, resulting in about 165° degrees
of conduction in each cycle and a fairly high value of average load current. In Figure 5b,
the amplitude of gate current has been reduced by increasing the resistance of R2. The
gate current doesn't reach the triggering level until time t2, which results in a firing angle
of about 75° degrees (conduction angle of 105°) and a lower value of average load current.
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current. It's obvious that the thyristor
cannot vary the amount of current flow-
ing through the load during the rest of
the ac cycle. However, the gate voltage
can determine whether anode current

| tlows at any particular moment.

For example, if a trigger pulse of ac
voltage is applied to the gate in such a
way that the SCR is allowed to fire at
the beginning of each positive half-cycle
of input voltage (at time tl in Figure 3),
the thyristor conducts for the entire du-
ration of the positive alternations, result-
ing in a maximum value of average load
current. (See Figure 3b.)

On the other hand, if we delay the ap-
plication of ac gate firing voltage or trig-
ger pulse — by means of a suitable
phase shift or timing current — until
time t2, there will be a shorter conduc-
tion period, reducing the average value
of load current (lower duty cycle), as
shown in Figure 3c.

Delaying the trigger voltage even tur-
ther, until time t3, causes a further
reduction in duty cycle and a cor-
responding reduction in average load
current. (See Figure 3d.)

So, by varying the duty cycle of the
SCR. we can smoothly control the aver-
age value of anode current. This capa-
bility has practical applications in lamp-
dimmer and heat-control circuits and
motor-speed control, to name a few. For
example, if the load is the armature of
a dc motor, controlling the average cur-
rent through it varies the speed of the
motor. The lower the current, the slow-
er the speed.

There are many types of firing cir-
cuits. Some use variable resistance or
R-C phase shifting networks to delay the
signal applied to the gate; others use
magnetic amplifiers (saturable reactors),
diacs. unijunction transistors (UJTs) or

—AAAL
LOAD

R1

120Vac
60Hz

Cci

SCR1

D1

&

Figure 6. With the addition of an R-C phase
shift circuit, up to 90° of phase delay is
gained. C1 charges through R1, delaying the
triggering of the SCR. An increase in the re-
sistance of R1 increases the firing angle up
to 180°, at which point the thyristor remains
off and no current flows through the load.
Reducing the resistance of R1 allows C1 to
charge more rapidly, triggering the SCR earli-
er and increasing the SCR's conduction an-
gle and power in the load.




other devices to provide the necessary
triggering pulses of gate current. But
regardless of the type of control circuit
used, the principle remains the same:
The average vaiue of ioad current is con-
trolled by the firing angle of the SCR
— the phase angle of applied ac voltage
at the instant firing takes place.

Half-wave variable resistance
phase control

Figure 4 illustrates a variable-
resistance circuit capable of controlling
the firing angle from approximately O
to 90°. The gate circuit resistance (RI
and rhcostat R2 in series) determines
the magnitude of gate current during the
positive portion of the input voltage. 1If
R2 is adjusted for maximum resistance.
gate current may never be sufficient to
turn on the SCR; thus the load is turned
oft. But as R2's resistance is decreased.
gate current eventually reaches sufti-
cient amplitude to trigger the SCR. at
some point between 0° and 90° of
phase.

For example. in Figure 5a, a relatively |
high amplitude of gate current causes |

the triggering level (1I,,) 1o be reached
early in the positive alternation (at time
t): i.e.. at a phase angle of about 15°.
This results in about 165° of conduction

Each VACO tool is job-matched
and built for tough, long use.

* Screwdrivers * Nut drivers « Hex Keys
* Problem solving tools - Wrenches
* Pliers « Electrical tools, Solderless ter-
minals and connectors « Kits and cases
Vaco professional tools are made
to exceptional standards...rugged,
precise, comfortable to use...long
lasting. See your VACO distributor.
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Figure 7. Some SCR gate triggering circuits feature diacs (Figure 7a) for more positive, ac-
curate control of the thyristor’s firing point. When a voltage of either polarity is applied across
the muitilayered semiconductor device, only a negligible amount of leakage current flows,
as long as the potential difference doesn’t reach the breakover voltage (M,). When voltage
reaches \,., avalanche occurs. Current then flows easily through the device. To turn off the
diac, the current must be reduced below the minimum holding value (l,,), shown in Figure 7b.

average load current.

In Figure Sb. the amplitude of gate
current has been substanually reduced
by increasing the resistance of R2. Con-
sequently. the gate current doesn’t reach

in cach cycle and a fairly high value of

the triggering level until time t2. This
results in a firing angle of about 75°
(conduction angle ot 105°) and a lower
value of average load current.

To sum up the operation of the cir-
cuit in Figure 4, the power in the load
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Figure 8. The Shockley diode is a unidirectional PNPN 2-terminal thyristor. When the ap-
plied voltage makes the anode positive in relation to the cathode, the diode remains essen-
tially an open switch — even though forward-biased — until V,, is reached. Then the anode-
to-cathode voltage suddenly drops as current begins flowing through the device; it thus enters

the forward conduction region.

is controlled by varying the resistance
of R2. Diode DI serves the same pur-
pose as in Figure 1: It prevents the nega-
tive alternation of input voltage from
reaching the gate of the SCR. That is
why no negative alternations of gate cur-
rent are shown in Figure 5.

Adding an R-C phase-shift network

The circuit in Figure 4 has a draw-
back: The SCR’s firing angle cannot be
increased beyond 90°. As a result, the
conduction angle cannot be reduced be-
low 90°. That problem can be solved by
the addition of an R-C phase shift cir-
cuit, which can provide up to 90° of ad-
ditional phase delay. The circuit is
shown in Figure 6. Here Cl charges
through RI; this takes a certain amount
of time, delaying the triggering of the
SCR. By increasing the resistance of R1,
we can increase the firing angle up to
a maximum of 180°, at which point the
thyristor remains off and no current
flows through the load. Reducing the re-
sistance of Rl shortens the time constant
of the R-C network, allowing Cl to
charge more rapidly, thus triggering the
SCR earlier in the positive alternation
of input voltage. This increases the
SCR’s conduction angle and power in
the load.

Diacs and Shockley diodes
Instead of the circuitry shown in
Figures 1, 4 and 6, some SCR gate trig-
gering circuits feature diacs, Shockley
diodes or UJTs for more positive, ac-

|

curate control of the thyristor’s firing
point.

The diac is a bidirectional thyristor
that exhibits negative resistance switch-
ing characteristics. It’s capable of sup-
plying sufficient gate current for fast
turn-on of SCRs and triacs. A 2-
terminal avalanche device, the diac con-
ducts equally well in either direction
when the potential difference across it
reaches its forward-breakover or
reverse-breakover voltage rating, typi-

>

The Shockley diode
is another PNPN
2-terminal thyristor;
unlike the diac,
however, it is
unidirectional.

cally somewhere between 20V and 35V
in different diacs. When breakover oc-
curs, the voltage across the device drops
sharply as the current through it in-
creases; hence its negative resistance.

Figure 7 illustrates the diac’s symbols
and V-I characteristics. When a voltage
of either polarity is applied across the
multilayered semiconductor device,
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Figure 9. Sharper control of SCR triggering
is achieved with a Shockley diode. D1 re-
mains in the blocking state until the C1 volt-
age is high enough to reach V,,. The capa-
citor’s charging rate is determined by the
R1-C1 time constant. When V,, is reached, the
diode switches on, allowing a rush of current
that fires the SCR, energizing the load.

only a negligible amount (microamps)
of leakage current flows as long as the
potential difference doesn't reach the
breakover voltage (V,,). When voltage
reaches V,,, avalanche occurs. Ava-
lanche is non-destructive as long as the
diac’s power dissipation rating is not ex-
ceeded. Current then flows easily
through the device. To turn off the diac,
the current must be reduced below the

| minimum holding value (I,;), shown in

Figure 7b.

The Shockley diode is another PNPN
2-terminal thyristor; unlike the diac,
however, it is unidirectional. As shown
in Figure 8, its characteristic curve in
the useful forward-bias region is simi-
lar to the right-hand half of Figure 7.

When the applied voltage makes the
anode positive in relation to the cathode,
the diode remains essentially an open
switch — even though forward-biased —
until V,, is reached. Then the anode-to-
cathode voltage suddenly drops as cur-
rent begins flowing through the device;
it thus enters the forward conduction re-
gion (closed switch). The zener voltage,

| where reverse avalanche breakdown oc-

curs, is usually much higher than the
forward breakover voltage.

SCR controlled by a Shockley diode

Sharper control of SCR triggering is
achieved when the ordinary silicon di-
ode in Figure 6 is replaced by a Shock-
ley diode, as in Figure 9, where DI re-
mains in the blocking state until the CI
voltage is high enough to reach V,,. The
capacitor’s charging rate, of course, is
determined by the RI-Cl time constant.
When V,, is reached, the diode switch-
es on, allowing a rush of current
through the gate of the SCR; this cur-
rent causes the SCR to fire, energizing
the load.

Next month we’ll take a look at UJT-
controlled SCR circuitry. ]



Surge protection applications guide

MCG has released a 40-page catalog,
“Surge Protection Applications and
Product Guide”” The catalog has a
selection guide, applications ideas and
technical specifications for MCG’s line
of both ac and data-line lightning-
protection devices. Installation instruc-
tions and an explanation of IEEE 587
are also available.

Circle (125) on Reply Card

VCR replacement parts
cross-reference

The “RCA VCR Key Items Cross
Reference” lists the Thomson Consumer
Electronics (TCE) replaccment parts for
more than 900 VCR models produced
by RCA, GE, Magnavox, Panasonic,
Hitachi, Philco, Philips. Quasar and
Sylvania. The guide provides a TCE
stock number and a reference number.
which corresponds to the number shown
on the manufacturer’s service data parts
list.

Circle (126) on Reply Card

Compressed-air tool catalog

Voriec is offering a 94-page catalog
that describes the company’s line of
compressed-air-powered tools. Refer-
ence sections describe applications. in-
cluding electrical control cooling, man-
cooling, fume exhaust, process cooling,
electronics testing, air conveying, liquid
spraying, humidification and static neu-
tralization.

Circle (127) on Reply Card

Tape care pamphlet

The Consumer Aftairs Department of
the Electronic Industries Association’s
Consumer Electronics Group (EIA/
CEGQG) has produced a consumer educa-
tion pamphlet titled “Consumers Should
Know: How to Choose, Use and Care
for Audio and Video Tape.” The pam-
phlet addresses typical questions about
purchasing, playing and storing audio
and video magnetic tape, and taking
care of VCRs. It also features two
“Quick Troubleshooting Guide” sec-
tions and a glossary. For a single copy,
send a self-addressed No. 10 envelope
with 25-cent postage to The EIA, Au-
dio & Video Tape. PO. Box 19100,
Washington, DC 20036.

Television catalog
Tektronix’ *‘Television Products
1989/90™ catalog caters to component,
D-1, D-2 and HDTYV formats. Products

are available in NTSC, PAL and SEC-
AM standards. The 165-page catalog
features waveform monitors, vector-
scopes, generators, automatic measure-
ment sets, audio monitors, VITS insert-
ers, spectrum analyzers, portable
oscilloscopes, GPIB programmable
products, accessories and synchronizers
are included. There is also instrumen-
tation for master control, transmitter,

van, telecine and maintenance en-

vironments.
Circle (128) on Reply Card

Signal conditioning glossary

MertraByte is offering a 22-page
“Glossary of Signal Conditioning
Terms.” Definitions encompass signal
processing, data conversion and test in-
strumentation. Definitions for more than

300 terms are included.
Circle (129) on Reply Card |
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—— Troubleshooting Tips

Symptom: High, uncontrollable vol-
ume; channel functions lock up.

Set ID: MGA model CDI945R
Photofact: 2435-|

This set would work properly when
first turned on, but after a while (usually
several minutes, but sometimes just a
tew seconds) the volume would rise to
a very high level and the volume could
not be turned down from either the re-
mote control or the TV itself. In addi-
tion, the channel up and down functions
would usually lock up.

Initially we thought it was a thermal
problem, but liberal use of cooling spray
and a heat gun brought no changes. A
scope check of the microprocessor.
IC701. revealed some noise on at least
one of the lines fecding the volume-
control circuit. We replaced the new mi-
croprocessor with one we had in stock,

| but the symptoms remained.

As a shot in the dark, we wondered
if' the volume-up control was somehow
intermittently on, so we exchanged it
with the volume-down switch. Again no
change. We also tried replacing diodes
D725, D774 and D785: it one of those

| was leaky it might have been the source

of the noise we saw on the scope. Again,
there was no change in the symptoms.
As you can see in the accompanying

portion of Photofact 2435-1 (see Figure |

1), the four resistors feeding the two vol-
ume functions and the two channel-
changing functions are either 47k or
4.7kQ. Because resistors R815. R816.
R817 and R8I8 in this set were 47kQ. we
decided to parallel them with other
resistors to get the value down to near
4.7kQ2. When we did this, the set ap-
peared 1o function normally. Apparently
this change in resistance was enough to

somehow reject the noise signals.
Knowing that this wasn't an entirely val-
id tix, we pursued the matter with
MGA.

After we described the symptoms and
the troubleshooting steps we took to the
MGA representative, he suggested that
the spurious noise might be coming
from the channel LED display. That cir-
cuit unplugs easily trom the main board,
so it was easy to check. With the LED
display out of the circuit, the volume re-
mained where it was set. When we in-
stalled a new LED display we obtained
from MGA. everything opecrated nor-
mally with none of the original prob-
lems. After bench testing for several
days with no recurrence of the symp-
toms. we returned the set to service.
Michael B. Danish
Steven D. Ashcraft
Aberdeen Proving Ground, MD W
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Figure 1. Although paralleling resistors R815, R816, R817 and R818 with other resistors to reduce the resistance treated the uncontrollable
volume symptoms in this TV, a new channel LED display treated the underlying problem
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Answers to the quiz

Questions are on page 39.
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Note: You may find words in the let-
ter matrix that are used in electron-
ics but are not related to the subject

of this issue.
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——— Products

Microwave leakage detector
The Microcheck model SMW-] non-

contact microwave leakage detector |

from A.W. Sperrv Instruments reads
microwave radiation leakage as low as
0.1mW/cm? and the midscale of the me-
ter is calibrated at 1.0mW/cm?. The de-
tector uses no leads, switches, control
settings or batieries.

Circle (81) on Reply Card

Electromagnetic radiation monitor

Walker Scientific is offering a moni-
tor for measuring low-level electromag-
netic field radiation. The ELF-50 field
monitor is a hand-held instrument that
measures the extra-low-frequency
(ELF) electromagnetic field radiation

generated from any ac 60Hz device. A
10-scgment LED display illuminates to
indicate the level of radiation present.
The monitor features two measurement
ranges: low range. from 1 to 512 mil-
ligauss; and high range, up to 51.2
gauss.
Circle (82) on Reply Card

Semiconductor tester
The Semianalyzer 59C from Elec-
tronic Design Specialists helps servicers
troubleshoot to a defective component.
The 59C version 002 will check semi-
conductor junctions in-circuit; read out
the type, polarity and condition of the
component under test; check compo-
nents, such as capacitors, scmiconduc-
tors, neons and LEDs, for leakage, volt-
age breakdown and noise level; and
trace active audio, video or digital cir-
cuits with a signal-tracer {unction,
which also displays dc voltage riding on
the signal with 31/,-digit accuracy.
Circle (83) on Reply Card

Tool kit

Jensen Tools has introduced a tool kit
with a vulcanized fiber case; double-
stitched, heavy-duty canvas pallets; and
more than 60 tools. The JTK-14 kit in-
cludes screwdrivers, nutdrivers, ignition
wrenches, hex keys, six pairs of pliers,
a penlight, an electrician’s knife, scis-
sors, a ball peen hammer, a mini-

hacksaw and a soldering iron.

Circle (84) on Reply Card

dc circuits video program

Bergwall Productions has released the
“El6 Basic Electricity: DC Circuits™
video. The video describes series loads,
polarity, open circuits and fuses. Sim-
ple mathematical circuit analysis and
Kirchhoft's voltage and current laws are
introduced. Resistors and their color
coding are described, and a demonstra-
tion of ohmmeter use is performed. The
video teaches how to calculate toler-
ance, current and voltage levels in com-
bination parallel and series circuits, and
how to measure resistance.

Circle (85) on Reply Card

Benchtop ionizer

Chapman has announced another ver-
sion of the VSE 3000 benchtop ionizer.
The updated version that requires no
disassembly allows easier access to the
emitter points. A specially designed
cleaning brush is inserted through the
front screen to clean the emitter points.
The self-balancing unit has a remova-
ble tilt stand and a larger fan for great-
er air volume at lower speeds.

Circle (86) on Reply Card

VCR maintenance and belt kits

Thomson Consumer Electronics has
announced the addition of four VCR
maintenance kits and two VCR belt kits.
The maintenance kits replace wear-
related items in more than 125 RCA and
GE VCRs. The kits include tension
bands, idlers, pressure rollers and
clutch/plates. The packages contain re-
placement intormation by RCA and GE
instrument model numbers and include
cross-references 1o model numbers for
Hitachi, Magnavox. Panasonic, Philco,
Quasar and Sylvania VCRs.

Circle (87) on Reply Card

Oscilloscope probe
The PR200A oscilloscope probe from
Philips ECG has a 200MHz bandwidth
and is switchable in X1, X10 and REF.
Also featured is a thumb-switch with
positive detents, a 57-inch flexible ca-
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ble and a 360 degree rotatable ground
clip. Also included is a ground lead and

clip, BNC adapter, IC tip, insulating tip,
retractable hook and trimmer tool.
Circle (88) on Reply Card

Digital multimeters
The SOAR models 3255 and 3250
hand-held digital multimeters from
Carlo Gavazzi Instruments offer
industrial-rated cases; LSI design tech-
nology: and 3,200-count, tull-scale ana-
log bar graph displays. The DMMs have
auto and manual range selection, data
hold, high-speed sampling and au-
toranging of six per second, up or
down. Accuracy for the DMMs is 0.3%.
Current measurements range from
300pA to 10A, ac/dc. Voltage measure-
ments range from 3mV to 1,000V for dc,
3V to 750V for ac.
Circle (89) on Reply Card

Audio generator
B&K Precision has introduced a
pocket-size audio generator with a fre-
quency range of 20Hz to 150kHz. The

model 3001 is a RC-type oscillator that
features selectable sine- or square-wave
outputs with a 23-position rotary switch
and a x1/x100 slide switch to select from
46 frequencies. A separate sync output
provides a fixed-level signal at the same
frequency and phase as the main output.
Circle (90) on Reply Card
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Autoranging DMM
The DM5 DMM from Universal En-
terprises is a pocket-size, autoranging
DMM that features an audible continui-
ty buzzer, a diode-test function, a 31/2-

digit LCD display, and low-battery and

overrange indicators. The meter au- |
| model MH-1, a hand-held. thermal wire

toranges over five dc voltage ranges

from 200mV to 500V, four ac voltage

ranges from 2V to 500V, or six resis-

tance ranges from 200€ to 20MQ.
Circle (91) on Reply Card

Scope probe

The 1SOMHz scope probe from Test
Probes has a risctime faster than 1.5ns.
The probe eliminates cable microphon-
ics. external interference and is sealed
against moisture. The probe has self-
cleaning switch contacts, a replaceable
ground lead., strain rehet and connec-
tor crimp.

Circle (92) on Reply Card

Oscilloscope probe Kit
The 4900K and 5100K series Gold
Probes from Probe Master have 18 ac-
cessories. A variety of models offer

bandwidths of 35MHz 0 350MHz, a |

readout actuator option and various ca-
ble lengths. The Convert-A-Tip feature
provides a heavy-duty threaded tip
(0.055-inch diameter) that can be
replaced with a micro-tip (0030-inch di-
ameter).

Circle (93) on Reply Card

Surge protectors

Three surge protectors have been in-

troduced by Data Spec. The DSTM2
modem/fax/telephone lightning surge
protector fcatures maximum energy dis-
sipation and plugs directly into ac out-
let sockets. The D6OUTSP ac surge
protector is a six-outlet strip that offers
continuous spike protection. a built-in
circuit breaker and a master switch with
pilot light. The SPO1l offers the same
features as the D60OUTSP, but is wall

mounted. The SPOIl automatically
resets after brownouts or surges.
Circle (94) on Reply Card

Analog/digital multimeters
Soar’s 3200 series, 3!/2-digit mul-

timeters, available from HMC, feature |

a 32-segment, analog bar-graph LCD
display and audible continuity. The me-
ter sclects the range with the greatest ac-
curacy and resolution and shows func-
tion and measurement range. The Range
button prevents the instrument from
changing ranges. Model 3230 has a
DATA-H button that captures the meas-
urement, beeps and locks it on the
display.
Circle (95) on Reply Card

Wire stripper
Rush Wire Strippers has introduced

stripper. The stripper is designed for
stripping thermoplastic insulation, in-
cluding Tetlon and PTFE, from solid or
stranded wires from 12 to 43 AWG. A
self-contained, continuously rated pow-
er unit is connected to the handpiece to
provide variable temperature up to
1,400°F. The stripper has a strip-length
stop and positive tweezer action.
Circle (96) on Reply Card

Frequency adapter
Extech has introduced a frequency-to-
voltage converter that attaches to any
multimeter and can measure from 2kHz
to 2MHz with an accuracy of 1% of

rcading. Minimum sensitivity is 100mV
rms (2kHz to 10MHz range) and 200mV
rms (2MHz to 200MHz range). Over-
load protection is 400Vac/dc. To oper-
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ate, attach the adapter to a multimeter
via banana plugs, switch to the mul-
umeter’s 200mV range and select the
frequency range.

Circle (97) on Reply Card

Oscilloscope
Brunelle Instruments has introduced
a linc of 20MHz oscilloscopes built into
a metal case. The scopes feature wide
bandwidth, a bright screen and TV and
video sync. Model 2987 has a compo-

| nent tester; model 2989 has a cursor for

measuring voltage, frequency and
period.
Circle (98) on Reply Card

Sweep function generator
Model FG3A sweep function gener-
ator from Beckman Industrial features
seven frequency ranges covering 0.2Hz
to 2MHz, and an array of signal outputs,

including sine wave, triangle wave,
square wave and TTL and CMOS pulse
outputs. The FG3A can add logarithmic
or linear sweep to the selected signal
outputs, or perform AM or FM modu-
lation with internal or external signals.
The generator has a built-in, 5-digit fre-
quency counter and a voltage-controlled
frequency jack.
Circle (99) on Reply Card

Hand-held multimeters

The 80 series hand-held multimeters
from John Fluke Mfg. offer capacitance
measurement, frequency, duty cycle,
simultancous minimum-maximum-
average recording, relative (zero) mod-
el and Touch Hold, which beeps when
it senses a stable reading and locks it on
the display. The true-rms 87 offers back-
lighting and a user-selectable, 41/>-digit
(20,000 count) mode in addition to the
33/s-digit (4.000 count) digital display
of the other models. It also features a
Peak Min Max recording mode for cap-
turing transient events to lms or sine

wave plus or minus peaks to 400Hz.
Circle (100) on Reply Card B



What do you know about electronics?

Copper wires vs.
fiber-optic cables

You hear a lot about fiber-optic tele-
phone lines these days. They are rapid-
ly replacing copper wires for commu-
nications applications. It is interesting
to compare some of the features of the
two types of communications lines 10
sec whether there is really any advan-
tage of fiber optics over copper.

In this discussion, the term copper
conductor means a conductor of elec-
tricity, fiber-optic conductor means
conductor of light.

Assuming equal weights of tiber-optic
and copper materials, the fiber-optic
material will produce three times the
length of the copper material. Putting

it another way, if the two materials cost |

the same per pound, the cost per 100-
foot length of the tiber-optic conductor
would be one-third of the cost of the
copper conductor.

The fiber-optic conductor will permit
three times the data-handling capabili-
ty. The bit-error rate is a comparison of
the number of error bits per total num-
ber of transmission bits. For copper

conductors. an excellent bit-error rate |

would be one bit per million. Howev-
er, the number is usually closer to one
error bit in 10,000.

For fiber-optic materials, a bit-error
rate of one bit per 10 trillion is common.

Whenever there is a bit error in a
transmission, it is necessary to take the
time to retransmit the signal. That re-
sults in lost time and added expense for
the company using the system.

Two other important features make

Wilson is the eTeculmics l;leory éonsullunl for ES'&:I'

By Sam Wilson, CET

fiber-optic cables more attractive than
copper cables:

¢ Fiber-optic material has a long life-
time because of its naural resistance to
corrosion.

® Installation and section-replacement
costs are less.

The committee syndrome

Lately I have encountered an unusu-
ally high number of companies with a
trightening method of operation. When
I try to get something done in those
companies. 1 am told (very politely):
“Everything here is done by committee.
Your suggestion will be taken under ad-
visement by the com-
mittee.”

If you aren't careful, you will miss the
real message. Let me rephrase it for
you:

*“We have no leader. No one in this
company can make a decision. With the
use of committees, it is not necessary
for anyone to take the blame if some-
thing goes wrong.

“There is no one here who has the guts

to stand up and say what should be
done. There is no one here who has the
nerve to say (when necessary), ‘I made
a mistake and here is what I am doing
to correct it.

*Our committee structure protects us
from anyone who may want 1o make a
dynamic move. We are protected by the
fact that if anyone is hired, the commit-
tee must first give its approval of the ap-
plicant. Thinkers need not apply.

“There is no incentive here for being
the best at what you do. Our commit-
tees are effective in defusing leader-type
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personalities. We believe in the great
mediocre society.”

It makes me wish we could go back
lo companies and organizations run by
a good old Bull Moose.

Being calculator smart

You know from kindergarten that the
rms value of voltage (V) can be deter-
mined from the peak voltage (V,,) by the
tollowing equation:

V=(0.707T)V,,

A more accurate value can be ob-

tained using this equation:
V=(1J2)V,

For average values (V,v¢) when the
peak value is known. use this equation:
V.ve=(0.636)V,,

To get a more accurate value:

Vave=Q/m)Vy,

It your calculator is getting old. it may
not be able to do the following calcula-
tions. Try this simple arithmetic
problem:

10—-3x3-1=0

My calculator can’t handle that one.

Instead of zero I get this answer:
—-1xi0

Try your calculator on this simple trig
problem:

TAN 20°=0.3639702
TAN (2x107)°=(should be
the same answer)

My calculator drops the last two
digits. Errors in these calculations are

| more likely to occur in older calculators.

Letters
I wish I could include all of the let-
ters that we get, but that is impossible.
However, I do try 1o answer every let-



ter. Sometimes it takes a long time. If
you don't hear from me in six to eight
weeks, you know that your letter has
dropped to level two.

In this issue, I had room for a couple
of interesting letters. This one is from
From Pat Cerone, WEZG/WXRA Ra-
dio, Clay. NY:

After all of the trouble 1 went
through to build a remote infrared
tester. 1 found that 1 already had one.

Not only that, but it will check all
types of remotes: infrared, sonic, ga-
rage door openers, ctc. All you need
is a small AM radio; aim the remote
10 the antenna loop and you will hear
it loud and clear.

The Editor (Conrad Persson) and 1
have both tried this and it works! It may
be because the remote control is pulsed
and that produces a wide range of har-
monic frequencies. In any event, it
works very well.

We appreciate your sending this good
tip and I'm sure the readers will appreci-
ate it 100.

Here's a letter from CAMCO Avion-
ics, Long lIsland, NY:

We at CAMCO Avionics find your
quizzes very entertaining, but the an-
swer to (uestion three in the Decem-
ber 1989 issue confuses us. Your
voltage is going through an inverting
amplifier, so it must be true that the
positive input voltage should be nega-
tive on the output. Right?

The reason the inverting amp is used

is that the non-inverting input does not
produce a gain proportional to the sim-
ple ratio of resistors. Instead, the gain
is [+R/R,. However, you would not
want to be put into a position of saying
that 2+4=—6 or any other negative
number. Actually, the absolute value is
1aken 10 be the answer for summing am-
plificrs even though the output is, as you
indicated. 180° out of phase with the
input.

Thanks for 1aking the time to write.

Unusual diode applications

You have, no doubt, used LEDs as
light indicators, but they have some in-
teresting propertics not related to giv-
ing off light. As far as | know, these
properties have never been put to use.

An LED also works. with some limi-
tation. as a light-activated diode (LAD).
lts conduction changes when a bright
light is directed to it. The LEDs with
clear plastic lenses seem to work best
as LADs. If you have any practical use
for this LED) characteristic, don't tell
anyone. Send me a letter explaining your
idea.

Another unusual feature of the LED
is that it behaves like a zener diode. If
you have a curve tracer on your scope,
connect an LED into it for an interest-
ing test. You have to supply enough volt-
age 10 get it 1o zener on the reverse
half-cycle.

1 have played around with this con-
cept and | was able to make a shunt-
regulated supply. However, the zener di-
ode that would do the same job costs
less than the LED. Still, it is an interest-
ing idea. |
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Feedback

Have a question, a comment,
a gripe, a suggestion? Found
a better way of servicing an
electronics product dis-
cussed in an article? Or may-
be you would like to see an
article about a subject you
haven't seen covered yet. We
want to hear your ideas. Ad-
dress your comments to

Feedback
Electronic Servicing &
Technology
( P.O. Box 12901
Overland Park, KS 66212

Replacing the idler pulley

With respect to Victor Mecldijk's ar-
ticle "A VCR Repair Case History —
Update to the Sequel” (see the Novem-
ber 1989 issuc) concerning replacement
of the idler pulley on Fisher VCRs, here
is a much easier way of removing the
idler assembly on units that do not have
a notch for removal of the gear as-
sembly.

Proceed as in the first five steps of the
article. Remove the stopper washer from
the idler gear and the idler pulley. The
large pulley that sits on top of the idler
gear is press-fit onto the shaft of the as-
sembly and can be gently pried off.

After you remove the pulley, the plas-
tic, horse-shoc-shaped plate that the
black idler gear is attached to can be
bent gently downward while the entire
asscimbly is raised off the shaft. Bend-
ing this plate downward will allow the
black idler gear to clear the metal plate
on the chassis. The assembly can then
be removed, allowing the idler pulley to
be removed.

After replacing the idler pulley, you
can replace the gear using the reverse
procedure: gently bend the plastic idler
gear plate until the gear clears the chas-
sis plate. Replace the large white pul-
ley on the shaft. The stopper washers
arc then replaced as indicated in the
article.

1 have used this technique without in-
cident on many Fisher VCRs and have
found it to be efficient and time-saving.
The entire procedure can be completed
in 15 minutes.

Steven Luzik
Coraopolis, PA |



——— Business Corner

Reducing lack-parts calls

If your service business were one of
the really big ones, chances are you
would be paying close attention to the
management of your repair parts inven-
tories. An inventory valued at several
hundred thousand dollars — or several
million dollars — is much less likely to
be neglected than is the parts inventory
of a small service dealer.

But no matter what size the business
is, the ratio of parts inventory to total as-
sets for service companies runs in a fairly
narrow range. Parts inventories that ac-
count for more than 50% of the total as-
sets of an electronics business are not
unusual.

On a relative basis, your parts inven-
tory is just as important to the financial
performance of your business as it is in
a huge corporate chain. The obvious im-
portance of the direct investment you
have in your inventory is only the be-
ginning.

Repair parts management has an im-
mediate and significant effect on the
overall profitability of your business in
ways that may not be obvious at a casu-
al glance. Here are a few of the most im-
portant.

® Technician productivity. These days,
even the smallest service dealers are
tuned in to the importance of technician
productivity on bottom-line perform-
ance. Because of that, most servicers
keep some sort of record of technician
productivity. The trouble is, too many of
those systems fail to recognize the role
that inadequate parts management can
play in cases of unsatisfactory per-
formance.

When a technician (in the shop or on
the road) needs a part that isn’t in inven-
tory, valuable time is lost. Productivity
suffers. If that happens often enough (and

Lynott is president of W.J. Lynott, Associates, a manage-
ment consulting firm specializing in profitable service man-
agement and customer satisfaction research.

By William J. Lynott

it doesn’t take much to be “enough™), the
consequences will be lost profits. The
reasons may well be hidden from an
uninformed management.

Sound parts management provides lev-

| els of inventory that balance cost of in-

vestment against cost of lost productivi-
ty. The key to successful application of
that philosophy rests in records that show
exactly how often each part is needed.
Only when you have that information can
you decide which parts belong in your
inventory.

® Overall efficiency. Technicians are not
the only ones affected by inadequate
parts management. Every time a job
must be rescheduled for parts, addition-
al paperwork is generated. Workloads
are increased for parts-room personnel,
dispatchers, office clerks and, yes, even
the owner if the company is small. I have
seen many cases of chronic frenzy on the
part of support personnel that could be
cooled down to a reasonable level if only
parts management were more effective.

® Customer satisfuction. Each time a
service call remains incomplete because
of a lack-parts situation, one of your cus-
tomers will remain unsatisfied. Lack-
parts calls can never be avoided entire-
ly, of course, but a higher-than-optimum
ratio of lack-parts calls has a cumulative
effect on overall customer satisfaction
with your company. And customer satis-
faction is your end product — the prod-
uct that enables you to remain in busi-
ness and to meet your profit objectives.
When the general level of customer satis-
faction begins to decline in a service
company, serious problems are in-
evitable.

® Employee morale. 1 don’t know any-
one who regards dealing with irate cus-
tomers as a desirable way to pass the
time of day. When overall customer satis-
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faction is negatively affected by poor
parts management, everyone in the or-
ganization, from the service manager to
the person who answers the phone, will
ultimately feel the effects. It doesn't take
much imagination to figure out how this
situation will affect overall employee
morale.

Of all the conditions that can cause
employee morale to deteriorate in a serv-
ice business, none is more damaging
than a general atmosphere of customer
dissatisfaction. Good employees want to
be identified with a company that has
high regard for its customers. I have seen
the pressures of dealing with avoidable
customer problems drive away many
valuable employces from service com-
panies whose management couldn’t un-
derstand their high employee turnover.
In this day of tight labor markets, no
service dealer can afford to risk losing
his best people for the same reasons that
he is losing his best customers.

® Secondary effect. Poor parts manage-
ment is, in some ways, like a viral in-
fection in the body. Some of the symp-
toms are major and obvious. Others are
secondary and often hidden even to the
trained eye.

A consistent lack of parts that should
be in your inventory causes a general in-
crease in the overall workload of your
business. This, in tum, can create the im-
pression that everyone is busy with
productive work. The overall effect is to
lower the efficiency of your organization,
which generates unnecessary payroll
costs.

Having the right parts on hand when
you need them is an absolute requisite
to optimum success in the service busi-
ness. But there’s another side to this coin:
making sure your inventory isn’t bur-
dened with obsolete and unnecessary
parts. We'll discuss that problem next
month. u



Audio Corner

Solving RFl complaints

- Part 1l

An audio component that glitches and
distorts at home but works just fine in
your shop should clue you in to one
probable cause: radio frequency inter-
ference (RFI). The last two Audio Cor-
ner columns described external and in-
ternal methods of eliminating RFI. In
this final part of the series, we’ll discuss
desensitizing the amp and bypassing the
power line.

Transistor and op-amp circuits

When input filtering doesn’t do the
job, you need to desensitize the ampli-
fiers with more filter capacitors. This
will not atfect the audio response but
will reduce the amplitude of the RF in-
terference so that the amplifiers will not
overload.

Figure 1 shows sample circuits for
transistors and op-amps. A 5pF to
KOpF capacitor from the inverting to
non-inverting inputs of the IC will short
out the amplifier as far as RF is con-
cerned. As before, the capacitor value
is dictated by the impedance seen at the
amplifier inputs.

For transistors, the capacitor should
be connected between the base and
emitter as close to the transistor as pos-
sible. For both ICs and transistors, start
bypassing at the first amplifier stage and
continue until the problem goes away.
Often, only one or two capacitors are
needed.

On rare occasions, diodes are used in
Shepler is an electronics engincering manager and broad

cast consultant. He has more than 20 years of experience
in all phases of electronics.

By John Shepler

audio circuits for gain control or voice
compression. It may be necessary to add
small bypass capacitors across each di-
ode to eliminate the RFI.

Power-line bypassing

Even if you have excellent shielding
and your input and output cables are
well-grounded, RF can sneak into the
equipment through the power cord.
Sometimes a 001 4F capacitor from each
side of the line to the chassis is all that
is needed. For stubborn cases, you can
buy power-line filters in small metal
cans for $8 or so.

Some outlet strips with built-in surge
protection also have RFI filtering. You
can install one of these close to the
equipment and tightly coil up the am-
plifier’s power cord to prevent it from
acting as an antenna.

Opportunities

Many service shops have no ex-
perience with solving RFI complaints
and shy away from this business. This
creates opportunities for those who can
exorcise the RF demons out of audio
and other equipment. As you become
comfortable solving these problems, you
will want to advertise your services to
radio and TV stations, ham and CB
equipment dealers, and others who sell
electronic equipment. These people are
always getting RFI complaints and will
be overjoyed to refer the business to you.
A simple plug-in filter or a couple of
capacitors are worth quite a bit to pco-
ple plagued by strong RF fields. W

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.
Ccall or write Gretchen
wagner at Intertec
Publishing Corp., P. 0.
Box 12901, Overiand
Park, KS 66212;

(913) 888-4664.
*Minimum order 500 copies

RFI BYPASS
FOR A
TRANSISTOR

RFI BYPASS

FOR AN
IC AMP

Figure 1. Filter capacitors can be used as an RF| bypass for transistors and IC amps. A

5pF to 100pF capacitor from the inverting to non-inverting inputs can be used with ICs. For
transistors, the capacitor should be connected between the base and emitter as close to

the transistor as possible.
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——Video Corner

The amplifier as
a troubleshooting aid - Part i

By Stephen J. Miller

The first two parts in this series in-
troduced the Radio Shack mini-amp
(catalog number 277-1008C), which can
be used to amplify waveforms within the
range of 30Hz 1o 30kHz. The electron-
ics servicer can use the amp as a
frequency-selective pre-amp, as a tester
for PG and FG pick-up sensors in VCR
motor circuits, and for testing audio
circuits.

What else can be tested with the mini-
amp? How about remote control trans-
mitters! You just have to construct a sim-
ple pickup probe and add one addition-
al internal resistor to the modified
mini-amp described in the February
Video Corner. Figure | gives the par-
ticulars.

The additional 75k internal resistor
is connected between the +9V rail and
the center pin of the input jack. This
resistor provides a small current through
the input cable to power the active pick-
up probe. This resistor does not affect
the other functions of the mini-amp be-
cause the external input capacitors block
this small current when you use the oth-
er probes.

Some users of the probe have com-

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

plained of motorboating when the vol-
ume is turned up. Motorboating can be
minimized by keeping the volume con-
trol turned down. If you wish to elimi-
nate motorboating, modify the circuit as
shown by the colored lines in Figure 1.

The active IR probe consists of only
four components, all of which are avail-
able from either Radio Shack or your
local parts distributor. The only critical
component is QI, which cannot be sub-
stituted. Also note that the collector of
Q! (indicated by a flat spot) goes to
ground. Be sure to use several feet of
shielded microphone cable to connect
the IR probe to the mini-amp.

To provide proper shielding, choose
a suitable metal housing to enclose the
probe. I construct my probes inside dis-
carded 300Q to 75Q antenna matching
transtormers. Figure 2 shows the en-
closure. The transformer’s circuit board
can be stripped of its components, short-
ened and used as a construction base for
the IR probe. With an adapter, the mi-
crophone cable can be easily connected
to the transformer’s F connector.

After assembling and testing the
probe, I fill the pickup end with trans-
lucent blue RTV silicon adhesive. This
RTV protects the pickup and filters out
some of the visible light while allow-

Q2
| SDP8403-301
(276-145)

Q1
MPS222A
276-2009 |
( ) f GND SIDE lNPlIT
FLAT SPOT OF o
Q1 GOES TO
GROUND

+9V

10kQ

ADD

¥ 75kQ 2.2uF
LT
RESISTOR

47kQ

-

Figure 1. To build a remote control transmitter, construct a simple pickup probe and add
2ne additional internal resistor to the modified mini-amp. To eliminate motorboating, modify

the circuit as shown by the colored lines.
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ing the infrared to pass through. A lay-
er of shrink tubing completes the device.

When using the IR probe, allow 15 to
30 seconds of warm-up tor the internal
capacitors to charge. Then, with the vol-
ume set to maximum, place the pickup
near a transmitting remote. If the remote
is transmitting data, a tone should be
heard from the speaker. The volume can
then be adjusted for a comfortable lev-
el. Intense visible light will also affect
the IR pickup, causing it to either satu-
rate or go into oscillation. Therefore,
keep the IR probe away from bright
lights while it is in use.

Testing VCR IR LEDs

This IR probe can also be used to test
the IR LEDs in VHS VCRs. Other types
of IR remote testers cannot provide this
feature because they are too bulky to be
inserted into the tape department. How-
ever, my IR probe’s pickup is small and
attached to a tlexible cable, allowing this
probe to be inserted right into the VCR.

To prevent tape breakage or damage,
VHS VCRs detect the ends of the tape
spools by using a system consisting of
clear tape leaders, a lamp or IR LED,
and photo pickup transistors. When a
cassette is loaded into the VCR, the IR
LED or lamp projects light into the cas-
sette through a hole in the center of the
cassette. The opaque videotape normal-
ly prevents the light from passing out the
sensor windows and activating the
photo-transistors. However. at either the
beginning or the end of the tape cassette,
the light will pass through the clear
leader, out the sensor window, and turn
on one of the photo-transistors. The sys-
tem control microprocessor monitors
these sensors and prevents tape move-
ment in the direction opposite an illu-
minated sensor.

Because of the importance of this
safety feature, most microprocessors
monitor the condition of the light source
and are programmed to inhibit all tape
functions if the lamp or LED becomes
defective. A typical failure is sensor
lamp or LED burn-out. An open sen-



sor LED in a late-model Panasonic ma-
chine will stop all tape functions. The
VCR will load and eject the cassette. but
will not allow any tape functions. such
as play, fast forward or record. Most
other VCRs will also refuse to operate
when the lamp or IR LED is defective.
In older machines, the lamp was an in-
candescent bulb, which could be easily
checked by visual inspection. Today, all
manufacturers are using IR LEDs,
which have an invisible light that makes
checking the IR LED more difficult.
However, by using the IR probe. you
can quickly check these LEDs.

The testing method for IR LEDs
varies among manufacturers. Some
VCRs are designed to power these IR
LEDs with ac pulses: other designs use
a constant dc voltage. To check the IR
LED, turn the VCR on and place the IR
probe close 1o the IR LED. If a constant
tone is heard from the amp’s speaker,
the LED is functioning and is being
driven by an ac waveform. If no tone is
heard, wave the IR probe back and forth

Improve Your Form.
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Figure 2. To provide proper shielding, enclose the probe in a suitable metal housing, such
as a discarded 3009 to 752 antenna matching transformer. The transformer’s circuit board
can be stripped of its components, shortened and used as a construction base for the IR
probe. With an adapter, the microphone cable can be easily connected to the transformer’s
F connector.

in front of the LED. If you hear a
scratching or popping noise. the LED
is functioning and is being driven by a
dc supply.

A few manufacturers turn on the IR
LED only when a cassette is loaded into
the machine. To test these machines,
load the empty shell cassette into the

VCR. (See the April 1989 Video Cor-
ner tor details on how 1o construct this
device.) Then insert the IR probe
through one of the holes in the shell to
test the LED. To become acquainted
with using the IR probe. test several
difterent models of working VCRs. This

Continued on page 57.
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—— Computer Corner

Video monitors for the IBM PC

The wide variety of video monitors
tor the personal computer can be con-
fusing. The first IBM PC used a mono-
chrome video monitor with a mono-
chrome display adapter (MDA) card.
Monochrome is the standard computer
term for a B&W monitor. Monochrome
monitors most often use green charac-
ters on a black screen. The IBM mono-
chrome monitor 5151 uses a high-
persistence green (P39) phosphor.

Amber on black monochrome moni-
tors are a popular alternative to green
on black. Some monitors use black
characters on a white screen so they
look like paper. These are used for word

By Glenn R. Patsch

tor the PC, XT and AT personal com-
puters. Some of the IBM compatibles
have the display adapter built into the
PC and do not require an adapter card.

The IBM PS/2 computers have the dis- |

play adapter built in.

The IBM color graphics adapter
(CGA) displays color text and graphics
on the 1BM color display 5153. IBM
then introduced the enhanced graphics
adapter (EGA) and the enhanced color
display 5154. These color adapter cards
usc a 9-pin RGB digital output to drive

| the video monitor. The MDA and HGA

processing and desktop publishing |

(DTP) where the output is a printed
page.

Adapter cards

Displaying information on a computer
monitor requires a display adapter card,
which is plugged into the PC; a cable
to connect the card to the monitor: and
a video monitor. The IBM MDA can
display text but not graphics on a mon-
ochrome monitor. The Hercules graph-

ics adapter (HGA) can display text and |

graphics on the monochrome monitor.

The HGA quickly replaced the IBM
MDA when it was released. The HGA
with 2 monochrome monitor is the most
common display adapter and monitor

Putsch is a consultam specializing in the selection. evalu-
ation and insiallation of IBM personal computer and com-
patible hardware and software.

also use a 9-pin digital output to drive
the monitor.

The IBM PS/2 computers have the |

video graphics array (VGA) built in.
These use the IBM 8512 or 8513 color
monitors or the 8503 monochrome
monitor. The VGA output is a 15-pin
analog signal. The PS/2 model 30 and
25 use a multicolor graphics array
(MCGA) with the same monitors. The
MCGA is a subset of VGA.

Video monitors and display adapters
together are often referred to as mono-
chrome. CGA. EGA and VGA. For ex-
ample, the term EGA is often used to
mean an enhanced graphics adapter
with an enhanced graphics display.

Monitors
NEC introduced the MultiSync mon-

itor, which can work with a variety of

video adapter cards. The MultiSync
monitor can work with analog or digi-

scan, S6kHz to 62kHz vertical scan and
800x560 (HXV) picture elements. It
has a bandwidth of 30MHz. NEC and
others have introduced several newer
models with the multiple sync capabil-

| ity. Some of these models accept only

analog input for use with the analog
VGA output.

Several high-resolution monitors are
used for desktop publishing. These
monitors have a large screen area and
use black characters on a white screen.
Typical specifications are 100MHz

| bandwidth, resolution of 1,280%1,024
or more, and 19- to 20-inch screen size.
These monitors are sold with a custom
display adapter that can only be used
with this monitor. Wyse, Cornerstone.
Micro Display. Panasonic and others
make these paper-whitc monitors.
IBM also offers an 8514 monitor with
a matching 8514/A adapter card for the
PS/2. The 8514 provides a 1024 X768
| resolution on a 16-inch screen with 16
to 256 colors. The IBM 7554 color
monitor is similar to the 8514, except
| that it has a [9-inch screen. The IBM
8507 is a 19-inch, monochrome, paper-
white monitor. These large. color
screens are often used for computer-
aided design (CAD).
| Using video monitors with a personal
computer is straightforward once you
understand the different adapter cards
| and displays. Knowing the basic termi-
| nology and what the different video
’ monitors are can help you set up the best

- tal input, 15.5kHz to 35kHz horizontal | system for your client’s needs. B
Comparison Table
Video Horizontal Vertical Resolution
bandwidth| scan rate scan rate Horizontal Vertical
Monitor Type (MHz) (kHz) (Hz) lines lines Colors
MDA monochrome 16.270 18.432 50 720 350 2
HGA Hercules 16.270 18.432 50 720 350 2
CGA color 14.000 15.750 60 640 200 4
EGA enhanced color 16.257 21.850 50-60 640 350 16
VGA video graphics 28.000 31.500 50-70 640 480 16
MCGA multicolor 25.000 31.500 60-70 640 480 2

“igure 1. Specifications for the various monitors/adapters. Several adapters and monitors can use different modes. These are typical
alues for comparison. Two colors is monochrome: green and black.
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Video Corner

Continued from page 55.

experience will be helpful when you are
using the device to troubleshoot defec-
tive machines.

If all of these IR LED tests have
failed. trace the IR LED's wires back
1o the main board. Next, with the pow-
er off, disconnect the IR LED’s wires
and connect a visible-light LED in its
place. If this substitute LED lights and
the VCR operates. you have confirma-
tion that the VCR's only problem is a
defective IR LED. If the substitute LED
fails to light, try reversing it. If it still
fails to light. troubleshoot the power
supply or LED drive circuit.

Some technicians whose hearing is
slightly impaired have complained that
when they use the mini-amp to test
LEDs, they can't hear the sound made
by a dc-driven LED as the probe is
moved past the LED. The modification
shown in Figure 3 replaces the speaker
with LEDs to give a visual, not an au-
dible. indication. With this modifica-
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Figure 3. When using the mini-amp to test LEDs, you might find it hard to hear the sound
made by a dc-driven LED as the probe is moved past the LED. This modification replaces
the speaker with LEDs to give a visual, not an audible, indication.

tion, when the probe is moved past the
LED being tested in.one direction, one
of the output LEDs will light. When the
probe is moved in the opposite direc-
tion, the other output LED will light.

As we have scen, this mini-amp can

LEARN TO
CLEAN/MAINTAIN/REPAIR

FAX MACHINES

HUGE NEW UNTAPPED MARKET!

EARN
$65/HR!

o~
by
-

‘ = .

Over 8 million Fax machines in homes/
offices -predictions are for over 25 million
by 1992!

(I Work from your home/van

(B Home study program gets you started servicing
fax machines in 2 weeks!

[ No special tools/equipment needed -no need for
a background in electronics!

[ Earn additional profits selling fax supplies!

o Fax machines are not cheap - theretore. you can
get good $$ for the repair
» Average Fax machine requires professional service
every 18 months
* Home study training program includes full instruc-
tions on EVERY ASPECT of Fax maintenance/repair
FULL COVERAGE of how to set up your home-based
service business
FREE OETAILS
CALL 1-800-537-0589
Or write to: Viejo Publications. Inc
3540 Wilshire BL #310
Dept EST Los Angeles. CA 90010

Circle (26) on Reply Card

be a useful troubleshooting device. Al-
though I have not tried it. I think the IR
probe also can be used to check for IR
light output from the IR lasers in CD
players. Give it a try. It has helped me
with countless troubleshooting jobs.Hl

Put a low cost CelsiClock
temperature monitor on
any surface -
The temperaturéindicaﬂng spots turn
permanently black when the surface to

which the CelsiClock® is affixed
reaches the specific *“*switch” temper-
ature level of that spot. Available in mul-
tiple sequenced temperature incre-
ments from 40°C up to 260°C. Free
samples on inquiry.

CELSI®, the reliable ‘‘Temperature
Watchdog’’ from:
SAT Solder Absorbing Technology
Inc. a Spirig Company
144 QOakland Street,
Springfield MA 01108
(413) 788-6191
TOLL FREE (800) 628-8862
facsimile (413) 788-0490

SOLDER ABSORBING TECHNOLOGY

Circle (27) on Reply Card
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—— Readers’ Exchange

Back by popular demand —
FREE Readers’ Exchange

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

The following restrictions apply to Readers’
Exchange:

* Publication of Readers’ Exchange items is
on a space-available basis. We make no
promises or guarantees that any Readers’ Ex-
change item(s) will ever be published.

® Only individual readers may use Readers’
Exchange, and items must be restricted to
those that are ordinarily associated with con-
sumer electronics as a business or hobby. If
you're in business to sell the item(s) you want
to offer for sale, the appropriate place for your
message is in a paid advertisement, not Read-
ers’ Exchange.

* Readers’ Exchange items must be restricted
to no more than three items each for wanted
and for sale, and may be no more than approx-
imately four magazine column lines in length
(about 30 words, including address). Please
don’t ask the editorial staff to edit your copy
to fit within the space alloted.

* [tems must be legible and understandable.
Make sure you write clearly, and explain any
abbreviations that the editors or our readers
might not understand.

* Any Readers’ Exchange items that do not
follow these rules will not be published. We
regret that we cannot return these items.

Send your Readers’ Exchange submissions
10:

Readers’ Exchange
Electronic Servicing & Technology
PO. Box 12901

Overland Park, KS 66212

WANTED

Tube tester, must be in good working condition
with manual and update tube charts. Daniel Seid-
ler, 3721 W. 80rth St., Chicago, IL 60652;
312-284-8221.

ESR meter, originally made by Creative Electron-
ics, Clawson, MI. R&D Electronics, 10052 Iwy.
78, Ladson, SC 29456, 803-871-3020.

Schematic on Sears color model 401.40251350 TV.
Unable to obtain from Sears. Carl Jones, 5727 Old
Bethal Road, Crestview, FL 32536.

Main board for Hitachi model CT1306 TV. J. Ros-
so, 6216 Farmingdale Drive, Charlorte, NC 28212,
704-535-5892.

Sencore VA62, PRS7, Weller soldering stations and
any other late-model TV test equipment. Al Sciuto,
905 W. Calle Catavinos, Tucson, AZ 85704;
602-297-6945.

Old Fada table radios. Kenneth Miller, 10027 Cal-
vin St., Pitsburgh, PA 15235; 412-242-4701.

luke model 73, 75 or 77 DVM,; RCA Nuvistor
1393: HP-205 calculator. George DeMaris, 7387

Electronic Servicing & Technology April

Pershing Ave., Orlando, FL 32822, 407-277-3746.

Coil L 252 (approx. 8mH) for IBM monitor model
5154001 or source of IBM parts for monitors. Gary
Danowski, 132a Sound Ave., Calverton, NY 11933.

Service manual for a Sansui stereo receiver mod-
el 3300. Wiil buy or copy and retumn. Gerald Grib-
ble, 2203 Seventh St. N.E., Canton, Ol 44704,
216-455-8107.

Lafayetie KT-550 power amp, Marantz model 7
pre-amp and model 8 power amp. Need not be
working. Mike Zuccaro, c/o Voice & Video, 5038
Ruffner Si., San Diego, CA 92111; 619-271-8294.

Nakamichi T!00 test set; Amber 3500 or 3501
measuring system. Mike, Circuitworks, 5109 43rd
Ave. S., Minneapolis, MN 55417; 612-724-7235.
Schematic for Sunray 19-inch model SR19 TV.
State price. Rum TV, San Vicente 4E, Mayaguez,
PR 00708.

Procedure and information on how to work out
tube test setup data for a Jackson 648S. Jackson
is out of business, and Coletronics has discon-
tinued updating tube setup data. Edward Bello,
4803 WAnwood Court, Columbus, Ol 43220;
614-451-9248.

Screen for 6-foot Sony 2-piece TV. Jimn, 895 25th
St., Marion, 1A 52302.

Reitmans Radio Servicing Course book, 224 pages
(Supreme). advanced radio servicing, 30 lessons;
Reitman Supreme pre-war record changers (Su-
preme). Paul M. Williams, 2364 Beaver Valley
Pike, New Providence, PA 17560-9622;
717-786-3803.

B&K 80! capacitor analyst; Sams TR-82 Photofact
and Knight manual/schematics for KG-687 sweep
generator and 83YX123 sweep generator. Charles
T Huth, 229 Melmore St., Tiffin, Oll 44883;
419-448-0007.

Any C.I.E. course — complete. L. Cordova, PO.
Box 539, Grants, NM 87020.

B&K 1248 pattern generator; ac supply, B&K 1655
or Sencore PRS7. Ronald A. Jones, Ri. 4, Box 487-
B, McMinnsville, TN 37110; 615-934-2796.

Adapters for B&K model 470 picture-tube tester.
Charles McDonald, 595 Huntmere Drive, Bay Vil-
luge, Ol 44140; 216-871-6523.

Advent B.S., model 710 schematic. Will copy and
return or pay reasonable price. V.L. Knight, PO.
Bax 2725, Statesboro, GA 30458; 912-489-8372.

Sencore or Leader transistor tester. Frank T
Castilla, 906 Hortencia Ave., San Antonio, TX
78228; 512-436-2215.

Service literature for Kenwood KR-4600 stereo re-
ceiver (copy OK); Sony RM-80 remote control
set for TCK444ES cassette deck; service manual
for Sony TT-300 tuner/timer. MSGT R.L. Bray,
6715 Eberlein Ave., Klamath Falls, OR 97603; 503-
884-1406 (leave message).

ES&T issues before January 1986. George Fogel-
man, 120! Idlewilde, El Paso, TX 79925; 915-778-
0997 AT&T collect.

1983-84 issues of ES&T: also need April and June

1990

1986. Pere Noggle, 106 E. Marker, Dodge City,
KS 67801, 316-225-401.

Schematic and service manual for 1969-1971(?)
Fisher 395 AM/FM stereo receiver with Autoscan
electronic tuning. Will pay for copies or any info
available. Gene, 12709 Feldon St., Silver Spring,
MD 20906; 30!-946-5767.

Schematic or service manual for Hallicrafters SX-
122 shortwave receiver and for Technics model
SH-3433 4-channel audio scope. Will purchase or
copy and return. Bob Lynn, PO. Box 107!, Som-
erville, NJ 08876; 201-722-6664.

Schematic and operator manual for old Hickok
Xtal Control microvolt signal generator, model
19X. State price. Robert *‘Randv’’ Blevins, W3LGl,
Box 113-A, Rr. 1, Lexington Park, MD 20653.

Service manuals for Zenith models S2551 8M and
§S2331P. Will buy or copy and return. Mark
Mirchell, 1665 Brownstone #3, Toledo, Ol 43614
419-867-9342.

FOR SALE

Well-established A-V service shop in beautiful Se-
dona, located in the temperate, central part of Ar-
izona, Read Rock Country. Will sell with or with-
out inventory/equipment. $35000. Silden Service,
2035 Contracrors Road, Sedona, AZ 86336,
602-282-2350.

Sams Books, all types, all numbers. Loeb, 4/4
Chestnur Lane, East Meadow, NY 11554.

B&K multimeter with manual, excellent, $75. Ken-
nerth Miller, 10027 Calvin St., Pitsburgh, PA
15235; 412-242-4701.

Heath IB-57A sweep generator, 1G-28 color-bar
gen. and IG-42 RF gen., all for $50. G. Jo/inson,
RD2 Box 17C, Weatherly, PA 18255; 717-427-4637.

Many audio and CD player ICs for sale at low
prices. Write for free price sheet and include your
parts needs. S.P.L., 73 Hill St., Belleville, NJ
07109.

SC61 60MHz dual scope, VA62 video analyzer,
VC63 VCR accessory. NT64 NTSC pattern gener-
ator, CR70 CRT restorer, LC75 capacitor analyz-
er. EX231 expander jack, PR57 isolation trans-
former. Two years old, $4,600. 8/7-442-1944 early
or late, in Texas.

Microfishe machine, 9X12 Datamate 80; $75;
Sams Quickfacts, four volumes, $15 each; B&K
1246 pattern generator, $180. Add shipping. Sal
Cribari, 1312 Well Drive, Camp Hill, PA 17011;
717-763-1855.

Sams Photofacts, #20 to #450, all for $175 plus
shipping or best offer. Clarernce Bialke, 3712 Main
St. N.E., Minneapolis, MN 55421; 612-788-0586.

Viz WRS0C RF generator, $85; B&K 1076 ana-
lyst. $100 without slides, $125 with slides; Sen-
core SMI52 sweep/marker, $85. Add shipping.
Stan Chalker, 1176 Smithsonian Ave., Youngstown,
OH 44505.

10 TV modules for Heathkit 85 series: Admiral
modules for IM30 and M25 chassis; Philco mod-



ules for 4CS7! and 4CY90 chassis: Sears mod-
ules for 528.41950 series 1974. D.J. Ajjala, 50 Fir
Circle, Babbitt, MN 55706.

Many TV and VCR parts; also test equipment up
10 50% off list price! Gary Barzily, 84-39 1201h
St., Kew Gurdens, NY 11415; 718-847-7965.

Sams Photofacts #500 thru #2222, $1.500; 4-
drawer file cabinets, $25 each; HP 180A oscillo-
scope, SOMHz, dual beant. w/2 probes, $550. Add
shipping. G. Shirley, 133 Sugamore Road, Tucha-
hoe, NY 10707,

Sencore test equipment, model VA62 and VA63,
still in original boxes, used twice, $3.000 and we
pay shipping. Michael, 414-551-7156.

Sencore SC6] waveform analyzer, excellent con-
dition w/I-year warranty and probe kit, $2,500 or
best offer. 30/-255-3700.

B&W model 801 capacitor analyst. James Vande-
mark, Box 3472, Santa Rosa, CA 95404.

B&K 1801 frequency counter. measures frequen-
cy to 60MHz. Calibration certified for last two
years. Recertified Nov. 89. Excellent condition.
book. papers included. $250. 50/-584-4002.

RF signal genertor, $30; RCA dot and bar gener-
tor. $40. new: Volt-Ohmmeter, to 6M. $10. new.
Joe Dracki, 3502 E. Northern Parkway, Bacro, MD
21206, 301-254-0284.

Sanyo model CP300 CD player, all parts except
laser available. E. Wielund, 237 Talbot Drive, Bed-

Jord, OI1 44146, 216-232-8653.

Heath model 10-10! vectorscope with manual. $65.
Sencore model 141 DeLux color bar generator,
$55; Heath model 10-4105 solid-state scope, needs
minor work, with manuals, $65. Mr. Lurry, 6738
Ambherst St., San Diego, CA 92115; 619-462-7445.

Harrison 880A regulated lamp 0-100V power sup-
ply. $125; Sencore FP20! and 39G89 probes, $25;
538 Sams below #1522, $269. Long's TV,
801-595-8442.

TV analyst model 1076, $150: Simpson model 415A
AM/FM signal generator, $75; Simpson model 221
RotoRanger, $50. All in excellent condition, with
leads and manuals. L.//. Brinkley, 328 W. Dine-
hart Ave., Elkhart, IN 46517,

Large collection of factory service data, schemat-
ics. books. Sams, etc., more than 1,500 schemat-
ics from 1930-1989. Best offer. Alvin Sydnor, 806
Meeringhouse Road, Boothwyn, PA 19061;
215-497-2838.

Sencore VA62, VC63. $2,000, mint condition, in
original box, with manuals; most equipment need-
ed for TV/VCR work. 9/9-752-7245 after 5 p.m.
EST.

Sencore VA62 with VC63, never out of box. Mike
Pristas, 1420 Third St., Howell, MI 48843;
517-546-1367.

Sencore SC61. VA62. VC63, NT64. EX231, ST66,
BY234, LC75. PRS7, plus direct and demod.
probe; other electronics parts and accessories.

Deny Russman, Box 332 Dow City, 1A 51528; 712-
674-3631 evenings or 712-643-5922 days.

B&K, Sencore test equipment; tubes,; factory serv-
ice manuals for Japanese, Korean, etc. TVs; RCA
factory service manuals; back issues of ET/D and
ES&T. Please send large SASE. Allan Eisenhaur,
9 Rachel Carson Lane, Centerville, MA 02632.

Heathkit dual-trace trigger sweep scope, $150, with
probes. Vincent Manning, 1929 W. 26th St., Jack-
sonville, FL 32209.

2.000 Sams Photofacts and manuals; B&K 1077
and 415, etc. Send SASE for prices. Sunser Elec-
tronics, 3205 148 Southeust, Bellevue, WA 98007,

Simpson model 311-2 VTVM with probe and man-
ual. good working condition, $50; EICO model
145 multi-signal tracer with manual. needs probe,
good condition, $35. Add shipping. John Brou-
zakis, 247 Valley Circle, Charleroi, PA 15022;
412-483-3072.

Duplicate Sams, #1000-#1918, $1.50 each. Send
SASE for list. Siever's TV, 2715 Rogge Lane, Aus-
tin, TX 78723.

B&K 415 sweep/marker generator, $275; B&K
1076 TV analysi. $125: new Variac Staco 2PFI010,
$84. Add postage and handling. 20/-694-6374
evernings.

B&K 5208 transistor tester, $180. RCA 98C Senior
Voltohmyst. $80: B&K model 177/V-95 VT.O. me-
ter, $90. Alex Minelli, 718 Michigan St., 1ibbing,
MN 55746. L

Classified

Effective with
March, 1990 Issue

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

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

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

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

FOR SALE

FOR SALE

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

12-89-TFN

VHS-VCR Repair Solutions Sets |, I, I, 1V, V. Each con-
tains 150 symptoms and cures, cross reference chart, free
assistance, $11.95 each all tive $49.95. Eagle Electronics,
52053 Locks Lane, Granger, IN 46530 12-89-TFN

TV TOUGH DOGS: 300 symptoms and cures. Send $9.95
to DAVIS TV, 11772 Old Fashlon Way, Garden Grove, CA
92640. 10-87-tin

REDUCED 75%, Diehl Mark V scanner $219, Dieht Mark
1l scanner $89. New. 2805 University Ave., Madison, Wis.
53705, 608-238-4629, 608-233-9741. 3-89-tfn

BUYING & SELLING QUALITY TEST EQUIPMENT by HP,
Tektronix, Fluke, etc. Tektronix 335 portabie (105 Ib.) 35 MHz
osciftoscopes $750. Vu-Data PS935 portable 35 MHz os-
cilloscopes $350. Tektronix 465 oscilloscopes (100 MHz)
$1.050. Fluke 8020A handheld multimeters $75. Much moret
Calibrated & guaranteed 6 mos. Call Cal-Scope, {(408) 730-
4573 or FAX (408) 730-9537. 3-90-3t

QUIT CHANGING GOOD FLY BACKS in Solid State TV's.
We have the plans for you to make an adapter for any regu-
lar oscilloscope to test RCA,PHILCOS, & SYLVANIAS's &
also any Japanese TV. sets. Total cost for plans $1595. R.F
ELECTRONICS 708 Sycamore Street Ft. Worth, Texas.
76104 04-90-1t

TV/VCR REPAIR SOLUTIONS. Printout or IBM compatibie
with hard drive. 3.400 solutions (26 manufacturers). Time
saver. Quick scan by make, model, chassis or stage. $90.
Post paid to Electronic Solutions. 407 W. Ave “N’’. San
Angelo. TX 76903. 4-90-1t

SENCORE—SG-165 Stereo Anal., $550; CB-42 Anal., $550;

LC-53 Z-Meter, $500; DVM-38, $180; PM-157, $50; TF-151,

$45. Call Dave at (913) 371-1272 or (913) 268-5527.
04-90-1t

PHOTOFACTS: Folders under #1400, $4.00. Above #1400,
$6.00 Sent same day first-class postpaid. Loeb, 414 Chest-
nut Lane,East Meadow, NY 11554, 4-90-3t

EQUIPMENT WANTED

TUBES WANTED—We buy receiving and transmitting
tubes. Send your list for bid. New tubes in original boxes
only. Also need radio I.F. XFMRS. Antique Electronic Sup-
ply, 688 West First St., Tempe, AZ 85281. Phone 602/894-
9503, Fax 602-894-0124. 3.90-3t

VCRs OR VCPs 10 or 100 Not Working OK. Call
TELETRONICS 703-434-5251 Harrisonburg, VA 22801
4-90-1t

BUSINESS OPPORTUNITIES

LARGE AUDIO/VIDEO SERVICE BUSINESS. In sunny SW.
city. Established 20 yrs. Well-equipped. Price & terms
negotiable. (602) 298-8827. eves. 8-89-ttn

BE YOUR OWN BOSS—Audio/Video/TVRO sales and serv-
ice. Perfect small business for 1-2 man operation. Profita-
ble Colorado business. Low overhead, owner can finance,
303-867-3554. 04-90-2t
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GET IN NOW ON THE $12 BILLION A YEAR

COMPUTER SERVICE INDUSTRY EARN

uP 10
LEARN HOW TO CLEAN/ | 45/um
2
d 4
P

MAINTAIN/REPAIR PRINTERS ...

VIEJO'S AWARD-WINNING TRAINING VIOED AND
=~ 5 COMPANION TRAINING
MANUAL (OVER 300
ACTION-PACKED PAGES)
REVEALS SECRETS
OF PRINTER REPAIR
WITH YOUR AVERAGE
MECHANICAL ABILITY
WE CAN SHOW YOU
HOW T0 REPAIR UP T
95% OF ALL PRINTERS
START EARNING EXTRA
CASH IN DAYS!
* HUGE UNTAPPED MARKET!
* SERIOUS LACK OF TRAINED TECHNICIANS
OVER 37 MILLION PC'S IN USE . APPROXIMATELY 85% HAVE A PRINTER
ATTACHED .. VASTMAJORITY OF PRINTER BREAKDOWNS ARE DUETO SIMPLE
MECHANICAL OR ELECTRD-MECHANICAL FAILURE

FREE INFO "] ORWRITETO: VIEJO PUBLICATIONS

3540 WILSHIRE BL #310
| CALL 1-800-537-0589 DEPT ES1 2. LA CA 90010

Circle (33) on Reply Card

‘‘Sperry Tech’s
Pricing Guide”’
Updated new 6th edition...a
framework for setting rates
that apply to HiTech pro-

. ducts...a formula that

. guarantees SUCCESSt

)/ Call Toll Free for details
1-800-228-4338

Al

v
Circle (29) on Reply Card

Over 75% of all VCR breadowns
are due to mechanical problems.

Do you have the tools to find
these problems? TENTEL Does!
Call Toll Free

(800) 538-6894

In Calif -(916) 939-4005

[ Training Videotape - $24.95]
4475 Golden Foothill Parkway
TEN TEL €l Dorado Hills, CA 95630

Circle (28) on Reply Card

(33
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TEST/CLEAN/RESTORE with a UNIVERSAL CRT
ADAPTER that fits all CRT testers and quickly hooks-
up to alt CRT's on the market (now or in the future)
Guarantees profit & total CRT servicing. Used by TV
Repair, US Gowt., Airlines, Computer gerv Dept. of
Detense. Patented Adaptor-Sockets-CRT Reference/
Setup book—Only $59.95 plus $2.50 postage & han-
dling. Our 6th year. Over 15,000 soid. Chargecards/
Checks/COD. Money Back Guarantee
FREE CALL 1-800-331-9658
DANDY MFG. CO./RANDALL ELECTRONICS

(918) 682-4286, 2323 Gibson St., Muskogee, 0K 74403

Circle (31) on Reply Card

TUBES ‘TUBES *TUBES
— World’s Largest Range

Over 2,000 Types, Domestic & Foreign
0, Ask for
UP To 85 /0 OF price list
Internationat Components Corporation
Toll Free 800-645-9154 <N Y. State 516-293-1500
105 Maxess Road. Melville. New York 11747

Circle (30) on Reply Card
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714/623-3463
213/639-4200
..800/645-5104
800/628-1118
..800/543-4330
.800/448-1666

. .800/553-7278
817/921-9061
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513/222-0173
..800/225-8326
.800/558-9572

.. .800/333-PTSI
. .800/SEN-CORE
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Just the fax...

Now it’s easier than ever to run
your ad in Electronic Servicing
& Technology’s Classified
Advertising section. All you
need to do is fax your ad and
we’ll take care of the rest.
Easy, right?
Fax #913/541-6697

Attention: Renee Hambleton,
Classified Ad Mgr.

" mi. (06 CONSUMER HLICTIONICS SIVICING noiss-owus
HOME OFFICE

Reneée Hambleton, Classitieds
9221 Quivira Rd

Overland Park, KS 66215
Telephone: (913) 888-4664
Fax: (S13) 541-6697

Stephanie Hanaway, Associate Publisher
Mellssa Langstatf, Advertising Coordinator

ADVERTISING SALES OFFICE

EASTERN U.S.
Carol Summers
866 Third Ave.
29th Floor

New York, N.Y. 10022

Fax: (212) 702-7802

WESTERN U.S.
Len Keeler

Telephone: (212) 702-3402

27475 Ynez Road, #374
Temecula, CA. 92390
Telephone: (714) 694-0774

Fax: (714) 694-0781
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It you want better measurements,

check these figures out

KENWOOD %28%+ omicasomoom

CS-8170

vamame
SWEEP TWIE /Div
TR
[RRE

The Kenwood CS-5170. No
other dual-channel 100MHz
oscilloscope more economi
cally combines performance
and simplicity. And through
February 28, 1990, its reason-
able price has been reduced
almost beyond reason.

You see, the CS-5170 forgoes
unnecessary extras in favor of
the practical features that make
high-speed signal readings quick
and easy. Like digital readout
with cursor functions for voltage,
time, frequency, ratio, phase
and delay measurements. The
CS-5170s high-resolution 12kV
CRT eliminates parallax error.
Delaved sweep, high vertical-
axis sensitivity from 1mvto 5V,
automatic triggering and video
signal capabilities all add o this
scope’s optimum functionality.

Prudent performers. For
economical electronics, the 3-
channel 60MHz CS-5165, S0MHz
CS-5155 and 2-channel 40MHz
CS-5135 models feature delaved
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sweep, bright CRTs, ImV to 5V
vertical-axis sensitivity and more.

Advanced 4-channel oscillo-
scopes. Kenwood’s 6000 Series,
the 150 MHz CS-6020 and
100MHz CS-6010, deliver added
versatility for advanced applica-
tions. Cursor measurements
include voltage, time, frequency,
ratio, phase, and delay. Both
models offer digital readout with
a convenient calendar display
and bright CRT A trigger counter
is usetul for analysis of complex
digital and video signals.

Irresistible prices. Consider
all the features you get with
sophisticated Kenwood Test and
Measurement Equipment and
the figures vou see here look all
the more attractive.

To get FREE information on
any or all Kenwood oscillo-
scopes contact Kenwood USA
Corp.—Communications & Test
Equipment Group at 2201 E.
Dominguez Street, Long Beach,
CA90810. Or call (213) 639-4200.
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INS'ST m Two of the most important reasons  as knowledgeable and dedi-

for exchanging Zenith replace-  cated as those who made

GENUINE ZENITH ment paits thrtough the orlgmal
gdis- Don't risk exch: his-
FACTORVIREN
REPLACEMEM PARTS 1) Your”replacelnﬁe{]t assemblies anywk;ere else.
NOW AVAILABLE AT 7700 ch s Write oday and well belp
AWHORIZED E;mit‘egngmee”ng dlstrlbutc')r Exchange Counter
KCHANﬂ coum ‘ 2) Yc()u will be assured neTeE
THROUGHOUT THE U.S. %iiﬁfé;i?c%&?s: part
remanufactured and serviced

for reliability by Zenith people l”l ’”

The quality goes in before the name goes on®

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



